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A UniSim Design Tutorials

The Tutorials section of this guide presents you with independent
tutorial sessions. Each tutorial guides you step-by-step through the
complete construction of a UniSim Design simulation. The tutorial(s)
you choose to work through will likely depend on the simulation topic
that is most closely related to your work, your familiarity with UniSim
Design, and the types of simulation cases you anticipate on creating in
the future.

All completed Tutorial cases are included with your UniSim
Design package, and are available on UniSim
Design\Samples folder.

Regardless of which tutorial you work through first, you will gain the
same basic understanding of the steps and tools used to build a UniSim
Design simulation. After building one of these tutorial cases, you might
choose to build one or several more, or begin creating your own
simulations.

If you are new to UniSim Design, it is recommended that you
begin with the steady state tutorials. These tutorials
explicitly detail each step required to complete the
simulation. In steps where more than one method is
available to complete a particular action, all methods are
outlined. The dynamic tutorials (which are continued after
the steady state section) are also presented in a step-by-
step manner, but are less detailed in their explanations.
They assume a rudimentary knowledge of the UniSim Design
interface and methods.

The three tutorials are grouped in three general areas of interest:

e Gas Processing
< Refining
e Chemicals

Each area has an associated steady state and dynamic tutorial. The
dynamic tutorials use the steady state cases and add control schemes
and dynamic specifications required to run the case in Dynamic mode.
If you are interested only in steady state simulation, go through the
steady state tutorial(s) that most interest you and stop at the dynamics
section. If you are interested only in learning to apply dynamic
simulation methods, use the pre-built steady state base case, included
with UniSim Design, as the starting point for your dynamic tutorial



There are also several
UniSim Design training
courses available. Contact
Honeywell for more
information, or visit our
web site
www.honeywell.com.

case.

Introduction

In the chapters that follow, example problems are used to illustrate
some of the basic concepts of building a simulation in UniSim Design.
Three complete tutorials are presented:

1. Gas Processing

e Steady State. Models a sweet gas refrigeration plant consisting
of an inlet separator, gas/gas heat exchanger, chiller, low-
temperature separator and de-propanizer column.

< Dynamics. Models the Gas Processing tutorial case in Dynamic
mode. This tutorial makes use of the recommendations of the
Dynamic Assistant when building the case.

2. Refining

= Steady State. Models a crude oil processing facility consisting
of a pre-flash drum, crude furnace and an atmospheric crude
column.

e Dynamics. Models the Refining example problem in Dynamic
mode.

3. Chemicals

e Steady State. Models a propylene glycol production process
consisting of a continuously-stirred-tank reactor and a
distillation tower.

e Dynamics. Models the Chemicals example problem in Dynamic
mode. This tutorial make use of the recommendations of the
Dynamic Assistant when building the case.

The solved steady state cases are saved in the UniSim
Design\Samples folder as TUTOR1.usc, TUTOR2.usc, and
TUTORS3.usc files.

For the dynamics tutorials, you can use the pre-built steady
state cases as your starting point. The solved dynamics
cases are also included as dyntutl.usc, dyntut2.usc, and
dyntut3.usc.

Each example contains detailed instructions for choosing a property
package and components, installing and defining streams, unit
operations and columns, and using various aspects of the UniSim
Design interface to examine the results while you are creating the
simulation.

Often in UniSim Design, more than one method exists for performing a
task or executing a command. Many times you can use the keyboard,
the mouse, or a combination of both to achieve the same result. The
steady state tutorials attempt to illustrate UniSim Design's flexibility by
showing you as many of these alternative methods as possible. You can
then choose which approach is most appropriate for you.
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To learn more about the
basics of the UniSim
Design interface, refer to
Chapter 1 - Interface in
the UniSim Design User
Guide.

The tutorials start in
Steady State mode, and
end in Dynamic mode.

The dynamics tutorials use the steady state solution as a basis for
building the dynamic case. If you like, you can build the steady state
case and then proceed with the dynamic solution, or you can simply call
up the steady state case from disk and begin the dynamic modeling.

Starting UniSim Design

The installation process creates the following shortcut to UniSim
Design:

1. Click on the Start menu.

2. Select Programs | Honeywell | UniSim Design | UniSim
Design R350.

The UniSim Design Desktop appears:

Figure A.1

Tool Bar Menu Bar Maximize icon

UniSim Desigr: R350
£ Tools Help

= &

Walidate license took 0.00 seconds
TnifimDesign. Process Serwer

A A .
P (A oty
Status Bar Object Status  Trace Window  Performance
Window Slider

Getting Started

You are now ready to begin building a UniSim Design simulation, so



proceed to the Tutorial of your choice.

Tutorial

Chapter

Samples Case Name

(Steady State/Dynamic)

Gas Processing Chapter 1 TUTOR1.usc
dyntutl.usc
Refining Chapter 2 TUTOR2.usc
dyntut2.usc
Chemicals Chapter 3 TUTORS3.usc

dyntut3.usc

Once you have completed one or more tutorials, you may want to
examine the Applications section for other examples that may be of

interest.
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1 Gas Processing Tutorial

1.1 INEFOTUCTION et e e e e e e e e eeees 2
1.2 Steady State Simulation ...........cooeieiiiiiiiii e 2
1.2.1 Process DESCHPLION .......coeeeeieiiiieieieeeiiiiii e 2
1.2.2 Setting Your Session Preferences ........ovvvevveveeiieeeeeiiineeeeeeiinen 4
1.2.3 Building the Simulation............cooeevveiiiiiieee e 7
1.2.4 Entering the Simulation Environment............ccccoooiiiieiiieeinnnee, 14
1.2.5 Using the WOrkDooK ............couuiiiiiiiiiiii e 16
1.2.6 Installing Unit Operations...........cccoeeuuiieeieiii e 28
1.2.7 Using Workbook FEatures...........oovviiiiiiiiiiiiiiiii e 38
1.2.8 USING the PFD......i e 42
1.2.9 Viewing and Analyzing RESUILS .........c.uuiirerieiiiiii e eee e 68
1.2.10 Optional STUAY ......uoeiieeeieii e e e 79
1.3 Dynamic SimuUlation .......cccoeeriiiiiiiiiie e e e 88
1.3.1 Modifying the Steady State Flowsheet..........ccccovviiieiiiiiiieieiiinnnnn. 89
1.3.2 COIUMN SIZING ttunieeeeiiee e e e 96
1.3.3 Using the Dynamics ASSIStant ..........cccuviveeeeeiiinieereeiiineeeeeeennn 102
1.3.4 Adding Controller Operations ............cceveeeeiieveeiiereiieeeeieeeeaneees 108

1-1



1-2

A solved case is located
in the file TUTOR1.usc
in your UniSim
Design\Samples
directory.

Introduction

1.1 Introduction

The gas processing simulation will be built using the following basic
steps:

Create a unit set.

Choose a property package.

Select the components.

Create and specify the feed streams.

Install and define the unit operations prior to the column.

o0k wbhPRE

Install and define the column.

In this Tutorial, a natural gas stream containing N2, CO2, and C1
through n-C4 is processed in a refrigeration system to remove the
heavier hydrocarbons. The lean, dry gas produced will meet a pipeline
hydrocarbon dew point specification. The liquids removed from the rich
gas are processed in a depropanizer column, yielding a liquid product
with a specified propane content.

The following pages will guide you through building a UniSim Design
case to illustrate the complete construction of the simulation, from
selecting a property package and components to examining the final
results. The tools available in the UniSim Design interface will be
utilized to illustrate the flexibility available to you.

Before proceeding, you should have read the introductory
chapter which precedes the Tutorials in this guide.

1.2 Steady State Simulation
1.2.1 Process Description

This tutorial will model a natural gas processing facility that uses
propane refrigeration to condense liquids from the feed and a
distillation tower to process the liquids. The flowsheet for this process

1-2
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appears below.
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The combined feed stream enters an inlet separator, which removes the
free liquids. Overhead gas from the Separator is fed to the gas/gas
exchanger, where it is pre-cooled by already refrigerated gas. The
cooled gas is then fed to the chiller, where further cooling is
accomplished through exchange with evaporating propane
(represented by the C3Duty stream). In the chiller, which will be
modeled simply as a Cooler, enough heavier hydrocarbons condense
such that the eventual sales gas meets a pipeline dew point
specification. The cold stream is then separated in a low-temperature
separator (LTS). The dry, cold gas is fed to the gas/gas exchanger and
then to sales, while the condensed liquids are mixed with free liquids
from the inlet separator. These liquids are processed in a depropanizer
column to produce a low-propane-content bottoms product.

Once the results for the simulation have been obtained, you will have a
good understanding of the basic tools used to build a UniSim Design
simulation case. At that point, you can either proceed with the Optional
Study presented at the end of the tutorial or begin building your own
simulations.

In this tutorial, three logical operations will be installed in order to
perform certain functions that cannot be handled by standard physical
unit operations:

Logical ‘ Flowsheet Function

Balance To duplicate the composition of the SalesGas
stream in order to calculate its dew point
temperature at pipeline specification pressure.

Adjust To determine the required LTS temperature which
gives a specified SalesGas dew point.

UniSim Design To calculate the SalesGas net heating value.
Spreadsheet

The Balance operation will be installed in the main example. In the
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All commands on the
toolbar are also available
as menu items.

o

New Case icon

Optional Study section, the Adjust and Spreadsheet operations will be
installed to investigate the effect of the LTS temperature on the sales
gas heating value.

The two primary building tools, the Workbook and the PFD, will be
used to install the streams and operations and to examine the results
while progressing through the simulation. Both of these tools provide
you with a lot of flexibility in building your simulation and in quickly
accessing the information you need.

The Workbook will be used to build the first part of the flowsheet,
starting with the feed streams and building up to and including the gas/
gas heat exchanger. The PFD will be used to install the remaining
operations, from the chiller through to the column.

1.2.2 Setting Your Session
Preferences

1. To start a new simulation case, do one of the following:
 From the File menu, select New and then Case.
e Click the New Case icon.
The Simulation Basis Manager appears:

Figure 1.2
* Simulation Basis Manager E]|E|@

Companent Lists

igw...

Add

Copy

Ex=part..

FRefresh

=
Components | Fluid Pkgs J Hypotheticalz J Oil M anager J Reactions J Component Maps J Uzer Properties J

[ Enter P%T Environment... ] [ Enter Simulation Environment... ]

The Simulation Basis Manager view allows you to create, modify,
and manipulate fluid packages in your simulation case. Most of the
time, as with this example, you will require only one fluid package
for your entire simulation.

Next, you will set your Session Preferences before building a case.

1-4
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2.

From the Tools menu, select Preferences. The Session
Preferences view appears.You should be on the Options page of the
Simulation tab.

Figure 1.3
= Session Preferences (UniSimDesign.PRE}) @@@
Simulation General Oplions
Opti [ &llow Multiple Stream Connections: Use Input Experts Empty Text | <empiy>
plions Wiew MNew Streams upon Creation Canfirm Deletes
Enrors [ Use Modal Property Views Corfirm Mode Switches
Desktop Record Time When Notes Are Modified [ Enable Single Click Actions
Haming Enable Cross Hairs On PFD Erable Cell Edit Button
Taol Tips Save XML Fluid Package To User Defined File
Flash Lanlrel Basis Environment Warrings Transler Basis
Dynamics Show Property Package Warning I TP Flash
Steady State Show Warning Message on Edit of Interaction Parameters (3 PH Flash
Performance N (OWF-T Flash
Lcending Stsam Property Corslations COWE-P Flash
Colrn [ Activate Property Corelations (Standard. Black 0il, Electralyte] () Mone Required
Confirm Before Adding if Active Conelations are Present (2) Needs Changing

Status Wwindow

Trace Window Hypothetical components options
Ci/Copy/Paste Confim before replacing all dupicate hypos fiom all hypo groups
[ | ‘Yariables J Fieports J Files | Resources J Estensians J il Input J Tray Sizing J Case Tooks |
[ saveFreferences | [ Save Preferencess.. | [ Save Preferences fle by default Load Freferences

The UniSim Design default session settings are stored in a
Preference file called unisimdesign R*.prf. When you modify any
of the preferences, you can save the changes in a new Preference
file by clicking either Save Preferences which will overwrite the
default file or Save Preferences As... and UniSim Design will
prompt you to provide a name for the new Preference file. Click the
Load Preferences button to load into any simulation case.

Check the Save Preferences File by default to automatically
save the preference file when exiting UniSim Design.

In the General Options group, ensure the Use Modal Property
Views checkbox is unchecked.

Creating a New Unit Set

The first step in building the simulation case is choosing a unit set.
Since UniSim Design does not allow you to change any of the three
default unit sets listed, you will create a new unit set by cloning an
existing one. For this example, a new unit set will be made based on
the UniSim Design Field set, which you will then customize.

To create a new unit set, do the following:

1.
2.

In the Session Preferences view, click the Variables tab.
Select the Units page if it is not already selected.
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Steady State Simulation

3. In the Available Unit Sets group, select Field to make it the active

set.
Figure 1.4
: Session Preferences (UniSimDesign.PRF) g@@
Variables Available Unit Sets
Units
Formats sl
513
User Field

Unit Set Mame | Field

Display Units
Unit & View ..
Acceleration ftis2
Acidity mg KOH/g
Act Gas Flow ACFM
Act Val. Flow bamel/day
Actual Liquid Flow USGPM A lv
Actual Mass Density kg/m3 z
Angle leg
AP Fire Equation Constan| Btushi-ft1. 64
Area 2
Area Per Mass ft24lb b

Simulation _ Variables | Repotts | Files | Resources | Estensions | Oil Input | Tray Sicing ] Case Taols |

Save Preferences ] [ Save Preferences As. ] Save Preferences fils by default Load Preferences

»

Click the Clone button. A new unit set named NewUser appears.
This unit set becomes the currently Available Unit Set.

o

In the Unit Set Name field, enter a name for the new unit set.

You can now change the units for any variable associated with this
new unit set.

2

In the Display Units group, scroll down until you find the unit for
Flow. The default setting is Ibmole/hr.

A more appropriate unit for the Flow is MMSCFD.

N

To view the available units for Flow, open the drop-down list in the
cell beside the Flow cell.

Figure 1.5

: Session Preferences (UniSimDesign.PRF) g@@
Variables Ayailable Unit Sets

Fucs

Farmats N

513
User Field
Unit Set Mame | Mewllser

Digplay Units

[Unit ] View ..
Enliopy | BtuelbmolsF
Flaw Ibrole/hr b Add ..
Flovt T Temp Link Coeff [ gmole/min ~
Delete

Fluid Potential

Force Al
Fouling Z
Frequency

MMSCFD
Fiiction Power Loss Factol i3]

Fuel Dil eqw Factar
Fuel Oil eqv Mass Flowrat{ bbIFOEh ~

Simulation  Variables ‘ Reports JF\\es Fesources J Extensions JU\anut J Tray Sizing J Case Toals |

Save Prefmences | [ Save Preferences .. | [¥] Save Preferences fie by defaut Load Preferences
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X

Close icon

UniSim Design has
created a Fluid Package
with the default name
Basis-1. You can
change the name of this
fluid package by typing
a new name in the
Name field at the
bottom of the view.

8. Scroll through the list using either the scroll bar or the arrow keys,
and select MMSCFD.

Your new unit set is now defined.

9. Click the Close icon (in the top right corner) to close the Session
Preferences view.

Next, you will start building the simulation case.

1.2.3 Building the Simulation

In building a simulation case UniSim Design split the configuration
options into two different environment:
e Basis environment enables you to specify the basic information

like components, property package, reactions and so forth
associated to the simulation.

e Case environment enables you to specify the streams and
operation equipment associated to the simulation, and view the
calculated results from the simulation.

Creating a Fluid Package

The next step is to add a Fluid Package. As a minimum, a Fluid Package
contains the components and property method (for example, an
Equation of State) UniSim Design will use in its calculations for a
particular flowsheet. Depending on what is required in a specific
flowsheet, a Fluid Package may also contain other information such as
reactions and interaction parameters.

1. On the Simulation Basis Manager view, click the Fluid Pkgs tab.

2. Click the Add button, and the property view for your new Fluid
Package appears.

Fluid Package: Basis-1

Property Package Selection

Property Package Filter

< NOFE:

Am\nakg || Al Types

Antoire (D ENSs

ASME Steam (O Activity Models
g{"?}"':’nsm 0 () Chan Seader Models
Chisa Basdsr () Wapour Press Models
Chien Mull () Electrolyte Modelz
Clean Fuels Pkg USD () Miscelaneous Types
DER &mine Package

Esso Tabular

Component List Selection

Basis-1 Component List

| Wiew...

Advanced Thermodynamics

[ UniSim Therma

Impart

= Set Up I Parameters J Binary Coeffz J StabTest J Phaze Order JF\xns Tabular J Mates

Name. [Basis1 Propery Pho.
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Steady State Simulation

The property view is divided into a number of tabs. Each tab

contains the options that enables you to completely define the Fluid
Package.

The first step in configuring a Fluid Package is to choose a Property
Package on the Set Up tab. The current selection is <none=>.

For this tutorial, you will select the Peng Robinson property
package.

3. Do one of the following:

e Select <none=> in the Property Package Selection list and type
Peng Robinson. UniSim Design automatically finds the match
to your input.

e Select <none=> in the Property Package Selection list and the up

and down keys to scroll through the Property Package Selection
list until Peng Robinson is selected.

e Use the vertical scroll bar to move up and down the list until
Peng Robinson becomes visible, then select it.

Figure 1.7

Froperty Package Selection -
MEWR 3 Property Package Filter
HES Steam © A Types
Meatec Black Oil O EDSs
WRTL ) Activity Models
OLLElectrabt () Chao Seader Models
PR-Twu () Wapour Press Models
FRSY ) Electiolyte Models
ggb: EEK O Miscellaneous Types
SAK b

The Property Pkg indicator at the bottom of the Fluid Package view
now indicates that Peng Robinson is the current property package
for this Fluid Package. UniSim Design has also automatically created
an empty component list to be associated with the Fluid Package.

Figure 1.8
Companent List 5 election .
| Component List - 1 ﬂ % I~ UniSim Thermo
" set Up | Parameters J Binary Cosffs J StabTest J Phase Order JHxns Tabular J Notes
Gl ) Moo G Froperty Pko -

Alternatively, you could have selected the EOSs radio button in the
Property Package Filter group, which filters the list to display
only property packages that are Equations of State.

The filter option helps narrow down your search for the Peng
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Robinson property package, as shown in the figure below.

Property Package Selection
Property Package Filter

<nonex -~

BwRS O &ll Types
GCEDS () EO05s

Glycol Package O Activity Models

FK.abadi-Danner

Lesk.eslerPlacker © Chao Seader Models
1BWR

() Wapour Press Models
) Electrolyte Models
) Miscellaneous Types

PR-Twu
PRSY
Sour PR b

Creating a Component List

Now that you have selected a property package to be used in the
simulation, the next step is to select the components. You can create a
list of components using the options on the Components tab of the
Simulation Basis Manager view or from the Set Up tab of the Fluid
Package view.

In this tutorial, we will create the component list using the option in the
Fluid Package view:

1. In the Set Up tab, select Component List-1 from the
Component List Selection drop-down list.

2. Click the View button.

The Component List View appears.

* Component List Yiew: Component List - 1
Add Component Selected Components Components Available in the Library
=) Library Components Match
Traditional
OU Electrolyte
UniSim Elec () SimMame (&) Ful Name / Synonym () Formula
- Hypo Components ¢etydd Pure Methane
(Qther Comp Lists Ethane cz CZHE
Propane C3 C3HE
“Btare ) CaH10
nButane n-C4 C4H10
i-Pentane Ch CEH12
nFentane nCh CoH12
nHexane Ch CEH14
n-Heptane c7? C7H1E
nOclane  CB CaH1E
ntonane o] CaH20
n-Decane C10 C10H22
Mitrogen M2 N2
coz coz coz
H25 H25 Has bt
< ¥ Show Synonpms [ Cluster
—
Selected | Companent by Type J Component Databases J
MName | Component List - 1

There are a number of ways to select components for your
simulation. One method is to use the matching feature. Each
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component is listed in three ways on the Selected tab:

Matching Method ‘ Description

Sim Name The name appearing within the simulation.

Full Name/ IUPAC name (or similar), and synonyms for many

Synonym components.

Formula The chemical formula of the component. This is useful
when you are unsure of the library name of a
component, but know its formula.

At the top of each of these three columns is a corresponding radio
button. Based on the selected radio button, UniSim Design locates
the component(s) that best matches the input you type in the
Match cell.

For this tutorial, you will add the following components: N2, CO2,
C1, C2, C3, i-C4 and n-C4.

First, you will add nitrogen using the match feature.

3.

4.

5.

Ensure the Full Name/Synonym radio button is selected, and the
Show Synonyms checkbox is checked.

Move to the Match field by clicking on the field, or by pressing Alt
M.

Type Nitrogen. UniSim Design filters as you type and displays only
components that match your input.

Figure 1.11

Companents Awailable in the Library
Iatch Mitrogen Wiew Filters

() SimMame (&) Full Name / Spronpm () Famula

Mitrogen N2

N2 Mitiogen, Dioside NO2

M204 Mitrogen_Peroxide N204

H204 Mitiogen_T etracxide N204

MitraGlyceri MitiaGlycerine C3HEM309
Show Synanyms [ Cluster

6.

With Nitrogen selected, add it to the current composition list by
doing one of the following:

e Press the ENTER key.

e Click the Add Pure button.

= Double-click on Nitrogen.

In addition to the three match criteria radio buttons, you can also
use the Filters view to display only those components belonging to
certain families.

1-10
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Next you will add CO2 to the component list using the filter feature.
7. Ensure the Match field is empty by pressing Alt M and DELETE.

8. Click the View Filters button. The Filters view appears as shown in
the figure below.

Figure 1.12

* Component List View: Component List - 1 E|@|r5_7| Filters
Property Package Filter
Add C Selected Components Components Available in the Library
B L Componerts | | |y Mateh ([ viewFies. ] [<none> vl
Traditional
OLI Electiolte : §
UniSim Elec O SimMame & Full Name /# Synonym ) Formula Famniy TyFe Filter
- Hypo Camponents NOZ Niragen_Dicvide NOZ [ = Rz
Other Comp Lists N204 Mitrogen_Peroxide N204
Nz04 Mitrogen_T etraoxide Nz204
MitroGlycer MitroGlycerine C3HEM309
< * Show Synonpms [ Cluster
-
Selected | Camponent by Type J Component D atabases ]

9. Select the Use Filter checkbox.

10. CO2 does not fit into any of the standard families, so select the
Miscellaneous checkbox.

11. Scroll down the filtered list until CO2 becomes visible.
12. Add the CO2 component to the component list.

The Match feature remains active when you use a filter, so you
could also type COZ2 in the Match field to find the component.

13. To add the remaining components C1 through n-C4 using the filter,
clear the Miscellaneous checkbox, and check the Hydrocarbons
checkbox.

The following shows you a quick way to add components that appear
consecutively in the library list:

14.Click on the first component in the list (in this case, C1).
15. Do one of the following:

To select multiple non- = Hold the SHIFT key and click on the last component required, in
consecutive this case n-C4. All components C1 through n-C4 will now be
components, use the selected. Release the SHIFT key.

CTRL key.

e Click and hold on C1, drag down to n-C4, and release the
mouse button. C1 through n-C4 will be selected.

16. Click the Add Pure button. The highlighted components are
transferred to the Selected Components list.
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A component can be
removed from the
current components list
by selecting it in the
Selected Components list
and clicking the Remove
button or pressing the
DELETE key.

The completed component list appears below.

Figure 1.13

Selected Components:

Mitrogen
coz
Methane
Ethane
Propane

iButane ¢hld Pure
<-Substitute-»
Sort Ligt

L

Viewing Component Properties

To view the properties of one or more components, select the

component(s) and click the View Component button. UniSim Design

opens the property view(s) for the component(s) you selected. For

example:

1.
2.
3.
4

Figure 1.14

Click on CO2 in the Selected Components list.
Press and hold the CTRL key.

Click on n-Butane. The two components should now be selected.

Release the CTRL key.

Selected Components

Mitrogen

<--Add Pure

<-Substitute->
Remove--»
Sort List
Wiew Compaonent
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5. Click the View Component button. The property views for the two
components appear.

Figure 1.15

& AE3

A n-Butane

Component |dentification

Companent Mame | nButane
Family / Class | Hydrocarban
Chern Formula | C4H10
10 Number | 5
Group Mame |

CAS Mumber | 106-97-8

UNIFAC Structure

[CH3)2 [CH2)2

User ID Tags

Tag Mumber Tag Text
— 1 | <Ermphys Mot Spec'd

tij Ciitical | Point | TDep | UserProp
I [ Delete ] [ Edit Ploperlies]

See Chapter 3 -

Hypotheticals in the The Component property view only allows you to view the pure

UniSim Design component information. You cannot modify any parameters for a

Simulation Basis Guide library component, however, UniSim Design allows you to clone a

for more information ' y p ,» however, '_ ! 19 W y u

about cloning library library component as a Hypothetical component, which you can

components. then modify as required.

If the Simulation Basis 6. Close both of the component views and the Component List view to

Manager is not visible, return to the Fluid Package view.

select the Home View . . . . . .

icon from the toolbar. If your project required it, you could continue to add information
such as interaction parameters and reactions to the Fluid Package.

A | For the purposes of this tutorial, however, the Fluid Package is now

completely defined.
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Enter Simulation
Environment icon

Steady State Simulation

7. Close the Fluid Package view to return to the Simulation Basis
Manager view.

Figure 1.16
* Simulation Basis Manager Elﬁl@

Current Fluid Packages Flowshest - Fluid Pkg Associations
Basiz-1 MC: 2 PF: Peng-Robinzon Flowshest Fluid Pkg To Use
1 Caze (Main] Easiz-1
Add
Drefault Fluid Pkg B asis-1 -

Fluid Plg far Mew Sub-FlawSheets
(#) Use Default Fluid Pkg
() Use Parent's Fluid Pkg

=] Companents  Fluid Pkgs| Hypotheticals JDiIManager JFlaactionsJ Companent Maps J User Properties J

[ Eriter P%T Environment... ] [ Enter Simulation Erwiranment.. ]

The list of Current Fluid Packages now displays the new Fluid
Package, Basis-1, and shows the number of components (NC) and
property package (PP). The new Fluid Package is assigned by
default to the main flowsheet, as shown in the Flowsheet-Fluid
Pkg Associations group. Now that the Basis is defined, you can
install streams and operations in the Main Simulation environment.

8. To leave the Basis environment and enter the Simulation
environment, do one of the following:
e Click the Enter Simulation Environment button on the
Simulation Basis Manager view.
e Click the Enter Simulation Environment icon on the tool bar.

1.2.4 Entering the Simulation
Environment

When you enter the Simulation environment, the initial view that
appears depends on your current Session Preferences setting for the
Initial Build Home View. Three initial views are available:

= PFD
< Workbook
e Summary

Any or all of these can be displayed at any time; however, when you
first enter the Simulation environment, only one appears. In this
example, the initial Home View is the PFD (UniSim Design default
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setting).

3| MoName. usc - UniSim Design
File Edit Simulation Flowsheet PFD Tools ‘Window Help

oW TaaE = P eea
= PED - Case (Main)

HHARP M A7 @8

There are several things to note about the Main Simulation
environment. In the upper right corner, the Environment has changed
from Basis to Case (Main). A number of new items are now available
in the menu bar and tool bar, and the PFD and Object Palette are open
on the Desktop. These latter two objects are described below.

Objects ‘ Description

PFD The PFD is a graphical representation of the flowsheet
topology for a simulation case. The PFD view shows
operations and streams and the connections between the
objects. You can also attach information tables or
annotations to the PFD. By default, the view has a single
tab. If required, you can add additional PFD pages to the
view to focus in on the different areas of interest.

Object A floating palette of buttons that can be used to add
Palette streams and unit operations.

You can toggle the palette open or closed by pressing F4,
or by selecting the Open/Close Object Palette command
from the Flowsheet menu.

1. Before proceeding any further, save your case by doing one of the
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Save icon

When you choose to open an
existing case by clicking the
Open Case icon &/, or by
selecting Open Case from
the File menu, a view similar
to the one shown in Figure
1.18 appears.

The File Filter drop-down list
will then allow you to
retrieve backup (*.bk*) and
HYSIM (*.sim) files and
HYSYS®? (*.hsc) in addition
to standard UniSim Design
(*.usc) files.

Figure 1.18

Steady State Simulation

following:

e From the File menu, select Save.

e Press CTRL S.

e Click the Save icon on the toolbar.

If this is the first time you have saved your case, the Save
Simulation Case As view appears.

Save Simulation Case As
Savein: | 3 BEEE v T e -
3 ;-ﬂ:]Samplas
My Recent
Drocuments
Fr ;%
Desktop
My Documents
5
ty Computer
@ e .
>
by Metwark Save as type: UniSim Design Simulation Case [“usc) “

1. HYSYS® is a registered
trademark of Aspen
Techology.

Workbook icon

2.

By default, the File Path is the Cases sub-directory in your UniSim
Design directory.

In the File Name cell, type a name for the case, for example
GASPLANT. You do not have to enter the *.usc extension; UniSim
Design automatically adds it for you.

Once you have entered a file name, press the ENTER key or click
the Save button.

UniSim Design saves the case under the name you have given it
when you save in the future. The Save As view will not appear
again unless you choose to give it a new name using the Save As
command. If you enter a name that already exists in the current
directory, UniSim Design will ask you for confirmation before over-
writing the existing file.

1.2.5 Using the Workbook

The Workbook displays information about streams and unit operations
in a tabular format, while the PFD is a graphical representation of the
flowsheet.

1.

Click the Workbook icon on the toolbar to access the Workbook
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view.

Installing the Feed Streams

In general, the first action you perform when you enter the Simulation
environment is installing one or more feed streams. The following
procedure explains how to create a new stream.

UniSim Design accepts 1. On the Material Streams tab of the Workbook, type the stream
blank spaces within a name Feed 1 in the cell labelled **New**, and press ENTER.
stream or operation o ] ] ] ]
name. UniSim Design will automatically create the new stream with the

name defined above. Your Workbook should appear as shown

below.

Figure 1.19
Workbook - Case (Main) H[=]

Mame Feed | = Mew =

“/apour Fraction {EMmply

Temperature [F] <emply>

Pressure [psia] <emplys

Malar Flow [MMSCFD] {emplys

tags Flaw [Ib/hr] <Lemply
Liquid Wolume Flaw [barrel/day] <Lemply
Heat Flows [Btushr] LEmplys

= - ™ P
Material Slleamsl Compositions I Energy Streams I Urit Ops |

FroductBlock_Feed 1 FudPkg[al =]
FeedeBlack_Feed 1
[ Include Sub-Flowsheets
[ Show Name Only
¥ Horizontal katrix Number of Hidden Objects: 1]

When you pressed ENTER after typing in the stream name, UniSim
Design automatically advanced the active cell down one to Vapour
Fraction.

Next you will define the feed conditions.

2. Move to the Temperature cell for Feed 1 by clicking it, or by
pressing the DOWN arrow key.

3. Type 60 in the Temperature cell. In the Unit drop-down list,
UniSim Design displays the default units for temperature, in this
case F. This is the correct unit for this exercise.

4. Press the ENTER key.

Your active location should now be the Pressure cell for Feed 1. If
you know the stream pressure in another unit besides the default
unit of psia, UniSim Design will accept your input in any one of the
available different units and automatically convert the supplied
value to the default unit for you. For this example, the pressure of
Feed 1 is 41.37 bar.
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1. In the Pressure cell, type 41.37.

2. Click the =] icon in the Unit drop-down list to open the list of units,
or press the SPACE BAR to move to the Units drop-down list.

3. Either scroll through the list to find bar, or begin typing it. UniSim
Design will match your input to locate the required unit.

Figure 1.20

Workbook - Case [Main] =10] x|
Marme Feed1 = Mew =
" apour Fraction CEmplys
Temperature [F] E0.00
Pressure [psia] 41.37 bar =

Malar Flow [MMSCFD] E.000  har i
Mazs Flaw [Ibhr] <emplys | Mim2
Liquid Yolume Flaw [barrel/day] <emptys | 3

at
Heat Flow [Btuthr] <emphys kglem?
psia
It ft2 =

4. Once bar is selected, press the ENTER key.

UniSim Design will automatically convert the pressure to the default
unit, psia, and the active selection moves to the Molar Flow cell for
Feed 1.

5. In the Molar Flow cell, type 6 and press ENTER. The default Molar
Flow unit is already MMSCFD, so you do not have to modify the
units.

Providing Compositional Input

In the previous section you specified the stream conditions in the
Workbook property view. Next you will input the composition
information in the Stream property view.

1. Close the Workbook view.

The PFD becomes visible and displays a light blue arrow on it,
labeled Feed 1. That arrow is the stream Feed 1 that you just
created.
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2. Double-click the blue arrow. The Feed 1 view appears.

Figure 1.21
[ feedt ____________________________ MBEK]

Feed 1 =] 3
Worksheet Stream Mame Feed 1
. Wapour # Phase Fraction <EMpty:
H gundltpns Temperature [F] B0.00
roperties B
Composiion Fressure [psia] E00.0
Molar Flow [MMSCFD] £.000
K Walue . Mazs Flaw [Ibshi] <emply
Useraniables |61 |daal Lig Vol Flow [banel/day] Zempiy>
: Hotez Molar Enthalpy [Btulbmole] < mptys
- Cost Parameters | [Molar Entropy [Btu/lbmaole-F] <Emplys
Heat Flow [Etuhr] CEMmplYs
Lig %al Flow &5td Cond [barrel/day] <emply>
Fluid Package Basis - 1

_— -
Wolksheell Attachments I Dynamics |

Unknown Compasitions

Define from Other Stream... e =5

3. Click on the Composition page. By default, the components are
listed by Mole Fractions.

Figure 1.22

Worksheet i —Mole Fralion T

- ittogen Semply

Elondltpns coz <emply>

Properties |Methane <emply

7 |Ethane <emply:

¥ Walin Fropane <EMpy:

. [i-Butane <emplys

UserVarisbles |[oplane <emply>
- Motes
" Cast P

Total [0.00000

Edit.. | Edit Properties.. | Basis... |

n—
Wolksheell Attachments I Dyriamics |

4. Click on the Mole Fractions cell for the first component, Nitrogen.
5. Type 0.01 and press ENTER.
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The Input Composition for Stream view appears.

Input Composition for stream: Feed 1 | x|
' —Composition Basis—————
|Nitrogen 00100 * Muole Fractions
CoOZ {ermpty .
[Methane RED " Mass Fractions
| Ethane <EMmpty " Lig ¥olume Fractions
Fropane <Emply:
BT e = Mole Flaws
n-Butane <Empiy> " Mass Flows

i Lig Wolume Flows

—Composition Controls————

Eraze |

MNormalize |

Cancel |

Total (00100

Ok I

This view enables you to access certain features designed to
streamline the specification of a stream composition and complete
the stream’s compositional input.

The following table lists and describes the features available on the
Input Composition for Stream view:

Composition Input

Composition Basis

Radio Buttons

Feature Description

Allows you to input the stream composition in
some fractional basis other than Mole Fraction, or
by component flows, by selecting the appropriate
radio button before providing your input.
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These are the default
colours; yours may
appear different
depending on your
settings on the Colours
page on the Resources
tab of the Session
Preferences view.

Composition Input ‘ Feature Description

Normalizing The Normalizing feature allows you to enter the
relative ratios of components; for example, 2 parts
N2, 2 parts CO2, 120 parts C1, etc. Rather than
manually converting these ratios to fractions
summing to one, enter the individual numbers of
parts and click the Normalize button. UniSim
Design will compute the individual fractions to
total 1.0.

Normalizing is also useful when you have a stream
consisting of only a few components. Instead of
specifying zero fractions (or flows) for the other
components, enter the fractions (or the actual
flows) for the non-zero components, leaving the
others <empty>. Click the Normalize button, and
UniSim Design will force the other component
fractions to zero.

Calculation status/ As you input the composition, the component
colour fractions (or flows) initially appear in red,
indicating the final composition is unknown. These
values will become blue when the composition has
been calculated. Three scenarios will result in the
stream composition being calculated:
= Input the fractions of all components,
including any zero components, such that
their total is exactly 1.0000. Then click the
OK button.
= Input the fractions (totalling 1.000), flows or
relative number of parts of all non-zero
components. Click the Normalize button,
then the OK button.
* Input the flows or relative number of parts of
all components, including any zero
components, then click the OK button.

6. Click on the Mole Fraction cell for CO2, type 0.01, then press
ENTER.

7. Enter the remaining fractions as shown in the figure below.

Figure 1.24

Input Composition for Stream: Feed 1 | x|
7 —Caomposition Basi:
Nitrogen L0100 i Mole Fractions
_C?atzhane gagg " Mass Fractions
| Ethane: 2000 i Lig Yolume Fractions
Propane L1000
[ Butans 0400 " Mol=Flaws
r-Butane 0400 i Mass Flows

" Lig Volume Flows

~Composition Contrals————

Eraze |

Momalize |

Cancel |
Total [1.0000 0k I

When you have entered the fraction of each component the total at
the bottom of the view will equal 1.0000.
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8. Click the OK button, and UniSim Design accepts the composition.
The stream is now completely defined, so UniSim Design flashes it
at the conditions given to determine its remaining properties.

Figure 1.25

Feed 1 [-[O]x]
‘Worksheet T —
Condttions [ L]
Properties |Methane LE00000
Composition | Ethane 0200000

Propane 0.100000
sl [ Butane 0,040000
UserVariables | |{ Bitane 0,040000
Motes
Cost P
<] ol
Total IT.DDDUD
Edit.. | Edit Properties... | Basjz... |

— -
W’olksheell Attachments I Dynamics |

S —
Delete | Diefine from Other Stream... | L] =5

9. Close the Feed 1 property view and access the Workbook view by
clicking on the Workbook icon .

10. Ensure that the Material Streams tab is active.

The properties of Feed 1 appear below. The values you specified are
blue and the calculated values are black.

Figure 1.26

[ Vorkbook—Case oty =]
Name Feed 1 # Mew =

¥ apour Fraction 0.8352

Temperature [F] B0.00

Fressure [psia] B00.0

alar Flow [MMSCFD] £.000

azs Flaw [Ib/hr] 1.675e+004

Liquid Yolume Flow [barrel/day] 3012

Heat Flow [Btuthr] -2 553e+007

Material Streams | Compositions I Energy Streams IUnltDps ]

ProductBlock_Feed 1 Fluid Pkg I Al -
[ Include Sub-Flowshests
] Show Name Only
¥ Harizontal b atrix Murnber of Hidden Objects: 1}

FeederBlock_Feed 1

If you want to delete a stream, click on it in the PFD, then
press the DELETE key. UniSim Design will ask for
confirmation before deleting.

You can also delete the stream using the Delete button on
that stream’s view.
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Add Object
Icon

Cage (Main] x|
@ X
=>

Material
Stream Icon

All these variables are in

the default units.

Alternative Methods for Defining Streams

In addition to the method you just learned, there are several
alternative ways to define streams.

1.
2.

Access the Object Palette by pressing F4.
Do any one of the following:

e Press F11.
* From the Flowsheet menu, select Add Stream.
< Double-click the Material Stream icon on the Object Palette.

e Click the Material Stream icon on the Object Palette, then click
on the Add Object icon.

Each of the above four methods creates a new stream and access
the property view of the new stream.

The new stream is named according to the Automatic Naming of
Flowsheet Objects setting defined in the Session Preferences
(Simulation tab, Naming page). UniSim Design names any new
material streams with numbers starting at 1 and any new energy
streams starting at 100.

When you initially access the stream property view, the
Conditions page on the Worksheet tab is the active page, and 1
appears in the Stream Name cell.

In the Stream Name cell, replace the name by typing Feed 2, then
press ENTER.

Enter the following values:

e Temperature: 60
e Pressure: 600
e Molar Flow: 4

Figure 1.27

Feed 2 =]
Worksheet Stream Mame Feed 2
M i ‘apour / Phase Fraction <emply>
. Propetties Temperatule: [F1 B0.00
- Props
Compostion Pressure [psia] E00.0
Molar Flow [MMSCFD] 4.000
- KValue Mass Flow [Ib/hi] e
Userariables Std Ideal Liq ol Flow [barrel/day] <emplys
Hates Maolar Enthalpy [Etuflbmole] < Bty
- Cost Parameters |[Malar Entropy [Btu/lbmalzF] <Emply:
Heat Flow [Btushr] <emply>
Lig %al Flow &5td Cond [barrel/day] <emply
Fluid Package Basiz - 1

— n
Wolksheell Attachments I Dyriamics |

[ Unknown Compositions

Delete | Defing from Other Stream... + =
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5. Select the Composition page and click the Edit button.

The current Composition The Input Composition for Stream view appears.
Basis setting is the

Preferences default. You Fi 128
must enter the stream
composition on a mass

basis. Input Composition for Stream: Feed 2 | x|

7 —Caomposition Basi:
Nitrogen Lempli i Mole Fractions
Coz2 <EMmpty>

| Methane <Emply:
| Ethane: LErmptys " Lig Yolume Fractions
Fropane <Empiy>
[ Butans R  Mole Flaws
n-Butane L EMmpty: i Mass Flows

" Mass Fractions

" Lig Volume Flows

~Composition Contrals————

Eraze |

Momalize |

Cancel |
Totgl  |0.0000 0k I

2

Change the Composition Basis to Mass Fractions by selecting the
appropriate radio button, or by pressing ALT N.

N

Click on the compositional cell for Nitrogen, type 6 for the number
of parts of this component, then press ENTER.

®©

Press the DOWN arrow key to move to the input cell for Methane.
Feed 2 does not contain CO2.

©

Input the number of mass parts for the remaining components as
shown in the following figure.

Figure 1.29

i Compasition B asi
Nitragen £.0000 = Mols Fractions
C?atzhane | 2U<§Fm£+%> i+ Mass Fractions
::thane E.0000e-+0 = Lig Wolume Fractions
Propane E.0000e+0
e 3.0000e+0 ' Moz Flows
n-Butane 2 000+ = Mass Flows

" Lig Volume Flows

Caomposition Controls—————

Erase |

Mormalize |

Cancel |
Tatal IS.UDUDe+02 K. |

10. Click the Normalize button once you have entered the parts, and
UniSim Design will convert your input to component mass fractions.

For CO2 (the component you left <empty>), the Mass
Fraction was automatically forced to zero.
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Figure 1.30

Nitrogen 0.0200
coz 0.0000
| Methane 0.4000
|Ethane 2000
Fropane 0.2000
[i-Butane 01000
ti-Butane 0.0300
Tatal I'I 0ooo

11. Click the OK button to close the view and return to the stream
property view.

UniSim Design performed a flash calculation to determine the
unknown properties of Feed 2, as indicated by the green OK status
in the status bar.

Figure 1.31

Feed 2 M=l E3
Worksheet i —
Mitrogen 0.020000
Conditions coz 0.000000
Properties |Methane 0400000
P [Ethane 0.200000
Composition Propane 0.200000
[i-Butane 700000
K Value n-Butane 0.050000
Uzer Vanables
Motes Bl +
Cost Parameters Total [T.00000
i Edit Properties | Basjz |

-— -
Wolksheell Attachments I Dynamics |

S —
Delete | Define from Other Stream... | L =

For streams with multiple phases, you can view the properties of
each phase using the horizontal scroll bar in the table on the
property view, or drag and expand the stream property view to
see all the phase columns.

Compaszitional B asi

~

To expand the property view, move your cursor over the right
border of the view. The cursor becomes a sizing arrow. With the
arrow visible, click and drag to the right until the horizontal

" Liquid ¥olurne Fractions

= Mole Flows scroll bar disappears, leaving the entire table visible.
= Mass Flows L. . . .
¢ Liguid Volums Flaws The compositions currently appear in Mass Fraction. To change this,

click the Basis button, then select the appropriate radio button in
the Composition Basis group of view that appears.
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To view the calculated stream properties, click the Conditions

page. New or updated information is automatically and instantly

transferred among all locations in UniSim Design.

Figure 1.32

Feed 2

Compogzition
K. W alue
Uzer Yariables
Motes

- Cost Parameters

1[=] E3

Stream Mame Feed 2 ‘Wapour Phase Liquid Phase
‘Wapour / Phaze Fraction 0.9013 0.9013 0.0987
Temperature [F] E0.00 E0.00 E0.00
Prezzure [psia] 6000 600.0 600.0
tolar Flow [MMSCFD] 4.000 3605 03343
I azs Flow [Ib/hr] 1.100e+004 5231 1764
Std Ideal Lig Yol Flow [barrel/day] 1983 173 2521
Molar Enthalpy [Bhu/lbmale] -3.70Ee+004 -3.553e+004 -5.096e-+004
Malar Entropy [Btudlbmale-F] 3555 36.63 2573
Heat Flow [Bitushr] -1.628e+007 -1.407e+007 -2.210e+008
Lig Vol Flow @Std Cond [barrel/day] Lemply: <emplys Zh8 8
Fluid Fackage Bagiz - 1

Delete |

— -
W’olksheell Attachments I Dynamics |

Define from Other Stream...

Viewing a Phase Diagram

You can view a phase diagram for any material stream using the UniSim
Design Envelope Utility.

1. On the property view for stream Feed 2, click the Attachments tab,
then select the Utilities page.

2. Click the Create button to create a phase envelope for the stream.
The Available Utilities view appears, displaying a list of UniSim
Design utilities.

3. Do one of the following:

e Select Envelope and click the Add Utility button.
< Double-click on Envelope.

Figure 1.33

Available Utilities IS E3 I

BP Curves

Critical Property
Diynamic D eprezsurin

Hydrate Formation
Petraleum Assay
Fipe Sizing
Property Table
User Property

Add Ltity

The Envelope Utility view appears. UniSim Design creates and
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displays a phase envelope for the stream. Just as with a stream, a
Utility has its own property view containing all the information
needed to define the utility. Initially, the Connections page of the
Design tab appears.

A Utility is a separate entity from the stream to which it is
attached; if you delete it, the stream will not be affected.

Likewise, if you delete the stream, the Utility will remain but
will not display any information until you attach another
stream using the Select Stream button.

The Design tab allows you to change the name of the Utility and the
stream that it is attached to, and view Critical Values and Maxima.

Figure 1.34

Envelope: Envelope Utility-1

Design Mame rivelope Uty | UniSim Design Two-Phase ﬂ
Connections Stream  Feed2 Select Stream...
hote: Critical Yalues
Two-Phase Critical Temperaturs | 51.80F
Two-Phaze Ciitical Pressure | 1477 psia
Three-Phage Critical Temperaturs | <Lemply
Three-Phaze Critical Pressure | <LEmplis
b aximar
Cricondentherm | HMTFIF
Cricondenbar | 1477 psia

tDesign Performance | Dynamics

Delete I lgnared
To make the envelope 4. Click the Performance tab, then select the Plots page.
property view more )
readable, maximize or The default Envelope Type is PT.
re-size the view.
Figure 1.35
[ ErvelopesEmvelope tiy-1 ]
Performance Curves
e Qualie 1 ] <emptys
it = it Quality 2 <Emphy>
Table = 7] || Hedrate
o e / 1 ™| Ouerride Miodel
5 ol nfiuu
HpA S / f
g it S f Clear |
— /{ Ervelope Typ
e @ PT TV
= CORY CTH
3 ST e | | @ F @7
Tempertire () ' PS
Diesign Pelfolmancel Dipnamics
3
Delste | [ lgnored
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To view another envelope type, select the appropriate radio button

in the Envelope Type group. Depending on the type of envelope
selected, you can specify and display Quality curves, Hydrate

curves, Isotherms, and Isobars.

To view the data in a tabular format, select the Table page.

5. Close the Utility view.

For more information about defining utilities, refer to Section 7.27

- Utilities in the UniSim Design User Guide.
6. Close the Feed 2 view.

1.2.6 Installing Unit Operations

In the last section you defined the feed streams. Now you will install the

necessary unit operations for processing the gas.

Installing the Mixer

The first operation that you will install is a Mixer, used to combine the
two feed streams. As with most commands in UniSim Design, installing
an operation can be accomplished in a number of ways. One method is

through the Unit Ops tab of the Workbook.
1. Click the Workbook icon to access the Workbook view.
2. Click the Unit Ops tab of the Workbook.

[_[O]]

Workbook - Case (Main}

Namne

Obiject Type

Inlet

Outlet

Yiewlnip |

fdd UritOp

Delete UnitOp |

= I aterial Streams I Compozitions I Energy Streams Unill:lpsl

[ Include Sub-Flawshests

3. Click the Add UnitOp button.
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You can also double-
click an operation to
install it.

The UnitOps view appears, listing all available unit operations.

Figure 1.37
UnitOps - Case (Main) E@
Categoiies Ayvailable Unit 0perations
@ Al Unit Ops 3 Phase Separator »
o 3 Stripper Crude
(" Vessels i 4 Stipper Crude Cancel
" Heat Transfer Equipment AL
" Rotating Equipment Adjust
¢ Piping Equipment Aircooler
£ Solids Handing Dadhaehilcr
o F!eac:t.ors Binary graph generator
€ Prebuilt Calumns Elack Dil Translator
" Short Cut Calumns Boolean And
 SubFlowshests Eoolean CountD own
5 EBoolean Countlp
" Logicals Boolean Latch
" Extensions Boolean Hat
 User Ops Eoolean OfDy
" Electrolpte Equipment gﬁg}::: SPDW
" Refinery Ops Boolean X0r
" Upstream Ops BF Curve Plotter s

P

o

Select Mixer by doing one of the following:
e Click on an operation in the Available Unit Operations list and
type mixer.

e Click on an operation in the Available Unit Operations list an
press the DOWN arrow key to scroll down the list of available
operations to Mixer.

e Scroll down the list using the vertical scroll bar and click on
Mixer.

With Mixer selected, click the Add button or press the ENTER key.
You can also use the filters to find and add an operation. For
example, select the Piping Equipment radio button under
Categories. A filtered list containing just piping operations appears
in the Available Unit Operations group.

The Mixer property view appears.

Figure 1.38

MIX-100 H[=] E3

Design Mame |MI<-100

Connections

—_—]
Farameters

Motes

User Yariables >

—
Injets Outlet
<< Stream >3 hd
Fluid Package
Basis-1 x

—
Design | Rating I wWorksheet I Dynamics
i Delete |

™ lanored

As with a stream, a unit operation’s property view contains all the
information defining the operation, organized in tabs and pages.
The four tabs shown for the Mixer, namely Design, Rating,
Worksheet, and Dynamics, appear in the property view for most
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See Section 12.2.4 -
Naming Page in the
UniSim Design User
Guide for detailed
information on setting
your Session
Preferences.

Alternatively, you can
make the connections
by typing the exact
stream name in the cell,
then pressing ENTER.

operations. More complex operations have more tabs. UniSim
Design provides the default name MIX-100 for the Mixer.

As with streams, the default naming scheme for unit operations can
be changed on the Session Preferences view.

Many operations, such as the Mixer, accept multiple feed streams.
Whenever you see a table like the one in the Inlets group, the operation
will accept multiple stream connections at that location. When the
Inlets table has focus, you can access a drop-down list of available
streams.

6.

Click the <<Stream=>=> cell.

The status bar at the bottom of the view shows that the operation
requires a feed stream.

Open the <<Stream=>> drop-down list of feeds by clicking on =|
or by pressing the F2 key and then the DOWN arrow key.

Figure 1.39

MIX-100 !Iﬂﬁ
Design Mame IMIX-1DD
Connections
Parameters _\
Uzer Yariables
Motes : _/
—_—
Irlets Outlet
=l I -
Feed 1
F:zd 2 Fluid Package
IBasls-'I hd
—
Design I R ating I ‘wioikshest I Dynamics |
Delete | ™ lgnored

Select Feed 1 from the list. The stream is added to the list of Inlets,
and <<Stream>> automatically moves down to a new empty cell.

Repeat steps 6-8 to connect the other stream, Feed 2.
The status indicator now displays ‘Requires a product stream’.

10. Click in the Outlet field.
11. Type MixerOut in the cell and press ENTER.

UniSim Design recognizes that there is no existing stream named
MixerOut, so it will create the new stream with this name.

The status indicator now displays a green OK, indicating that the
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operation and attached streams are completely calculated.

Figure 1.40
MIX-100 =] E3
Design Mame I"“'”><"I an

Connechions

]
Farameters _\
Uzer ariables
Motes ; _/
]
Inlets Outlet
Feedi [Mietw =]
Feed 2 :
|| <<Sheam:> Fluid Package
IBasws-‘I vl

—
Design I R ating I Wiotksheet I Dyriamics |

Delete |

I~ lgnored

12.Click the Parameters page.

13. In the Automatic Pressure Assignment group, leave the default
setting at Set Outlet to Lowest Inlet.

Figure 1.41

MIX-100 =] E3

Design

Connections

—_—
Parameters _\
Uzer Variables
Motes : _/
—_—

"Aulomatic Preszure Assignment———————————————

i Equalize Al
% Set Outlet to Lowest Inlet

i
Design I R ating I ‘wioiksheet I Dyriamics |

™ lgnored

UniSim Design has calculated the outlet stream by combining the
two inlets and flashing the mixture at the lowest pressure of the
inlet streams. In this case, both inlets have the same pressure (600
psia), so the outlet stream is set to 600 psia.
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The Conditions page is a
condensed Workbook
page, displaying only
those streams attached
to the selected
operation.

14. To view the calculated outlet stream, click the Worksheet tab and

select the Conditions page.

Figure 1.42

MIX-100 1= B3
Worksheet Mame Feed1 Feed 2 MierCut
Conditions apour 0.8952 0.5013 0.8376
Temperature [F] B0.00 E0.00 60.00
Properties Pressure [psia) 500.0 G00.0 500.0
Composition Malar Flows [MMSCFD] £.000 4.000 10.00
FF Specs Mass Flaw [Ib/hr] 1.675e+004 1.100=+004 2.775e+004
Std Ideal Lig Yol Flow [barrel/day] 302 1983 43395
Halar Enthalpy [Btu/lbmale] 3.874e+004 | -3706e+004 | -3.807e+004
Malar Entropy [Btudlbmale-F] B/ 3555 35.66
Heat Flow [Btuthr] -2853e+007 | -1.628e+007 | -4.160e+007

Diesign | Rating Wolksheell Dynamics |
Dekts | I [ lorored

15. Now that the Mixer is completely known, close the view to return to

the Workbook. The new operation appears in the table on the Unit
Ops tab of the Workbook.

Figure 1.43

Workbook - Case {Main) | _ (O] x|
Mame Obiject Type Inlet Outlet Ignored| Calc. Level
X Feed 1 .
bl:-100 Miner MinerOut | [ 500
Feed 2
Wiew UnitOp | Add UnitOp | Delete UnitOp

N tdaterial Streams I Compositions I Energy Streams  Unit Elpsl

Feed
Feed 2
hixerDut [ Include Sub-Flawsheets

The table shows the operation Name, its Object Type, the attached
streams (Feeds and Products), whether it is Ignored, and its
Calculation Level.

When you select an operation in the table and click the View
UnitOp button, the property view for the selected operation
appears. Alternatively, double-clicking on any cell (except Inlet,
Outlet, and Ignored) associated with the operation also opens the
operation property view.

When any of the Name, Object Type, Ignored, or Calc. Level
cells are active, the box at the bottom of the Workbook displays all
streams attached to the current operation. Currently, the Name cell
for MI1X-100 has focus, and the box displays the three streams
attached to this operation.
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You can also open the property view for a stream directly from the
Unit Ops tab. To open the property view for one of the streams
attached to an operation, do one of the following:

 Select the operation in the Unit Ops tab and double-click on the
stream you want to access in the list at the bottom of the
Workbook view.

= Double-click on the Inlet or Outlet cell of the operation. The
property view for the first listed feed or product stream appears.

Installing the Inlet Separator

Next you will install and define the inlet separator, which splits the two-
phase MixerOut stream into its vapour and liquid phases.

1. In the Workbook property view, click the Unit Ops tab.

2. Click the Add UnitOp button. The UnitOps view appears. You can
also access the Unit Ops view by pressing F12.

3. In the Categories group, select the Vessels radio button.
4. In the list of Available Unit Operations, select Separator.

5. Click the Add button. The Separator property view appears,
displaying the Connections page on the Design tab.

6. In the Name cell, change the name to InletSep and press ENTER.

7. Move to the Inlets list by clicking on the << Stream=>= cell, or by
pressing ALT L.

8. Open the drop-down list of available feed streams.
9. Select the stream MixerOut by doing one of the following:

e Click on the stream name in the drop-down list.

e Press the DOWN arrow key to highlight the stream name and
press ENTER.

10. Move to the Vapour Outlet cell by pressing ALT V.

11. Create the vapour outlet stream by typing SepVap and pressing
ENTER.
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An Energy stream could
be attached to heat or
cool the vessel contents.
For this tutorial, however,
the energy stream is not
required.

The Volume, Liquid
Volume, and Liquid Level
default values generally
apply only to vessels
operating in dynamic
mode or with reactions
attached.

12. Click on the Liquid Outlet cell, type the name SeplLiq, and press
ENTER. The completed Connections page appears as shown in the

following figure.

Figure 1.44

InletSep =]
Design Hame |rletSep
C 3 Inlets
tizerOut Wapour Outlet |Sepvap hd
Parameters <4 Biream »»
User Variables
Naotes

Wessel Fluid Package Liquid Outist
Basiz - 1 -

i Design | Feactions J Fating J ‘warksheet J Dynamics J

Delcte | I [ oo

13. Select the Parameters page. The current default values for Delta P,

Volume, Liquid Volume, and Liquid Level are acceptable.

Figure 1.45

Design

Connections DetaP
Inlet [psi] |_| 0.0000
Parameters “Wapour outlet [psi] | 0.0000

. olume
Uszer Yariables =

Notes L 1]

Liquid Yolume

i
B~ Liquid Level [F0.00%

Type
{* Separatar {" 3Phase Sep " Tank

= :
Design | Reactions JFlalmg J Wirkzheet J Dynamics J
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)

Heat Exchanger Icon

14. To view the calculated outlet stream data, click the Worksheet tab,
then select the Conditions page. The table appearing on this page
is shown below.

Figure 1.46

Worksheet Mame Mixerdut Seplig Septap
o Yapour 0.8576 0.0000 1.0000
Conditions [Ere=rEE] £0.00 £0.00 £0.00
Propertiez Preszure [pzia] E00.0 EO0D.0 E00.0
. Molar Flow [MMS5CFD] 10.00 1.024 8576
Sl Mass Flow [Ib/hi] 27754004 4564 | 2.3182+004
PF Specs Std Ideal Lig ol Flow [barel/day] 4395 B52.3 4342
Holar Enthalpy [Bhu/lbmale] -3.007e+004 | B122e+004 | -3.657=+004

Malar Entropy [Btudlbmale-F] 3566 25.87 3677

Heat Flow [Btushi] -4.180e+007 | 5.756e+005 | -3.6052+007

15. When finished, click the Close icon to close the separator property
view.

Installing the Heat Exchanger

Next, you will install the gas/gas exchanger.

1. Access the Object Palette by pressing F4.

2. On the Object Palette, double-click the Heat Exchanger icon.
The Heat Exchanger property view appears.

Figure 1.47

E-100 M=l E3

Design Tube Side Inlet Marne IE -100 Shell Side Inlet

Connections

Parameters _’_r

Specs
. Tube Side Shell Side
User Y ariables
Tubeside Flowsheet S hellside Flowsheet
Notes Case [Main] Case [Maln]

Tul_:a Side Outlet Shell Side Outlet

- -
Tube Side Fluid Pkg Shell Side Fluid Plkg
IBasis-‘I 'l IBasis-‘I 'l

-
Dexignl Rating I Wiorksheet I Performance I Dyharnics I HTFS - TASC |

peie | S Upoxe | loroed

The Connections page on the Design tab is active.

3. In the Name field, change the operation name from its default E-
100 to Gas/Gas.
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You will have to create all
streams except SepVap,
which is an existing
stream that can be
selected from the Tube
Side Inlet drop-down
list.

Create the new streams
by selecting the
appropriate input field,
typing the name, then
pressing ENTER.

4. Attach the Inlet and Outlet streams as shown below, using the

methods learned in the previous sections.

Figure 1.48

Design Tube Side nlst Mame |Gas/Gas Shell Side Inlet
Connections Gepiap = LTSVap
Parameters 4:'_'_ _'_f
Specs

X Tube Side Shell Side
User Yariables . -
| Tubeside Flowshest | Shelside Flowsheet
Notes U Caze [t ain] Caze [ ain |
L —
Tube Side Outlet Shel Side Outlet
CoolG as - SalesGas
Tube Side Fluid Pka Shell Side Fluid Pkg
Easis-1 hd Easis-1
= Design | Fating J ‘Worksheet J Performance J Dynamics J HTFS - TASC J

5. Click the Parameters page.

The Exchanger Design (End Point) is the acceptable default
setting for the Heat Exchanger Model for this tutorial.

6. Enter a pressure drop of 10 psi for both the Tube Side Delta P and

Shell Side Delta P.

Figure 1.49

Heat Exchanger Modet

Heat Leak/Loss

{(* Mone " Extremes  { Proportional

Shell Side

peteP
L&

Design
Conmections | Exchanger Design [End Point] j
P L
Specs X

X Tube Side
User Yariables
Notes Delta P
10.00 pzi

E xchanger Geometry
[+ Calculate Ft Factor

=

| Tube Passes per Shell | Shel Passes | Shells In Series First Pass Shell TEMA Type

H

1 1 Caounter H

—
Design | Rating J Workshest J Performance J Dynamics J HTFS - TASC J

7. Click the Rating tab, then select the Sizing page.
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Notice how partial
information is passed
(for stream CoolGas)
throughout the
flowsheet. UniSim
Design always
calculates as many
properties as possible
for the streams based
on the available
information.

In the Configuration group, click in the Tube Passes per Shell cell
and change the value to 1, to model Counter Current Flow.

Figure 1.50
Rating Sizing Data :
- & Dverall ¢ Shell " Tube ‘ I™" Accept any input data
Sizing = - =
Parameters Configuratior Calculated Information
Mumber of 5hell Passes 1 Shell HT Coeff [Btushr-it2-F] <emply:
Mumber af Shells in Series 1 Tube HT Coeff [Btu/hr-ft2-F] <emplys
Mumber of Shells in Parallel 1 Overall U [Btudhr-ft2-F] {emplys
Tube Paszes per Shel 1 Overall U [Bru/F-hi] <Lemply
Erchanger Qrientation Harizontal Shell DP [psi] 10.00
First Tube Pazs Flow Direction Counter Tube DP [psi] 10.00
Elewvation (Baze] 0.0000 Heat Tranz. Area per Shell [ft2] 649.3
Tube Yolume per Shell [ft3] E.816
TEMA Type | A& | E-| L ShellYolume per Shel [ft3] 80.24

D esign Ralingl ‘worksheet I Perfoimance I Dynamics I HTFS - TAsC |

9. A warning appears to remind you that the number of tube passes

must be an even multiple of the shell passes. Click the OK button.

Workbook view.

10. Close the Heat Exchanger property view to return to the

11.Click the Material Streams tab of the Workbook.

Figure 1.51

Workbook - Case (Main} [_ O] =]
Mame Feed 1 Feed 2 Mizerdut Sepiap | |
W apour Fraction 0.8952 0.9013 0.8976 1.0000 J
Temperature [F] E0.00 E0.00 E0.00 E0.00
Pressure [psia] E00.0 E00.0 E00.0 E00.0
tolar Flows [MMSCFD] E.000 4.000 10.00 8.976
Maszs Flow [IbAhr] 1.675e+004 1.100e+004 2.775e+004 2.318e+004
Liguid “/olume Flow [barrel/dap] 3amz 1983 4935 4342
Heat Flow [Btushr] -2.553e+007 -1.628e+007 -4.180e+007 -3.605e+007
MHame Seplig LT5Yap CoolGas SalesGas
W apour Fraction (0.0000 <emplys <empty> <emplys
Temperature [F] E0.00 <emphy> <emphy> <emply
Pressure [psia] E00.0 <emphys 550.0 <emphy
tolar Flaw [MMSCFD] 1.024 <emplys 8976 <emplys
Masz Flow [Ib/hi] 4564 < empkys 2.318e+004 <emply
Liguid “/olume Flow [barrel/dap] B529 <Empty: 4342 CEmply
Heat Flow [Btushr] -5.756e+006 <emphy: <empty: <emply LI

N Material Streams | Compositions I Energy Streams I Urit Ops |
F_ Fluid Pka [ &1 -
Ml<-100
[ Include Sub-Flawsheets
[ Show Name Orly
v Horizontal Matrix MNurnber of Hidden Objects: 1]

Stream CoolGas has not yet been flashed, as its temperature is
unknown. The CoolGas stream is flashed later when a temperature
approach is specified for the Gas/Gas heat exchanger.
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Any utilities attached to
the stream with the
Workbook active also
appears in (and are
accessible through) this
list.

1.2.7 Using Workbook Features

Before installing the remaining operations, you will examine a number
of Workbook features that allow you to access information quickly and
change how information is displayed.

Accessing Unit Operations from the

Workbook

There are several ways to open the property view for an operation

directly from the Workbook. In addition to using the Unit Ops tab,

you can use the following method:

1. Click one of the Workbook stream tabs (Material Streams,

Compositions, or Energy Streams).
The list at the bottom of the Workbook view displays the operations

to which the selected stream is

2. Click on any cell associated with the stream SepVap.

attached.

The list at the bottom displays the names of the two operations,

InletSep and Gas/Gas, to which this stream is attached.

3. To access the property view for either of these operations, double-

click on the operation name.

Figure 1.52

Stream SepVap is the current
Workbook location.

Workbook - Case (Main}
Mame Feed1 Feed 2 Iizerdut Y Sepiap |
“Wapour Fraction 0.8952 0.9013 0.8576 1.0000 _I
Temperature [F] B0.00 B0.00 B0.00 E0.00
Pressure [psia] E00.0 E00.0 E00.0 E00.0
holar Flow [MMSCFD] E.000 4.000 10.00 8976
Mazs Flow [Ib/hr] 1.675e+004 1.100e+004 2.775e+004 2.318e+004
Liquid Wolume Flow [barrel/day] 302 1983 4395 4342
Heat Flow [Btushr] -2.853e+007 -1.628e+007 -4.180e+007 -3.605e+007
Mame Seplig LT5Vap CoolG az SalesGas LI
N Material Streams I Compositions I Energy Shreams I Urit Ops |
F_ Fluid Pkg I All vl
Gas/Gas
[ Include Sub-Flawshests
[ Show Name Only
¥ Horizontal katr Nurnber of Hidden Objects: 1]

corresponding opera

tion name.

The operations to which SepVap is attached
are displayed in this list. You can access the
property view by double-clicking on the
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Adding a Tab to the Workbook

When the Workbook has focus, the Workbook item appears in the
UniSim Design menu bar. This allows you to customize the Workbook
to display specific information.

In this section you will create a new Workbook tab that displays only
stream pressure, temperature, and flow.
1. Do one of the following:

e From the Workbook menu, select Setup.

< Right-click the Material Streams tab in the Workbook, then
select Setup from the object inspect menu that appears.

The Workbook Setup view appears.

Figure 1.53

—wiorkbook T ab ~Tab Caontent:

Material Shreams Add | r~Object
Compositions

Energy Streams T Mame: IMateriaIStreams DOrder... |
Unit 0 _I
U Tupe: Material Shieam Mew Type... |

Y ariabl

ariable Format Use Set... |
I

“apour Fraction | 1.4 fixed

Temperaturs 4 sig fig Add... |

Pressune 4 zig fig
Molar Flow |_&sigfg | Delete |

Mass Flow 4 =ig fig
Liquid Yolume Flow | 4 =ig fig Fomnat..
Heat Flow 4 siq fig

/ Order... |

Pt
e

Currently, all variables are disﬁayed with four
significant figures. You can change the display format or
precision of any Workbook variables by clicking the
Format button.

The four existing tabs are listed in the Workbook Pages group.
When you add a new tab, it will be inserted before the highlighted
tab (currently Material Streams).

2. In the Workbook Tabs group list, select the Compositions tab.
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Steady State Simulation

3.

In the Workbook Tabs group, click the Add button. The New Object
Type view appears.

Figure 1.54

New Object Type

Shream

Unit Operations

Vessels

Heat Transfer Equipment
Fatating Equipment
Piping E quipment

Solids Handling Operatians
Reactors

Prebuilt Calumng

Short Cut Columns
Sub-Flowshests

e [ [ - -]

)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)

Electralyte Equipment
Refinery Operations

-
[E-H

|+

LCancel |

Logical Dperations =

Upstream Operations
E ubammsicun | it Mrarabion
»

J[=] 3

4. Click the + icon beside Stream to expand the tree branch into

5.

Figure 1.55

Material Stream and Energy Streams.

Select the Material Stream and click the OK button. You will return

to the Setup view, and the new tab appears in the list after the

existing Material Streams tab.

—workbook T b —Tab Content:
M aterial Streams ~Object
Material Streams 1 |
Compositions e Mame: IMatenaI Sheams 1 DOrder...
E Sh _I
U:ﬁl%ypg e Tupe: I aterial Stream Mew Type... |
Y ariable:
ariable Format Use Set.. |
| “apour Fraction | 1.4 fized
Temperature 4 sig fig Add...
Pressure 4 3ig fig
Molar Flow | 4 sig fig Delete |
gz Flove 4 zig fig
Std Ideal Liq ol Flaow 4 sig fig Format... |
Heat Flow 4 zig fig
Molar Enthalpy | 4 sig fig Order... |

6.

In the Object group, click in the Name cell and change the name for
the new tab from the default Material Streams 1 to P, T,Flow to
better describe the tab contents.

Next you will customize the tab by removing the irrelevant

variables.
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7. In the Variables group, select the first variable, Vapour Fraction.

T ab Content:
—Object

Mame: IP,T,FIow DOrder...
Type: ,W Mew Tppe...

4 ariabl

Wariable Foimat Use Set...

“apour Fraction || 1.4 fixed

Temperaturs 4 sig fig Add.

Pressure 4 zig fig
Molar Flow | Gsigig | Delete |

Mass Flow 4 zig fig
Std Ideal Lig Yol Flow 4 zig fig Format...

Heat Flow 4 sig fig
talar Enthalpy 4 sig fig Order. .

8. Press and hold the CTRL key.

9. Click on the following variables: Mass Flow, Heat Flow, and
Molar Enthalpy. Four variables are now selected.

10. Release the CTRL key.

Deleting variables 11. Click the Delete button. The variables are removed from the list.

removes them from the A
current Workbook tab The finished Setup appears below.

only. If you want to
remove variables from Figure 1.57
another tab, you must

edit each tab individually.

Setup (<]
—workbook Tab ~Tah Content:
taterial Streams Add | ~Object
P T Flow
O s Dosie | Mame: [F.T Flow Oder... |
Egﬁ%‘;gheam Tupe: Material Shieam Mew Type...
W ariabl
The new tab ) Wariable Format Use Set... |
now appears in Temperature 4 sig fig
the list of Pressure 4 sig fig Add... |
talar Flaw 4 zig fig
Workbook Gtd Ideal Lig Vol Flow | dsigfi | |5 Deiste i
Tabs in the —
. ormat..
same order as it IT =
appears in the / DOrder.. |
Workbook.

The new tab displays only
these four Variables.
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=1

Save Icon

o

PFD Icon

Steady State Simulation

12. Close the Setup view to return to the Workbook view and check the

new tab.
Figure 1.58
Workbook - Case (Main) [_ O[]
Narne Feed 1 Feed 2 MimerCut Sepiap | |
Temperature [F] B0.00 B0.00 £0.00 £0.00 _I
Pressure [psia] B00.0 B00.0 E00.0 E00.0
olar Flovs [MMSCFD] £.000 4.000 10.00 8.976
Std Ideal Lig Vol Flow [barel/da 3012 1983 4335 4342
Mame SepLig LT5Vap CoolGas SalezGas
Temperature [F] B0.00 <Emptys <Emptys <Emptys
Fressure [psia] E00.0 <empy: 590.0 <empy:
alar Flovs [MMSCFD] 1.024 <empys 8.976 <empys
Std Ideal Lig Yol Flow [barel/da £52.9 <emphys 4342 <emphyy | =]

Mateiial Streams P,T,FlDWI Compositions I Erergy Streams I Urit Ops |

Fluid Pkg I All vl
Ml=<-100

[ Include Sub-Flowshests

[ Show Name Oriy

¥ Horizontal Matrix Mumber of Hidden Objects: 0

13. At this point, save your case by doing one of the following:
e Click the Save icon on the toolbar.

e Select Save from the File menu.
e Press CTRL S.

1.2.8 Using the PFD

The PFD is the other home view used in the Simulation environment. To
open the PFD:

1. Do one of the following:
e Click the PFD icon on the toolbar.

e Press CTRL P or from the Tools menu select PFDs. The Select
PFD view appears. Select the PFD you want to access from the
list and click the View button.

The current tutorial PFD view appears as shown in the figure below,
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[Sephap
[Temperature
Pressure
Molar Flow

60,00 F
&00.0 psia
8.976 MMSCED

Fly-by Information

]

HE L

Size Mode
Icon

Zoom Out
25%

Display
Entire PFD

Zoom In

with all streams and unit operations visible.

Figure 1.59
PFD toolbar
PFD - Case {Main) [_[O]x]
H ﬁ @ | Eﬂ E“'\E |p A P24 E 27} IDefau\tCoIourScheme vl
=
LTS ap
—»—»O -
Sepvap CoolGas
GasfGas
Fod
ee Inlets H
Ty MixerOut et Salestas Material
Feed 1o Il | stream arrow
L
Seplig
=IEl+]d | _ »
— L
PFD 1 | ’
|

Unit Operation icon for
a Separator

Stream/Operation
labels

If the streams or operations are not all visible, select Auto
Position All from the PFD menu. UniSim Design now displays all
streams and operations, arranging them in a logical manner.

The PFD menu option appears in the UniSim Design menu bar
whenever the PFD is active.

As a graphic representation of your flowsheet, the PFD shows the
connections among all streams and operations, also known as ‘objects’.
Each object is represented by a symbol or ‘icon’. A stream icon is an
arrow pointing in the direction of flow, while an operation icon is a
graphic representation of the actual physical operation. The object
name or ‘label’ appears near each icon.

Like any other non-modal view, the PFD view can be re-sized by
clicking and dragging anywhere on the outside border. Other functions
you can perform while the PFD is active include the following:

e Access commands and features from the PFD tool bar.

= Open the property view for an object by double-clicking on its
icon.

< Move an object by clicking and dragging it to the new location.

 Access ‘fly-by’ summary information for an object by placing the
cursor over it.

e Change an icon's size by clicking the Size Mode icon, clicking
on the icon you want to resize, then clicking and dragging the
sizing “handles” that appear.
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Keep in mind that these
are the UniSim Design
default colours; you may
change the colours in
the Session Preferences.

The icons for all streams
installed to this point are
dark blue except for the
Heat Exchanger shell-
side streams LTSVap
and SalesGas, and tube-
side outlet CoolGas.

 Accessing the Object Inspection menu for an object by placing
the cursor over it and right-clicking. This menu provides access
to a number of commands associated with that particular object.

e Zoom in and out or display the entire flowsheet in the PFD
window by clicking the zoom buttons at the bottom left corner of
the PFD view.

Some of these functions will be illustrated in this tutorial; for more
information, refer to the UniSim Design User Guide.

Calculation Status

Before proceeding, you will examine a feature of the PFD which allows
you to trace the calculation status of the objects in your flowsheet. If
you recall, the status indicator at the bottom of the property view for a
stream or operation displayed three different states for the object:

Indicator Status ‘ Description

Red Status A major piece of defining information is missing from
the object.
For example, a feed or product stream is not attached

to a Separator. The status indicator is red, and an
appropriate warning message appears.

Yellow Status All major defining information is present, but the
stream or operation has not been solved because one

or more degrees of freedom is present.

For example, a Cooler where the outlet stream
temperature is unknown. The status indicator is yellow,
and an appropriate warning message appears.

Green Status The stream or operation is completely defined and
solved. The status indicator is green, and an OK

message appears.

When you are working in the PFD, the streams and operations are also
colour-coded to indicate their calculation status. The mixer and inlet
separator are completely calculated, so they have a black outline. For
the heat exchanger Gas/Gas, however, the conditions of the tube side
outlet and both shell side streams are unknown, so the exchanger has a
yellow outline indicating its unsolved status.

A similar colour scheme is used to indicate the status of streams. For
material streams, a dark blue icon indicates the stream has been
flashed and is entirely known. A light blue icon indicates the stream
cannot be flashed until some additional information is supplied.
Similarly, a dark red icon indicates an energy stream with a known
duty, while a purple icon indicates an unknown duty.
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Cooler icon

&

#

When you are in Attach
mode, you will not be
able to move objects in
the PFD. To return to
Move mode, click the
Attach icon again.

You can temporarily
toggle between Attach
and Move mode by
holding down the CTRL
key.

Installing the Chiller

In the next step you will install a chiller, which will be modeled as a
Cooler. The operation is installed using the Object Palette the PFD.

Adding the Chiller to the PFD

1. Press F4 to access the Object Palette

The Chiller will be added to the right of the Gas/Gas, so make some
empty space available in the PFD by scrolling to the right using the
horizontal scroll bar.

2. Click the Cooler icon on the Object Palette.
If you click the wrong button, click the Cancel icon.
3. Position the cursor over the PFD.

The cursor changes to a special cursor with a + symbol attached to
it. A frame attached to the cursor is used to indicate the location of
the operation icon.

Figure 1.60

LTSYap

Sepvap @ CoolGas

GasiGas
InletSep
MixerOut

Mlx-100

i

SalesGas

L

—
Seplig

4. Click on the PFD where you want to drop the Cooler.

UniSim Design creates a new Cooler with a default name, E-100.
The Cooler has a red status (and colour), indicating that it requires
feed and product streams.

Connecting the Chiller

1. Click the Attach Mode icon on the PFD toolbar to enter Attach
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2.

mode.
Position the cursor over the right end of the CoolGas stream icon.

LTSVap

—-'—’@ =C]
Sepvap CEIU ,’
GasiGas  [Dut] E-100

SalesGas

A small transparent box appears at the cursor tip. Through the
transparent box, you can see a square connection point, and a pop-
up description attached to the cursor tail. The pop-up Out indicates
which part of the stream is available for connection, in this case the
stream outlet.

With the pop-up Out visible, click and hold.

The transparent box becomes solid black, indicating that you are
beginning a connection.

Move the cursor toward the left (inlet) side of the Cooler.

A trailing line appears between the CoolGas stream icon and the
cursor, and a connection point appears at the Cooler inlet.

Place the cursor near the connection point, and the trailing line
snaps to that point.

Also, a solid white box appears at the cursor tip, indicating an
acceptable end point for the connection.

CoolGas Q!

E-100

Release the left mouse button, and the connection is made to the
connection point at the Cooler inlet.

Adding Outlet and Energy Streams

1.

Position the cursor over the right end of the Cooler icon.
The connection point and pop-up Product appears.

With the pop-up visible, left-click and hold.

The transparent box again becomes solid black.

Move the cursor to the right of the Cooler.

A white stream icon appears with a trailing line attached to the
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If you make an incorrect

connection:

1. Click the Break
Connection icon on
the PFD toolbar.

.2

2. Move the cursor over
the stream line
connecting the two
icons. A checkmark
attached to the cursor
appears, indicating an
available connection to
break.

3. Click once to break the
connection.

Cooler outlet.

CoolGas ’ Eg

E-100

4.

The stream icon indicates that a new stream will be created after
the next step is completed.

With the white stream icon visible, release the left mouse button.
UniSim Design creates a new stream with the default name 1.

Repeat steps 1-4 to create the Cooler energy stream, originating
the connection from the arrowhead on the Cooler icon.

The new stream is automatically named Q-100. The Cooler has
yellow (warning) status, indicating that all necessary connections
have been made but the attached streams are not entirely known.

Figure 1.64

F Q-100
CoolGas e 1

6.

Click the Attach Mode icon again to return to Move mode.

Defining the Material and Energy Streams

The Cooler material streams and the energy stream are unknown at
this point, so they are light blue and purple, respectively.

1.

Double-click the Cooler icon to open its property view.

On the Connections page, the names of the Inlet, Outlet, and
Energy streams that you recently attached appear in the
appropriate cells.
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2. In the Name field, change the operation name to Chiller.

Chiller | _ (O] x|
Design Mame |Chiller
Connections
Farameters Inlet Energy
User Variables CoolGas ﬂ |Q'1 oo j
Notes
(<
'\,__/ Outlet
H =
Fluid Package
Basis-1 -
=
Design | Rating J ‘worksheet J Peiformance J Diynamics J
Delete Unknown Delta P [~ lgnaored

3. Select the Parameters page.
4. In the Delta P field, specify a pressure drop of 10 psi.

Figure 1.66

Design

Connections

Parameters Delta P Duty
User Yarisbles 10.00 psi I—I
Nates

O

[ | Design | Rating J “wiorksheet J Perfarmance J Dynamics |

5. Close the cooler view.

At this point, the Chiller has two degrees of freedom; one of these
will be exhausted when UniSim Design flashes the CoolGas stream
after the exchanger temperature approach is specified.

To use the remaining degree of freedom, either the Chiller outlet
temperature or the amount of duty in the Chiller energy stream
must be specified. The amount of chilling duty which is available is
unknown, so you will provide an initial guess of O°F for the Chiller
outlet temperature. Later, this temperature can be adjusted to
provide the desired sales gas dew point temperature.

6. Double-click on the outlet stream icon (1) to open its property view.
7. In the Name field, change the name to ColdGas.
8. In the Temperature field, specify a temperature of O°F.

The remaining degree of freedom for this stream has now been
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used, so UniSim Design flashes ColdGas to determine its remaining

properties.
Figure 1.67
ColdGas H=] E3
Worksheet Stream Mame ColdGas
. Wapour / Phase Fraction 078182
Conditions Tereae ] 0.00000
Properties Pressure [psia] 580.00
- Molar Flow [MMS5CFD] 8.597E5
Ci I
I Mass Flow [Ib/hi] 73183
K W alue 5td Ideal Lig Yol Flow [barel/day] 4342.2
User Yariables Malar Enthalpy [Btu/lbmale] -3.823e+004
Malar Entropy [Btudlbmale-F] 33.423
Notes Heat Flowe [Btuhi] 3. 7625e+07
Cost Parameters Lig Val Flow @5td Cond [barrel/day] <emplys
Fluid FPackage B asiz-1
an O

— -
Wolksheell Attachments I Dynamics |

Delete | Define from Other Stream... | L =

Close the ColdGas view and return to the PFD view.

The Chiller still has yellow status, because the temperature of the
CoolGas stream is unknown.

10. Double-click the energy stream icon (Q-100) to open its property
view.
The required chilling duty (in the Heat Flow cell) is calculated by
UniSim Design when the Heat Exchanger temperature approach is
specified in a later section.

©

11. Rename the energy stream C3Duty and close the view.

Figure 1.68

Energy Stream: C3Duty M= B
Praperti

Stream Mame C3Duty
Heat Flow [Etushr] < Empy:
Ref. Temperature [F] <Empy:

= Slleaml Unit Ops I Dynamics I Stipchart I r

| Unknown Heat Flow

Delete |

Installing the LTS

Now that the chiller has been installed, the next step is to install the
low-temperature separator (LTS) to separate the gas and condensed
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4

Separator icon

#

Multiple connection

points appear because
the Separator accepts
multiple feed streams.

liquids in the ColdGas stream.

Adding and Connecting the LTS

1.

2.

Make some empty space available to the right of the Chiller using
the horizontal scroll bar.

Position the cursor over the Separator icon on the Object Palette.

Right-click, hold, and drag the cursor over the PFD to the right of
the Chiller.

The cursor changes to a special “bulls-eye” cursor. A frame attached
to the bulls-eye cursor indicates the location of the operation icon.

Release the right mouse button to drop the Separator onto the PFD.
A new Separator appears with the default name V-100.
Click the Attach Mode icon on the PFD tool bar.

Position the cursor over the right end of the ColdGas stream icon.
The connection point and pop-up Out appears.

With the pop-up visible, left-click, hold, and drag the cursor toward
the left (inlet) side of the Separator.

Multiple connection points appear at the Separator inlet.

Place the cursor near the inlet area of the Separator. A solid white
box appears at the cursor tip.

Figure 1.69

W00
— L n
ColdGas k
Feed Stream

9.

Release the mouse button and the connection is made.

Adding Connections

The Separator has two outlet streams, liquid and vapour. The vapour
outlet stream LTSVap, which is the shell side inlet stream for Gas/Gas,
has already been created. The liquid outlet will be a new stream.

1.

In the PFD, position the cursor over the top of the Separator icon.
The connection point and pop-up Vapour Product appears.

With the pop-up visible, left-click and hold.

Drag the cursor to the LTSVap stream icon.

A solid white box appears when you move over the connection

1-50



Gas Processing Tutorial 1-51

point.

Figure 1.70

LT@ap —
a3 C30LULy - W-100
Sepvap CoolGas ‘o ColdGas
GasiGas Chiller

SalesGas

4. Release the mouse button, and the connection is made.

5. Position the cursor over the bottom of the Separator icon. The
connection point and pop-up Liquid Product appears.

6. With the pop-up visible, left-click and hold.

7. Move the cursor to the right of the Separator.

A white arrow stream icon appears with a trailing line attached to
the Separator liquid outlet.

8. With the stream icon visible, release the mouse button. UniSim
Design creates a new stream with the default name 1.

ﬂ 9. Click the Attach Mode icon to leave Attach mode.
10. Double-click on the stream icon 1 to open its property view.
Attach Mode icon 11. In the Stream Name cell, type LTSLiq, then press ENTER.
12.Close the LTSLiq stream property view.
13. Select Auto Position All from the PFD menu.
Your PFD should appear similar to the one shown below.

Figure 1.71
PFD - Case (Main) M= E3
H % E | HH E:H |D A ? @ IDelauIt Colow Scheme =
- 4
LTSWap
7 i %—’
Septap . CoolGas J caputy A0
GasiGas Chiller ColiGns
F-d— SalesGas J
B InletSep
e MixerOut
Fe=d Moo I_LTEtiq
Lo
Seplig
S=Eall | Ba
P
Streams LTSVap and . . .
LTSLiq are now known, 14. Double-click the icon for the new Separator (V-100) to open its
as shown by the change property view.
in their PFD colour from i
light blue to dark blue. 15. In the Name field, change the name to LTS.

16. Close the LTS property view.
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At this point, the outlet streams from heat exchanger Gas/Gas are
still unknown.

17.Double-click on the Gas/Gas icon to open the exchanger property

view.

18. Click the Design tab and select the Specs page.

Figure 1.72

Gas/Gas HI=] E3
. el
Design Solver Unknawi Y ariabl
g ) T alerance 1.000e-04 | Value |
onnections
Current Enor <emply> Temperature of CoolGas <emply>
Parameters b aimumn [terations 25 Temperature of 5alesGas <emply>
Specs Iterations i 1]
X Unknown Yarables 2
Uzer Yariables Cosis i
Motes Degrees of Freedom 1
—Specification:
Specifiedalue | CurentValue | Relative Eror | Active | Estim. View...
E-100 Heat Balance 0.00 Bhushr <Emphys 10| [ =
E-100 LA, < Bmphys <Emphys <emptys | W | add
Delete
m— . n n
Design I R ating I ‘wioikshest I Performance I Dynamics I HTFS - TASC |
Delete | ‘ Uitz szl Update ™ lgnored

The Specs page allows you to input specifications for the Heat
Exchanger and view its calculation status. The Solver group on this
page shows that there are two Unknown Variables and the Number
of Constraints is 1, so the remaining Degrees of Freedom is 1.
UniSim Design provides two default constraints in the Specifications
group, although only one has a value:

Specification ‘ Description

Heat
Balance

The tube side and shell side duties must be equal, so the
heat balance must be zero (0).

UA

This is the product of the overall heat transfer coefficient
(U) and the area available for heat exchange (A). UniSim
Design does not provide a default UA value, so it is
unknown at this point. It will be calculated by UniSim
Design when another constraint is provided.

Adding a Heat Exchanger Specification

To exhaust the remaining degree of freedom, a 10°F minimum
temperature approach to the hot side inlet of the exchanger will be

specified.
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N

oW

In the Specifications group, click the Add button.
The ExchSpec (Exchanger Specification) view appears.
In the Name cell, change the name to Hot Side Approach.

The default specification in the Type cell is Delta Temp, which
allows you to specify a temperature difference between two
streams. The Stream (+) and Stream (-) cells correspond to the
warmer and cooler streams, respectively.

In the Stream (+) cell, select SepVap from the drop-down list.
In the Stream (-) cell, select SalesGas from the drop-down list.
In the Spec Value cell, enter 10°F.

The view should appear as shown in the following figure.

Figure 1.73
Hot Side Approach | _ (=] x|
Mame Hot Side Approach
Tupe Delta Temp
Stream [+] Sepvap
Stream [-] SalesGas
Spec Yalueg 10.00F

— _
Parameters -

Delete |

2

UniSim Design will converge on both specifications and the
unknown streams will be flashed.

Close the specification view to return to the Gas/Gas property view.

The new specification appears in the Specifications group on the
Specs page.

Figure 1.74
Gas/Gas (O]
Design —Salver Unknawn Yariabl
Connections Talerance 1.000e-04 | Walue
Current Error Cemplis Temperature of CoolGas 4297
Parameters taximum [terations 25
Specs Iterations 0
X Unlnown Yariables 1
Uszer Yariables Ceneiale 1
Motes Degrees of Freedam 1]
—Specification:
Specifiedalue | Curent Yalue | Relative Ermor | Active | Estim. View...
E-100 Heat Balance 0.00 Btuhr -29e010 -52e016 | WM C __I
E-100 UA <EMmphYs 2 1e+004 <emptyy | W ol Add
Hat Side Approach 10F 10 000 | W o —
Delete
_—
Design | Rating I ‘wiorksheet I Perfoimance I Diymamics I HTFS - TA5C |
pee: | MM | e
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Gas/Gas =101 =]
Worksheet MName Septa) CoalGas LTS5 ap SalesGas
— “Yapour 1.0000 0.5388 1.0000 1.0000
Conditions Temperature [F] E0.00 42594 0.0000 50.00
Propetties Pressuie [psia] EO0.0 530.0 BR0.0 570.0
C .. tolar Flow [MMSCFD] 8.976 8.976 7.8 7.8
empasition Mass Flow [Ib/hr] 2.318e+004 | 2.318e+004 | 1.562e+004 | 1.562e+004
FF Specs Std |deal Lig Vol Flow [barrel/day] 4342 4342 3BT 3BT
Molar Enthalpy [Btu/lbmole] -3.657e+004 -3.705e+004 -3.536e+004 -3.475e+004
Malar Entropy [Btu/lbmale-F] 3677 35.86 3561 36.90
Heat Flow [Btushr] -3.605e+007 -3.652e+007 -2.725e+007 -2.678e+007

Design | Rathg  ‘wWorksheet I Perfarmance I Dyharmic:s I HTFS - TASC |
Dekic | I Use | T e

Using the 10°F approach, UniSim Design calculates the
temperature of CoolGas as 42.9°F. All streams in the flowsheet are
now completely known.

7. Click the Worksheet tab, then select the Conditions page to view
the calculated stream properties.

Figure 1.75

Click the Performance tab, then select the Details page, where

UniSim Design displays the Overall Performance and Detailed

Performance.

Gas/Gas | _ (O] x|
Performance Overall Performanc:
Details Diuty 4 705e+05 Btudhr
Heat Leak 0.000e-07 Btudhr
Plats Heat Loss 0.000e-01 Btu/hr
Tables (1) 2.08e+04 Bhu/F-hr
Min. Approach 10,000 F
2P LMTD 2261F
Error Mzg
~Detaled Perfformance——————————————————
U4 Curvature Error 0.0000 BtudF-hr
Hat Pinch Temp E0.0006 F
Cold Pinch Temp 50.0006 F
Ft Factor 1.0000
Uncorrected LMTD 22613F
Design I Fating I ‘Warksheet Performance I Dynamics I HTFS - TASC |
[ lanored

Figure 1.76

| I

Delete

Two parameters of interest are the UA and LMTD (logarithmic mean

temperature difference), which UniSim Design has calculated as
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Close icon

I

Balance icon

2.08e4 Btu/F-hr and 22.6°F, respectively.

9. When you are finished reviewing the results, click the Close icon to
leave the Gas/Gas property view.

Checking the Sales Gas Dew Point

The next step is to check the SalesGas stream to see if it meets a dew
point temperature specification. This is to ensure no liquids form in the
transmission line. A typical pipeline dew point specification is 15°F at
800 psia, which will be used for this example.

You can test the current dew point by creating a stream with a
composition identical to SalesGas, specifying the dew point pressure,
and having UniSim Design flash the new stream to calculate its dew
point temperature. To do this you will install a Balance operation.

1. Double-click the Balance icon on the Object Palette.
The property view for the new operation appears.

Figure 1.77

BAL-1 =] B3

Conneclions Mame IBAL-‘I

Connections

Inlet Streams | Outlet Streams

Notes
[l << Shream > | << Stream »»

_—
Conneclinnsl Parameters I “workshest I Stripchart I User Variables |

I lgnored

2. In the Name field, type DewPoint, then press ENTER.
3. Click in the <<Stream=>=> cell in the Inlet Streams table.
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Changes made to the
vapour fraction,
temperature or pressure
of stream SalesDP will not
affect the rest of the
flowsheet. However,
changes which affect
SalesGas will cause
SalesDP to be re-
calculated because of the
molar balance between
these two streams.

4

Steady State Simulation

. Open the drop-down list of available streams and select SalesGas.

Figure 1.78

DewPoint [_ (O] ]
Connections Name IDewF‘oint
Connechions
| Inlet Streams | Outlet Streams
Mot i
e = [ << Stream »»
C3luty -
ColdGas —
CoolGas
Feed 1 |
Feed 2 EEE——— ]
LTSLig =
LTS5Vap b
—_
Cunneclionsl Parameters I ‘wiorksheet I Stipchart I User Variables |
Delete | [~ lgnomed

® N

Click in the <<Stream>= cell in the Outlet Streams table.
Create the outlet stream by typing SalesDP, then press ENTER.
Click the Parameters tab.

In the Balance Type group, select the Mole radio button.

Figure 1.79
Parameters rBalance Type
Parameters @ Mole " Heat  Mass and Heat
£ Mass " Mole and Heat ~ General
—Ratio List
Mot a General Balance
Mo Ratios Required
_—
Connections  Parameters | workshest I Stripchart I UserVariables |

Click the Worksheet tab.

The vapour fraction and pressure of SalesDP can now be specified,
and UniSim Design will perform a flash calculation to determine the
unknown temperature.

10. In the SalesDP column, Vapour cell, enter 1.0.

11. In the Pressure cell, enter 800 psia.

UniSim Design flashes the stream at these conditions, returning a
dew point Temperature of 5.27°F, which is well within the pipeline
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: 4

Mixer icon

Multiple connection
points appear because
the Mixer accepts
multiple feed streams.

(o]
of 15k
Figure 1.80

worksheet Name SalesGas Sale:DP

— Wapour 1.0000 1.0000

Conditions Temperature [F] 50.00 5263

Properties Pressure [psia] 570.0 G000

C - alar Flow [MMSCFD] 7018 7018

ez Mass Flaw [I6/hr] 1.562+004 1.562+004

Std Ideal Liq Yol Flaw [barrel/day] J1E7 J1E7

talar Enthalpy [Btu/lbmole] -3.475e+004 -3.560e+004

tolar Entropy [Btu/lbmole-F] 36.90 3463

Heat Flow [Brushi] -2.678e+007 -2.744e+007
| v

~_Connections I Farameters  Worksheet | Stripchart | UserVariables |

5
Delete [ lanored

12. Close the DewPoint view to return to the PFD.

When UniSim Design created the Balance and new stream, their
icons were probably placed in the far right of the PFD. If you like,
you can click and drag the Balance and SalesDP icons to a more
appropriate location, such as immediately to the right of the
SalesGas stream.

Installing the Second Mixer

In this section you will install a second mixer, which is used to combine
the two liquid streams, SeplLiq and LTSLiq, into a single feed for the
Distillation Column.

1. In the PFD, make some empty space available to the right of the
LTS using the horizontal scroll bar.

2. Click the Mixer button on the Object Palette.

In the PFD, position the cursor to the right of the LTSLiqg stream
icon.

4. Click to drop the Mixer onto the PFD.
A new Mixer named MIX-101 appears.

w

5. Press and hold the CTRL key to temporarily enable Attach mode
while you make the Mixer connections.

6. Position the cursor over the right end of the LTSLiq stream icon.
The connection point and pop-up Out appears.

7. With the pop-up visible, click and drag the cursor toward the left
(inlet) side of the Mixer, and multiple connection points appear at
the Mixer inlet.

8. Place the cursor near the inlet area of the Mixer.
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Close icon

H

Distillation Column icon

When the solid white box appears at the cursor tip, release the left
mouse button to make the connection.

9. Repeat steps 5-8 to connect SepLiq to the Mixer.
10. Move the cursor over the right end of the Mixer icon.
The connection point and pop-up Product appears.

11. With the pop-up visible, click and drag the cursor to the right of the
Mixer.

A white arrow stream icon appears.

Figure 1.81

[
LTSl

Seplig MI-101

12. With the stream icon visible, release the mouse button. UniSim
Design will create a new stream with the default name 1.

13. Release the CTRL key to leave Attach mode.
14. Double-click on the outlet stream icon 1 to access its property view.

When you created the Mixer outlet stream, UniSim Design
automatically combined the two inlet streams and flashed the
mixture to determine the outlet conditions.

15. In the Stream Name cell, rename the stream to TowerFeed, then
click the Close icon.

Installing the Column

UniSim Design has a number of pre-built column templates that you
can install and customize by changing attached stream names, number
of stages, and default specifications.

In this section, you will install a Distillation Column.
1. From the Tools menu, select Preferences.

2. On the Simulation tab, Options page, ensure that the Use Input
Experts checkbox is selected (checked), then close the view.

3. Press F4 to access the Object Palette.
4. Double-click on the Distillation Column icon on the Object Palette.
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The Input Expert view is
a logical sequence of
input views that guide
you through the initial
installation of a Column.
Completion of the steps
will ensure that you
have provided the
minimum amount of
information required to
define the column.

The first page of the Input Expert view appears.

Distillation Column Input Expert | <]
Condenser Energy Stieam I 'I Ferpanas
" Tatal I LI
Column Hame |T-100 0 i+ Partial Ovhd Outlets
" Full Rflx I -I
7
2 [~ ‘wiater Draw
Inlet Sheams
Stream | Iniet Stage | # Stages Optional Side Draws
i< Stream »> e E | W Slream Tppe | DrawStage |
< Shream »»
n-l Reboiler Energy Stream
n
Bottoms Liguid Outlet
Stage Murberir | e+l I LI
" Top Down " Bottom Up
< Fiey | [ | Connections [page 1 of 4] LCancel |

o o

When you install a column using a pre-built template, UniSim
Design supplies certain default information, such as the number of
stages. The current active cell is # Stages (Number of Stages),
indicated by the thick border around this cell and the presence of 10
(default number of stages).

Some points worth noting:

< These are theoretical stages, as the UniSim Design default stage
efficiency is one. If you want to specify real stages, you can
change the efficiency of any or all stages later.

e The Condenser and Reboiler are considered separate from the
other stages, and are not included in the Numb Stages field.

For this example, 10 theoretical stages will be used, so leave the
Number of Stages at its default value.

Click on the <<Stream=>=>= cell in the Inlet Streams table.

Open the drop-down list for the available feed streams by clicking
the =1 icon or pressing F2 then the DOWN or UP arrow key.

Select TowerFeed as the inlet feed stream to the column.

UniSim Design will supply a default feed location in the middle of
the Tray Section (TS), in this case stage 5 (indicated by 5_Main TS).
This default location is used, so there is no need to change the Feed
Stage.

This column has Overhead Vapour and Bottoms Liquid products, but
no Overhead Liquid (distillate) product.

In the Condenser group, select the Full Rflx radio button.

The distillate stream disappears. This is the same as leaving the
Condenser as Partial and later specifying a zero distillate rate.
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9. Enter the stream and Column names as shown in the figure below.

Figure 1.83
Distillation Column Input Expert
Condenzer Energy Stream |CondDuty g Condenser
= Ovhd -
" Total
Column Mame |DeProparizer 0 T Parlial OxhdVapour Outlet
{* Full Rflx
i
2
Inlet Streams
Stream Irlet Stage # Stages Optional Side Draws
TowerFeed  [J5_Marr nefil B — — = Slream Type | Diaw Stage
e Sl 29 [[:< Shream »>
n-1 Reboiler Energy Stream
h -
lebEbL Bottoms Liguid Outlst
Stage Numbering | el [LiquidFrod =]
{+' Top Down " Bottam Up
| et > | Connections [page 1 of 4] Lancel

When you are finished, the Next button becomes active, indicating
sufficient information has been supplied to advance to the next
page of the Input Expert.

10. Click the Next button to advance to the Pressure Profile page.
11.In the Condenser Pressure field, enter 200 psia.
12.In the Reboiler Pressure field, enter 205 psia.

The Condenser Pressure Drop can be left at its default value of zero.

Figure 1.84
Distillation Column Input Expert

Condenzer Pressure

200.0 pzia

Condenser Pressure Drop

0.0000 psi

Fieboiler Pressure
< Prev | Negt » | Pressure Profils (page 2 of 4] Lancel

13. Click the Next button to advance to the Optional Estimates page.

Although UniSim Design does not require estimates to
produce a converged column, good estimates will usually
result in a faster solution.
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In general, a Distillation
Column has three default
specifications, however,
by specifying zero
overhead liquid flow (Full
Reflux Condenser) one
degree of freedom was
eliminated. For the two
remaining default
specifications, overhead
Vapour Rate is an
estimate only, and Reflux
Ratio is an active
specification.

14. Specify a Condenser temperature of 40°F and a Reboiler
Temperature Estimates of 200°F.

Figure 1.85

Distillation Column Input Expert

Optional Condenser
Temperature E stimate

40.00F

Optional Top Stage
Temperature E stimate

resetine

Optional Reboiler
Temperature E stimate

PO0OF

Optional Estimates [page 3 of 4] LCancel

< Prev ‘ MNest > ‘

15. Click the Next button to advance to the fourth and final page of the
Input Expert.

The Specifications page allows you to supply values for the default
column specifications that UniSim Design has created.

16. Enter a Vapour Rate of 2.0 MMSCFD and a Reflux Ratio of 1.0.
The Flow Basis applies to the Vapour Rate, so leave it at the default

of Molar.
Figure 1.86
Distillation Column Input Expert
‘Wapour Fate [2.00000
Reflux R atio
1.000 Flovs Basis ’m
8y | Done.. | Side Ops > | Specifications [page 4 of 4] Cancel

17.Click the Done button.
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The Distillation Column property view appears.

Figure 1.87

Column: DePropanizer / COL1 Fluid Pkg: Basis-1 / Peng Robinson

 Total " Partial & Full Reflux

Design Colurn Name IDeF’rupanizer SubFlowshest Tag ICDU "CDHQ nser

Connections

Condenser Energy Stream

:Ionitor Im Delta P IDvhd vl
=8 i 0.0000 pzi Owhd % apour Outlet
Specs Summary
Subcooling 1
HNotes - { 2 | Pcond Optional Side Draws
nlet Stieams l—
Z . gt:r_geosf 200.0 psia Sheam . Tupe I Draw Stage

[Tomefeed |5 Man | [n=[iT I Steam>>
2< Stream »» | P reb

|205.D i
n-1 G Reboiler Energy Stream
n

IHebDuly vl

—Stage Mumbering————————
 TopDown  Bottorn Up

Edit Traps... |

—
Designl Parameters I Side Ops IHating I ‘wiorksheet I Performance I Flowshest I Reactions I Dyriamics |

Delete | Column Environment.. | Run | Beset | _ W Update Outlets [ lgnored

Delta P Eottorns Liguid Outlet

oo es LinuidFrod ~

18. Select the Monitor page.

Design thloﬂaI Checks ; Profile Temps r@tire 1. Tra; Hambe
Input Summar WYiew Iritial Estimates.. i
Connections £ 2 | ‘ ]
Monitor Tter | Step | Eouier Fea/ s © Teme
. el = quilibrium eat /Spec £ Pross sm
[P " Flows ‘
Specs Summary 2oL
Subcoaling 1y 2 + 5 B o 12
Motes
Specifications
S pecified Value Current Yalue ‘wit. Errar Active | Estimate Current
Reflux Ratio 1.000 LEmplys <emply> [+ [ [
Ovhd Yap Rate 2000 MMSCFD <Emplys <emptyx v ¥ I+
Reflux Rate £ Bty £ Bmptys <emphy> [ v [
Btmz Prod Rate {EMmply: {EMmplys < empty - IV r
Wiew | Add Spec: | Group Active | Update Inactive | Degrees of Freedam o

—
Design ‘ Parameters J Side Ops JF\ating J ‘Worksheet J Perfarmance J Flowsheet J Reactions J Dynamics J

The Monitor page displays the status of your column as it is being
calculated, updating information with each iteration. You can also
change specification values and activate or de-activate
specifications used by the Column solver directly from this page.

Adding a Column Specification

The current Degrees of Freedom is zero, indicating the column is ready
to be run. The Vapour Rate you specified in the Input Expert, however,
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is currently an Active specification, and you want to use this only as an

initial estimate for the solver for this exercise.

1. In the Ovhd Vap Rate row, click the Active checkbox to clear it,
leaving the Estimate checkbox checked.
The Degrees of Freedom will increase to 1, indicating that another
active specification is required. For this example, a 2% propane
mole fraction in the bottoms liquid will be specified.

2. Select the Specs page.

This page lists all the Active and non-Active specifications which are
required to solve the column.

Figure 1.89

Colurmn 5pecifications:

Beflux Halin

Btmz Prod R ate Lo
Delete
Update Specs fram Dynamics |
Diefault Basis 'MDIar—L|
Degiess of Freedom |1

3. In the Column Specifications group, click the Add button. The Add
Specs view appears.

4. From the Column S_pecification Types list, select Column
Column Specification Types Component FraCtlon

Colm Comperent o 5. Click the Add Spec(s) button.
B e e The Comp Frac Spec view appears.

Column Camponent Recaverny
Calurnn Cut Paint

Column Draw R ate

Column DT [Heater/Cooler) Spec -

Caolumn Dt Spec Flgure 1.90

Colurnn Duty

Column Duty Ratia
Column Feed Fatio
Column Gap Cut Paint
Calumn Liquid Flow

Comp Frac Spec: Comp Fraction [ElE E3

Column Physical Properties Spec Hame Comp Fraction ]
Column Pump Around Stage << Stage »>
Column R ebail Ratio Spec Flow Basis Male Fraction
Column Recoverny . Phaze Liquid
Column Reflux Feed Ratia Spec Specvalls <emply

Column Feflux Fraction Spec
Calumn Reflu: Ratio Companents: << Component »»
Calumn Tee Split Spec

Column Temperature

Column Transpart Properties Spec
Column Uzer Property Spec
Column Y apour Flow

Calumn VY apour Fraction Spec _—
Column Y apour Pressure Spec Parameters | Summary Spec Type
Add Spec(s)... Delete

Target Type " Stream (+ Stage

6. In the Name cell, change the specification name to Propane
Fraction.
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7. In the Stage cell, select Reboiler from the drop-down list of
available stages.

Figure 1.91

Comp Frac Spec: Propane Fract._. [B[=] E3

Narme Propane Fraction
[Stage |
Flow B asiz 5_ManTs &

Phase E_Main TS
Spec Yalue 7_Main TS
8 ManTS
Companents: 9_ManTS
10__Main TS —
Fiebailer hd
Target Tupe € Stream & Stage

Parameters | Summary Spec Type

Delete
8. In the Spec Value cell, enter 0.02 as the liquid mole fraction
specification value.
9. Click in the first cell <<Component>=> in the Components table,

and select Propane from the drop-down list of available
components.

Figure 1.92

Comp Frac Spec: Propane Fraction !EE

MHame Propane Fraction
Stage Fieboiler
Flow Basis Male Fraction
Phaze Liquid
Spec Yalus 2.000e-002
Components: || Fropane

<< Component » >

Target Tupe " Stream (¢ Stage

Parameters | Summary Spec Tupe

Delete |

10. Close this view to return to the Column property view.

UniSim Design The new specification appears in the Column Specifications list on
automatically made the the Specs page

new specification active ’

when you created it. 11. Return to the Monitor page.

The new specification may not be visible unless you scroll down the
table because it has been placed at the bottom of the Specifications
list.
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12. Click the Group Active button to bring the new specification to the
top of the list, directly under the other Active specification.

Design Dptllonal Eheck | e | Pl Tempe @ e . Tray Pos Moy om Top
t [t hmates...
Cormactions nput Surmmary iew Initial Estimates. o
Monitor Step | Eaun Heat/ 5 9l=n
| [Foulliem | HEeEe Sese 1|

; e uilibrium eal Bc £ Press som

(=8 £~ Flows [t

Specs Summary Jmm

Subcodling oy 2 [l & g o 12

Haotes

—Specification:
Specified / alue Current 4/ alue ‘it Error Active | Estimate| Current
Refluz R atio 1.000 <emphys £ Brmptys v 7 i
Propane Fraction 2.000e-002 <Emphys {Empty> v v ~
Ovhdap Rate 2.000 MMSCFD 2.00 00000 ™ v r
Feflux Rate <emply> <emply> <emply> ul v r
Btms Prod Rate <emplys <emplys <emplys ul v m
Wiew. .. | Add Spec.. I Update Inactive | Degrees of Freedom ID
B - . .
Design | Parameters I Side Ops IHat\ng I ‘Workzheet I Perfarmance I Flowsheet I Reactions I Dynamics |

The Degrees of Freedom has returned to zero, so the column is
ready to be calculated.

Running the Column

1. Click the Run button to begin calculations.

The information displayed on the Monitor page is updated with
each iteration. The column converges quickly, in three iterations.

Column: DePropanizer / COL1 Fluid Pkg: Basis-1 / Peng Robinson

Design

Connections
Monitor

Specs

Specs Summary
Subecooling

Motes

Optional Check: Profil
Tempe e us. Tray Hamber
’7 Input Surarnary “iew |ritial Estimates. .. I 20
— = Temp 1ean Yl
_Step E quilibriuim Heat / Spec | P
1 .0000 0.004626 0.033156 1833 el 1=
2 | 1.0000 0.000197 0.001220 " Flows s =
3| 1.0000 0.000001 0.000159 om
o
0z v s 5 W 12
S pecification:
S pecified Yalue Curent Yalue St Eror Active | Estimate| Current
Reflux Ratia 1.000 1.00 -0.0000 | W ~ v
Ovhd%ap Rate 2.000 MMSCFD 235 01750 | T [ o
Reflux Rate <emply 235 <emply v
Btms Prod Rate < ermphys 0632 <empys | [V [
Propane Fraction 2 (00e-002 2 N0e-002 -0.0003 ~ [V [V
Wiew... | Add Spec... | Group Active | Update Inactive | Degrees of Freedom IIJ

Figure 1.94

Cer=|

_—
Designl Parameters I Side Ops IHaling I ‘wiorksheet I Performance I Flowsheet I Reactions I Dyramics |

Delete |

Column Environment... |

Fun |

Beset |
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The table in the Optional Checks group displays the Iteration
number, Step size, and Equilibrium error and Heat/Spec error.

The column temperature profile appears in the Profile group.You can
view the pressure or flow profiles by selecting the appropriate radio
button

The status indictor has changed from Unconverged to Converged.

2. Click the Performance tab, then select the Column Profiles page
to access a more detailed stage summary.

Column: DePropanizer / COL1 Fluid Pkg: Basis-1 / Peng Robinson | _ (O] x| I
- B asi
Performance Reflux Fatio 1.000 X
S Freboil Fiatio EXTE ‘ £+ Flows " Energy ‘ ’7 & Molai  © Mass O Lighal ‘
Column Profiles Temperature Pressure Met Liquid Met W apour Met Feed Met Diravus
Feeds/Products [F] [psial [MMSLCFD] [MMSLCFD] [MMSCFD] [MMSCFD] |
Flots Condenser 48.74 200.0 2.35000 2.3500
1_Main TS a4.42 200.0 2.39242 4.70001
Z_ Main TS 97.34 200.6 234392 4.74244
3_Main TS 1053 2mA 2.29964 469393
4_ Main TS 111.0 207 2.26845 4 64965
5__Main TS 1160 2022 481111 461848 2.9820
E__Main TS 1546 2028 5.30777 417910
7_Main TS 163.7 2033 5.45974 467575
g__Main TS 1782 2039 5.52733 4.82773
9__Main TS 1838 204.4 5.56523 483538
10__Main TS 1878 205.0 5.58798 4.93322
Fiebailer 180.6 206.0 4.95557 0.63202
o Design I Pararmeters I Side Ops I Rating I ‘worksheet  Performance I Flowsheet I Reactions I Dynamics |
Delete | Column Environment... | Run Reszet | _ W Update Outlets [~ |gnored

Accessing the Column Sub-flowsheet

When considering the column, you might want to focus only on the
column sub-flowsheet. You can do this by entering the column
environment.

1. Click the Column Environment button at the bottom of the column
property view.

UniSim Design desktop now displays the Column Sub-flowsheet
environment.

Figure 1.96

The Environment label displays DePropanizer (Coll).

GasProcessing.usc - UniSim Design R350

File Edit Simulation Flowsheet Column PFD Tools Window Help

) .
N E Cmalk[Ee(e o=le/ar e S e
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o

PFD icon

Workbook icon

2. In this environment you can do the foll

1-67

owing:

e Click the PFD icon to view the column sub-flowsheet PFD.

Figure 1.97

PFD - DePropanizer (COL1)

HH P Hid 0AP

& I Default Colour 5cheme vl

[0 <]

—
Ovhel

To
Condenzer

—
Reflux Condenser

hitgin TS

-
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-
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-

S eall .
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T PFD1

e Click the Workbook icon to view a
sub-flowsheet objects.

Workbook for the column

Figure 1.98
Workbook - DePropanizer (COL1) [_ O] =]

MHame Feflus | To Condenser Boilup To Reboiler Ovhd
“apour Fraction 0.0000 1.0000 1.0000 0.0000 1.0000
Temperature [F] 48.74 a4.42 180.6 187.8 48.74
Pressure [psia] 200.0 200.0 205.0 205.0 200.0
holar Flow [MMSCFD] 2350 4700 4956 5588 2350
tazs Flow [Ib/hr] 1.115e+004 1.926e+004 3.134e+004 3.536e+004 8110
Liquid Volume Flow [barrel/day] 1561 2908 37R4 4245 1348
Heat Flow [Btuhr] -1.3559e+007 -2.203e+007 -2.927e+007 -3.702e+007 -1.034e+007
Hame LiguidProd TowerFeed = Mew =

“Yapour Fraction 0.0000 0.0187

Temperature [F] 190.5 20.84

Pressure [psia] 205.0 580.0

holar Flow [MMSCFD] 0.6320 2982

tazs Flow [Ib/hr] 4014 1.212e+004

Liquid Volume Flow [barrel/day] 4804 1828

Heat Flow [Btushr] -4.185e+008 -1.6159e+007

¥ Horizontal Matris

— N
Matenal Slleamsl Compositions I Energy Sheamns I Unit Ops |

’ Condenser

Fluid Pkg I All vl

[ Show Name Only
Nurnber of Hidden Objects: 1]

@ .

Column Runner icon

main flowsheet, property view.

Click the Column Runner icon to access the inside column
property view.

This property view is essentially the same as the outside, or
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main flowsheet by clicking the Enter Parent Simulation
Environment icon in the tool bar or the Parent Environment
button on the column Worksheet view.

1.2.9 Viewing and Analyzing
Results

1. Open the Workbook for the main case to access the calculated
results for all streams and operations.

2. Click the Material Streams tab.

Figure 1.99

* | 3. When you are finished in the column environment, return to the

Enter Parent Simulation
Environment icon

Workbook - Case (Main) [_ O] =] I
MHame Feed 1 Feed 2 izerdut Septap Seplig LT5%ap CoolGas | |
“apour Fraction 0.8352 0.9013 0.8976 1.0000 0.0000 1.0000 nazes | |
Temperature [F] E0.00 E0.00 E0.00 E0.00 E0.00 0.0000 42.97
Pressure [psia] E00.0 E00.0 E00.0 EO0.0 EO0.0 BRO0.0O BA0.0
holar Flow [MMSCFD] E.000 4.000 10.00 8976 1.024 Fma 8976
Mass Flaw [Ibhr] 1.675e+004 1.100=+004 2.775e+004 2.318e+004 4564 1.562e+004 2.318e+004
Liquid Yolume Flow [bamel/day] amez 1383 4335 4342 6529 3167 4342
Heat Flow [Btuhr] -2.553e+007 -1.6282+007 -4.180e+007 -3.605e+007 -5.756e+006 -2.725e+007 -3.652e+007
Hame SalesGas ColdGas LT5SLig SalesDP ToweiFeed Ovhd LiquidProd
“apour Fraction 1.0000 0.7818 0.0000 1.0000 0.0ma7 1.0000 0.0000
Temperature [F] 50.00 0.0000 0.0000 5.269 20.84 48.74 180.6
Pressure [psia] 570.0 520.0 520.0 a00.0 BR0.0 200.0 205.0
olar Flow [MMSCED] 7018 8576 1.953 78 21982 2350 0.6320
Mazs Flow [IbAhr] 1.562e+004 2.318e+004 7561 1.562e+004 1.212e+004 a110 4014
Liquid Yolume Flow [bamel/day] 3167 4342 1175 3167 1528 1348 480.4
Heat Flow [Bhushr] -2.678e+007 -3.769e+007 -1.043e+007 -2.744e+007 -1.619e+007 -1.034e+007 -4.185e+006 |

N Maternal Streams I P.T Flows I Compositions I Energy Streams I Urit Ops |
Fluid Pkg I All vl
[ Include Sub-Flawsheets
] Show Name Only
¥ Horizontal Matris Nurnber of Hidden Objects: 1]
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L

Object Navigator icon

3

. Click the Compositions tab.

Workbook - Case {Main) [_ o] =] I
Name Feed 1 Feed 2 PelimerClut Sepap Seplig LT5Vap CoolGas | |
Comp Maole Frac [Mitrogen] 0.0700 00173 00132 0.0145 00017 0.0173 no4s ||
Comp Maole Frac [CO2] 0.0100 0.0000 0.0060 0.0063 0.0034 0.0066 0.0063
Comp Maole Frac [Methane] 06000 0244 06093 0.E57E 0.1505 0.7664 0.E57E
Comp Maole Frac [Ethane] 0.2000 0.1EEE 01866 01846 0.2044 01565 01846
Comp Male Frac [Propane] 0.1000 0.1136 0.1054 0.0877 0.2612 0.0414 0.0877
Comp Mole Frac [i-Butane] 0.0400 0.0431 00412 00272 0.1640 0.0070 00272
Comp Mole Frac [nButane] 0.0400 0.0345 0.0378 00222 01743 0.0043 00222
Name SalesGas ColdG as LTSLig SalesDP ToweiFeed Owhd LiguidProd
Comp Maole Frac [Mitrogen] 00173 0.0145 0.0021 0.0173 0.0020 0.0025 0.0000
Comp Maole Frac [CO2] 0.0066 0.0063 0.0053 0.0066 0.0046 0.0053 0.0000
Comp Maole Frac [Methane] 07664 0.E57E 0.2677 0.7664 02412 0.3061 0.0000
Comp Male Frac [Ethane] 0.1565 0.184E 0.2854 0.1565 0.2576 0.3269 0.0000
Comp Mole Frac [Propane] 00414 0.0877 0.2534 0.0414 0.2561 0.3136 0.0200
Comp Mole Frac [i-Butane] 0.0070 00272 0.0333 0.0070 01218 0.0333 0.4430
Comp Mole Frac [n-Butane] 0.0043 00222 0.0862 0.0043 01166 0.0052 0.5303 Rl
] I aterial Streams I P.T Flow Compositions I Energy Streams | Unit Ops |

_ Flid Pkg [ 21 -

MI-100

[ Include Sub-Flowshests
[l Shaw Name Dnly
¥ Harizontal b atris Murber of Hidden Objects: 1}

Using the Object Navigator

In this section, you will use the Object Navigator to view properties for

a

particular stream or operation. The Object Navigator allows you to

quickly access the property view for any stream or unit operation at any
time during the simulation.

1

. To open the Navigator, do one of the following:

e Press F3.

< From the Flowsheet menu, select Find Object.
« Click the Object Navigator icon.

The Object Navigator view appears:

Figure 1.101

Object Navigator =] E3 I
Flowshests ————— ~Unit Operation Filker
LATL e AL ||| Chiller Al
DePropanizer [COLT] DePropanizer £ Sheams
DewPaint
Gas/Gas @ UnitOps
InletSep i Logicals
LTS " Custom
Mi-100
Mix-101 Setup Custam
Build Find.. |[ wew | Concel |

The UnitOps radio button in the Filter group is currently selected, so
only the Unit Operations appear in the list of available objects.

To open a property view, select the operation in the list and click the
View button, or double-click on the operation.
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You can start or end the
search string with an
asterisk (*), which acts
as a wildcard character.
This lets you find
multiple objects with one
search. For example,
searching for VLV* will
open the property view
for all objects with VLV
at the beginning of their
name.

< To change which objects appear, select a different radio button
in the Filter group.

- To list all streams and unit operations, select the All button.
3. You can also search for an object by clicking the Find button.
When the Find Object view appears, enter the Object Name, then

click the OK button. UniSim Design opens the property view for the
object.

Using the Databook

The UniSim Design Databook provides you with a convenient way to
examine your flowsheet in more detail. You can use the Databook to
monitor key variables under a variety of process scenarios, and view
the results in a tabular or graphical format.

For this example, the effects of LTS temperature on the Sales Gas dew
point and flow rate, and the Liquid Product flow rate will be examined.

Defining the Key Variables

Before opening the Databook, close the Object Navigator or any
property view you might have opened using the Navigator.
1. To open the Databook, do one of the following:

e Press CTRL D.

e Open the Tools menu and select Databook.

The Databook appears as shown below.

Figure 1.102

EIBX

DataBook

Ayailable D ata Entries

Object “Wariable

Delete ALL

Drel All Urused

Inzert Object And Yarable Groups... | Insert Object &nd *ariable Pairs... |

" Variables | Process Data Tables J Strip Charts J Data Recorder J Case Studies |

2. Click the Variables tab.
Here you will add the key variables to the Databook.
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The Variable Navigator is
used extensively in
UniSim Design for
locating and selecting
variables.

The Navigator operates
in a left-to-right manner.
The selected Flowsheet
determines the Object
list; the chosen Object
dictates the Variable list;
the selected Variable
determines whether any
Variable Specifics are
available.

3. Click the Insert button.

The Variable Navigator view appears.

1-71

Figure 1.103
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4. In the Object Filter group, select the UnitOps radio button. The
Object list will be filtered to show unit operations only.

5. In the Object list, select LTS.

The Variable list available for the LTS appears to the right of the
Object list.

6. In the Variable list, select Vessel Temperature.

UniSim Design displays this variable name in the Variable
Description field.

Yariable Navigator

Flowsheat

DePropanizer [COLT]

Mavigator Scope
% Flowsheet
" Case

" Basis

" Uty

“Yariable Description:

Object Wariable
DewPoint Wapour Mass -
Chiller Wapour b azz Flow
DePropanizer ¥ apour Molar Flow
Gas/Gas W apour Moles
|nletSe; “apour To Liquid Hes

Y apour Yaolume
MI=-100 W apour Yalurne Flaw
M1 ‘Yessel Diameter

esszel Geametry [Cyl
Wessel Length or Heig
‘Yessel Mole Frac
‘Weseel Pressure
essel Pressure Drop
npersture

Wolume, lee Order

Wolume, Sorted by De

eszel Temperature

Figure 1.104

J[=] S

Add

Obiject Filter

Al

" Streams

f+ UnitOps

" Logicals
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" Custom

Custam. .

J

Lancel

7. Click the OK button to add this variable to the Databook.
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The new variable Vessel Temperature appears in the Databook.

Figure 1.105

DataBook

Ayailable Data Entries

Object Yariabls
LTS ‘essel Temperature
Delete ALL
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t\"aliahles Process Data Tables J Stip Charts J Diata Recorder J Case Studies J

Continue adding variables to the Databook.
8. Click the Insert button, and the Variable Navigator reappears.

9. In the Object Filter group, select the Streams radio button. The
Object list is filtered to show streams only.

10. In the Object list, select SalesDP.

The Variables list available for material streams appears to the right
of the Object list.

11. In the Variable list, select Temperature.

12. In the Variable Description field, change description to Dew
Point, then click the Add button.

The variable now appears in the Databook, and the Variable
Navigator view remains open.

¥ariable Navigator H=] I
Flowsheet Object Wariable “Yariable Specifics ok
CaDuty » | | Specific Gravity |
DePropanizer [COL1] | ColdGas | | Specific Gravity rel Ai Add
CondDiuty Std Gas Flaw "
CoolGas Std Ideal Liq Mass De Wt lie—
Feed1 Sitd |deal Lig Yol Flow Al
Feed 2 Std Lig Vol Flow Spec
LiquidProd Steady State Specs e Stn.eams
LT5Lig Surface Tengion € UritDps
Mavigator Scope——— |LTSYap T emperature  Logicals
5 IizerCiut Thermal Conductivity  ColumnOps
* Flowshest Ovwhd Tatal Component Ligu ~ Custom 5
o Casg FiebDiub Total Camponent b as
" Basic Tatal Camponent Mal Custom... |
£ Utility SalesGas T otal Liquid Vaolurme F
Seplig — | Total Mass Fractions
5 Tatal Male Fracti
fd | [t

Wariable Description:

LCancel
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13. Repeat the previous steps to add the following variables to the
Databook:

e SalesGas stream; Molar Flow variable; change the Variable
Description to Sales Gas Production

e LiquidProd stream; Lig Vol Flow@Std Cond variable; change
the Variable Description to Liquid Production

14.Click the Close button to close the Variable Navigator view.

The completed Variables tab of the Databook appears as shown
below.

Figure 1.107

DataBook

Awailable Data Entries

Object ‘Y ariable

LTS Yessel Temperature
SalesDP Drew Point

Saleshas | Sales Gas Production |

LiquidProd | Liguid Production |

Delete
Delete ALL
Del &1 Unused
Insert Object And Yariable Groups... | Insert Object And Wanable Pairs... ‘

" Variables |_Process Data Tables J Strip Charts J Data Recorder J Case Studies |

Creating the Data Table

In this section you will create a data table to display the variables.
1. Click the Process Data Tables tab.
2. In the Available Process Data Tables group, click the Add button.

UniSim Design creates a new table with the default name
ProcDatal.

Figure 1.108

—Awvailable Process Data Tables————— Individual Process Data Selecton—————————————————

Piocess Data Table IProcData1
Object Wariable Show
LTS Vessel Temperature |
SalesDP Dew Paint l
SalesGas Sales Gaz Production nl
LiquidProd Liquid Production r

Add Al Variables| Invert AllVariables | Remowve All Vanables

f———y
Wariables  Process Data Tables | Stip Charts I D ata Recorder I Case Studies |
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Minimize icon

Steady State Simulation

3.

4.

The four variables that were added to the Databook appear in the
table on this tab.

In the Process Data Table field, change the name to Key
Variables.

Activate each variable by clicking on the corresponding Show
checkbox.

Figure 1.109
Object “ariable Show
LTS Yessel Temperature v
SalesDP DewPairt v
SalesGas Sales Gas Production ~
LiquidProd Liquid Production v

5.

Click the View button to view the Key Variables Data table, which
appears below.

Figure 1.110

Key Variables Data [_ |00}
Object ‘fariable Walue Units Tag Access Made
1 LTS Vessel Temperature 0.0000 F MoTag | Mo Transfer
2 SalesDP Dew Paint 5.269 F MoTag | Mo Transfer
3 SalesGas | Sales Gaz Production 7.018 bk SCFD MoTag | Mo Transfer
4 LiguidProd Liguid Production 4737 | banel/day Mo Tag | Mo Transfer
Wiew DataBook... |

You will access this table again later to demonstrate how its results
are updated whenever a flowsheet change is made.

For now, click the Minimize icon in the upper right corner of the
Key Variables Data view.

UniSim Design reduces the view to an icon and places it at the
bottom of the Desktop.

Using the Data Recorder

In this section you will use the Data Recorder to automatically record
the current values of the key variables before making any changes to
the flowsheet.
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1. On the DataBook view, click the Data Recorder tab.

Figure 1.111

DataBook [_[O]x]

Available Scenarios———— ~Data Recorder Data Selection
S Fiecard... Curent Scepario I
Agd Object “ariable \ncMIL\,!de
LTS Wessel Temperature
Delete SalesDP Dew Pqint
SalesGas Sales Gas Production
LiquidProd Liquid Production
—walable Display:
) Tabile
€ Graph Wigw...

Wariables I Process Data Tables I Strip Chats  Data Recorder | Case Studies |

When using the Data Recorder, you first must create a Scenario
containing one or more of the key variables, then record the
variables in their current state.

2. In the Available Scenarios group, click the Add button. UniSim
Design creates a new scenario with the default name Scenario 1.

3. In the table, activate each variable by clicking on the corresponding
Include checkbox.

Figure 1.112

—&valable Scenarios———————— ~Data Recorder Data Selection

ﬂl Current Scenaria IScenario‘I
Add | Object ariable Iru

= LTS ‘Weseel Temperature
Delele | SalesDP Dew Paint
SalesGas Sales Gas Production

LiquidProd Liguid Production

E
=
L
(]

<<= <

i ailable Display
€ Table

= Graph Miew |

 Variables I Process Data Tables I Stip Charts ~ Data Hecnldell Case Studies |

4. Click the Record button to record the variables in their current

state.
Mame for New Stete The New Solved State view appears, prompting you for the name of
State 1 the new state.
= 5. Enter the new name Base Case, then click OK.

The New Solved State view close and you return to the Databook
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-]

Minimize icon

Restore Up icon

L

Object Navigator icon

view.
6. In the Available Display group, select the Table radio button.
7. Click the View button.

The Data Recorder appears, displaying the values of the key
variables in their current state.

Figure 1.113

Data Recorder - Main |_ (O] x|
State Base Caze
LTS -Yessel Temper. 0.0000
Dew Point [F] 5,263
Sales Gas Production R
Liquid Production [baf 479.7
_—
Scenario 1
Delete: | {= Table ¢ Graph Be-Mumber |

Now you can make the necessary flowsheet changes and these
current values remain as a permanent record in the Data Recorder
unless you choose to erase them.

8. Click the Minimize button to reduce the Data Recorder to an icon.

Click the Restore Up icon on the Key Variables Data view to restore
the view to its original size.

Modifying the ColdGas Stream

In this section, you will change the temperature of stream ColdGas
(which determines the LTS temperature) and view the changes in the
process data table.

1. Click the Object Navigator icon on the toolbar. The Object
Navigator view appears

2. In the Filter group, select the Streams radio button.
3. In the Streams list, select ColdGas, then click the View button.
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The ColdGas property view appears.

Figure 1.114

ColdGas =] 3

Worksheet Stream Mame ColdGaz
- Wapour # Phage Fraction 07818
Conditions Temperature [F] 0.0000
Froperties Fressure [psia] 580.0
. Molar Flow [MMSCFD] 8.976
Cemzeelian Mass Flaw [Ib/hi] 2 316a+004
K Walue Std Ideal Liq Yal Flow [banel/day] 1342
User Variables Malar Enthalpy [Btu/lbmaole] -3.823e+004
tolar Entropy [Btu/lbmale-F] 3342
itz Heat Flow [Btuzhr] -3.763e+007
Cost Parameters Lig %al Flow &5td Cond [barrel/day] <emply>
Fluid Package Basis-1
[ 5

_— -
Wolksheell Attachments I Dynamics |

Define from Other Stream... e =5

4. Ensure that you are on the Worksheet tab, Conditions page of
the property view.

5. Arrange the two views, as shown below, by clicking and dragging on
their title bars.

Figure 1.115

Key ¥ariables Data | _ (O] x| ColdGas Y [m]

Ohiject Watiable Walue Lnits
LTS Vessel Temperature 0.0000 F Worksheet 3tream (5T - ColdGas
> — apour £ Phaze Fraction 07818
SalesDP Dew Pairt 5.269 F Conditions Temperature [F] 0.0000
.Sa\fasﬁas Sales Ga.s Pruducliun 7018 | MMSCFD s i [ '580.0
LiquidProd Liquid Praduction 4797 | barel/day Bt Molar Flow [MMSCFO] 2975
p Mass Flow [Ib/hr] 2.318e+004
] 0| K. Walue Std [deal Liq Vol Flow [barrel/day] 4342
\iew DataBook. .. User Varables Maolar Enthalpy [Btuslbrnole] -3.823e+004
= tdolar Entropy [Bturlbmale-F] 3342
ietEs Heat Flow [Btu/hr] 3.769e+007
Cost Parameters Lig %ol Flow &5td Cond [bamel/day] <emply>
Fluid Package Basis-1
KN 2

_—
Wolksheell Attachments I Dynamics |

Delete | Define from Other Stream... | e =

Currently, the LTS temperature is O°F. The key variables will be
checked at 10°F.

6. In the ColdGas Temperature cell, type 10°F.
UniSim Design automatically recalculates the flowsheet. The new



1-78

Close icon

Steady State Simulation

results are shown below.

Figure 1.116

Key Yariables Data =] 3 ColdGas =]
Ohiject Watiable Walue Lnits
LTS Vessel Temperature 10.00 F Worksheet it Wl - ColdGas
> — Wapour / Phaze Fraction 0.8201
SalesDP Dew Pairt 15.91 F Conditions Temperature [F] 10.00
SalesGiaz Sales Gaz Production 7.361 MMSCFD . 2 - .
— = - Properties Pressure [psia] 580.0
LiquidProd Liquid Praduction 451.3 | barrel/day Molar Flow MMSCFD EER
Compozitian olar Flow | | !
F - Mass Flow [Ib/hr] 2.318e+004
] | K. Walue Std [deal Liq Vol Flow [barrel/day] 4342
\iew DataBook. .. User Varables Maolar Enthalpy [Btuslbrnole] -3.796e+004
= Nt tdolar Entropy [Bturlbmale-F] 34.02
oles Heat Flow [Btu/hr] 374 e+ 007
Cost Parameters Lig %al Flow &5td Cond [bamrel/day] <empy>
Fluid Package Basiz-1
<] >

i
W'olksheell Attachments I Dyriamics |

Delete | Define from Other Stream... | L] =

The change in Temperature generates the following results:

e The Sales Gas flow rate has increased.
e The Liquid Product flow rate has decreased.

e The sales gas dew point has increased to 15.9°F. This
tergperature no longer satisfies the dew point specification of
15°F

Click the Close icon on the ColdGas stream property view and

return to the Databook.

Recording the New Variables in the Databook

In this section you will record the key variables in their new state.

1.
2.

Click the Data Recorder tab in the Databook.
Click the Record button, and the New Solved State view appears.

UniSim Design provides you with the default name State 2 for the
new state.

Change the name to 10F in LTS, then click the OK button to accept
the new name.
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Close icon

Workbook icon

4. Click the View button and the Data Recorder appears, displaying
the new values of the variables.

Figure 1.117

Data Recorder - Main |_ (O] x|
State Base Caze | 10FinLTS
LTS -Yessel Temper. 0.0000 10.00
Drew Paint [F] 5.268 15.91
Sales Gaz Production R 7361
Liquid Praduction [ba 4797 4513
-
Scenario 1
Delete | + Table (" Graph Be-Mumber |

5. Click the Close icon on the Data Recorder, then on the Databook,
and finally on the Key Variables Table.

6. Save the case.

The basic simulation for this example has now been completed. You can
continue with this example by proceeding to the Optional Study
sections, or you can begin building your own simulation case. In the
Optional Study, you will use some of the other tools available in UniSim
Design to examine the process in more detail.

1.2.10 Optional Study

In the following sections, the effects of the LTS temperature on the
SalesGas dew point and heating value are determined. Before
proceeding, re-specify the temperature of ColdGas back to its original
value of 0°F:

1. Click the Workbook icon on the toolbar.

2. On the Material Streams tab of the Workbook, click in the
Temperature cell for the ColdGas stream.

3. Type O, then press ENTER.

Using the Spreadsheet

UniSim Design has a Spreadsheet operation that allows you to import
stream or operation variables, perform calculations, and export
calculated results.
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Spreadsheet icon

Steady State Simulation

Accessing the Spreadsheet

To install a Spreadsheet and display its property view:

1. Access the Object Palette.

2. Double-click the Spreadsheet icon in the Object Palette.

The Spreadsheet property view appears.

Figure 1.118

SPRDSHT-1 1H=] E3
Spreadshest Name ISPHDSHTJ
Imparted Y ariable:
Cel Object Variable Description Edit [mpart... |
Add Impaort... |
Delete Import |
—Exported Y ariable:
Cel Dbject Variable Description EditErport.. |
Add Expart. |
Delete Export |
-=Cunneclions| Parameters I Formulaz I Spreadshest I Calculation Order ks ”—
Delete | Function Help... | Spreadshest Only... | I~ lanared

3. On the Connections tab, change the spreadsheet name to Heating

Value.

The heating value of the sales gas is calculated by importing the
stream composition into the Spreadsheet then multiplying the mole

fraction of each component by its individual heating value.

Importing Variables - First Method

In this section you will import variables on the Connections tab.

1. Click the Add Import button, and the Select Import for cell view
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appears.

NO2 and CO2 are not 2. Choose the SalesGas Object, Comp Mole Frac Variable, and

included in the Methane Variable Specific as shown.
calculation as their

individual heating values

are negligible. Figure 1.119

Select Import for cell [_ O] %]
Flowsheet Object Wariable Yariable Specifics oK.
LTSYap ] [Actual Gas Flow ﬂ CO2 g
DePrapanizer [COLT] | MikerOut Actual Liguid Flow
Ovhd Actual Volurne Flow . .
FebDuty Average Liquid Densi Object Fiter
5 alesDP Calculator = Al
g 35 L K Walue - H Nit
Seplig oo e | e ® Sl
Seplap Comp K Walue - Mizec " UnitOps
Navigator Scope TowerFeed Comp Mazs Flow " Logicals
& Flowshest DewPoint Comp Mass Frao " ColumnOps
 Case E’;‘g?é.paniza Comp kolar Flaw  Custarn
" Basiz Gas/G Comp ol Fl
Uty niep e MM s _ Cwtar_|
LTS Copy Flow Basis
bp Al B
‘Wariable Description: Cornp Mole Frac: [Methane] Cancsl
3. Click the OK button.
4. Click the Add Import button again, then select the SalesGas
Object, Comp Mole Frac Variable, and Ethane Variable Specific.
5. Click the OK button.
6. Repeat steps 4 and 5 to add the Propane Variable Specific.

For illustration purposes, the two remaining components will be
added later using an alternative import method. UniSim Design
assigned the imported variables to Spreadsheet cells A1 through
A3, by default.

7. Change the cell locations to B3 through B5 as shown in the
following figure; the reason for doing so will become apparent on
the Spreadsheet tab.

Figure 1.120

Imported Variables

Cel_| Ohbject | Yariable Description Edit lmport...
B3 SalesGas

Comp Mole Frac [Methane]

B4 SalesGas Comp Male Frac [Ethane] add |
ER I SalesGas Comp Male Frac (Propane) sl gt

Delete lmport

8. No information is required on the Parameters and Formulas tabs, so
click the Spreadsheet tab.

9. Enter the column headings as shown in the table below.

Column/Row ‘ Heading

Al Component
B1 Mole Fraction
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The UniSim Design
Spreadsheet behaves
similarly to commercial
spreadsheet packages;
you enter data and
formulas in the cells, and
calculated results are
returned.

Yiews fssociated Object
Impott Yariable
Export Formula Result

Discommect Impott/Export

Object Inspect menu

Steady State Simulation

Column/Row ‘ Heading

Ci

Comp Heat Value

D1

Total Heat Value

10. Enter the components in the Component column as shown as shown

You can move to a cell by clicking it, or by pressing the arrow keys.

in the table below.

Row ‘ Component

3 C1
4 c2
5 C3
6 iC4
7 nC4

11. Enter the component net heating values in the Comp Heat Value
column as shown in the figure below.

Figure 1.121

Heating ¥alue =]
r~Current Cel
Yariable Type: I j Exportable v
C7 “ariable: I Anales i I

& B C D -

Caompanent Male Fraction | Caomp Heat Value Tatal Heat Yalug
C1 0.7664 309.4
c2 0.1565 1619
3 0.0414 2315

FHEIREEIEEEE

ad

" Conrections I Parameters IFormulas Spreadsheet | Calculation Order Iariables ”—

Delete

Function Help... |

Spreadsheet Only... |

™ lgnored

Importing Variables - Second Method

The next task is to import the remaining two variables’ mole fractions in

the Sales Gas.

1. Select the Spreadsheet cell B6, which is reserved for the i-C4 mole

2.

fraction.

Right-click and select Import Variable from the Object Inspect

menu.

The Select Import for cell view appears.
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All formulas must be
preceded by a =.

P

o

Select the SalesGas Object, Comp Mole Frac Variable, and i-
Butane Variable Specific.

Click the OK button to accept the input and close the view.
Follow steps 1 to 4 to import the mole fraction for n-C4 into cell B7.

= Position the cursor over cell B7.
< Right-click once, and select Import Variable.

e Select the SalesGas Object, Comp Mole Frac Variable, and
n-Butane Variable Specific.

e Click the OK button.

Entering Formulas

The next task is entering the formulas for calculating the component
and total sales gas heating values.

1.
2.

3.

Cell ‘ Formula

Click in cell D3.
Type =b3*c3, then press ENTER.
This multiplies the Methane mole fraction by its Net Heating Value.

Enter the following formulas in cells D4 through D7.

D4 =b4*c4
D5 =b5*c5
D6 =b6*c6
D7 =b7*c7
4. The table should appear as shown in the figure below.

Figure 1.122

Current Cell =
Wariable Type: | Wapour Fraction v Erowsable

D7 “Wariable: Angles in: Rad w

=b7ci
A B C 1] ~
1 | Caompanent ale Fraction Comp Heat Yalue Taotal Heat Value
2 |
3| il 07664 a03.4 E.9E9E=+02
4 | C2 01565 1E14 25337e+02
5 | (] 00414 2315 9.5841e+01
6 | iC4 0.0070 3000 2.1000=+01
7 niC4 0.0043 3011 | 1.2947e+01
8 | ~
< ¥
=] Connections J Parameters J Formulaz - Spreadsheet | Calculation Order — fom

o

2

N

Click in cell C9, and type Sales Gas NHV.
Click in cell D9.

Enter =d3+d4+d5+d6+d7 in cell D9 to sum the individual
heating values.
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To add the value of Sales

Gas NHV to the Databook:

1. Click the Parameters
tab of the Heating
Value property view.

2. In the Exportable Cells

table, enter a Variable
Name for cell D9 (for
example NHV).

3. Open the Databook by

pressing CTRL D.

4.0n the Variables tab,
insert the variable,
selecting the Heating

Value operation as the
Object and NHV as the

variable.

The Adjust operation
performs automatic
trial-and-error
calculations until a
target value is reached.

Adjust icon

Steady State Simulation

The result is the NHV of SalesGas in Btu/scf.

Figure 1.123

Current Cell
Wariable Type: | §SERE ) Browsable

09 Wariable: Angles in: Fad w

=d3+d4+d5+dE+d?

A E (% o] ~

(Cl 0.7664 903.4
2 01565 1613
CH 0.0414 2315

I

| B.9656=+02
I

I

| iC4 0.0070 3000

|

|

I

2.5337e+02
9.5841e+01
2.1000e+01
nC4 0.0043 a1 1.2947e+01

Sales Gas NHY ] 1.0807e+03 |

NEERIEEEELE

3>
"~ _Connections JPalameters JFormuIas Spreadsheet | Calculation Order  jom

The current heating value of the sales gas is 1080 Btu/scf.
Whenever flowsheet changes are made that result in the re-
calculation of the stream SalesGas, the compositional changes will
be automatically transferred to the Spreadsheet, and the heating
value updated accordingly.

8. Close the Heating Value property view.

Installing an Adjust for Calculating the
LTS Temperature

Suppose the market price of your liquid product is currently
unfavourable and you want to raise the LTS temperature to leave more
of the heavier components in the gas phase. This will increase the sales
gas heating value, resulting in a bonus from the transmission company.
The sales gas must, however, still comply with the dew point
specification.

An Adjust operation can be used to adjust the temperature of the LTS
(ColdGas stream) until the sales gas dew point is within a few degrees
of the pipeline specification. In effect, this increases the gas heating
value while still satisfying the dew point criteria.

Installing, Connecting, and Defining the Adjust

1. Click the PFD icon to display the PFD and access the Object Palette
by pressing F4.

2. Click the Adjust icon on the Object Palette.

3. Position the cursor on the PFD to the right of the SalesDP stream
icon.
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#

Attach Mode icon

Click to drop the Adjust icon onto the PFD.
A new Adjust object appears with the default name ADJ-1.

Click the Attach Mode icon on the PFD toolbar to enter Attach
mode.

Position the cursor over the left end of the ADJ-1 icon.
The connection point and pop-up Adjusted Object appears.

With the pop-up visible, left-click and drag toward the ColdGas
stream icon.

When the solid white box appears on the ColdGas stream, release
the mouse button.

The Select Adjusted Variable view appears.

Figure 1.124

Select Target Yariable ForADl-1 I

“Yariable “Yariable Specifice

Dynamic P/F Specs s oy
Steady State Specs —
Fluid Package

Feed Mozzle Elevation
Product Nozzle Elevation
Wapour Fraction
Temperature

Prassure

Malar Flow

Mazs Flow

Std Ideal Liq ol Flow

Heat Flow

Paower

Calculator

Std Lin Vol Flaw Soec. 2

Description: ]

10.
11.

12.

13.

14.

At this point, UniSim Design knows that the ColdGas should be
adjusted in some way to meet the required target. An adjustable
variable for the ColdGas must now be selected from the Select
Adjusted Variable view.

From the Variable list, select Temperature.

Click the OK button.

Position the cursor over the right corner of the ADJ-1 icon. The
connection point and pop-up Target Object appears.

With the pop-up visible, left-click and drag toward the SalesDP
stream icon.

When the solid white box appears at the cursor tip, release the
mouse button.

The Select Target Variable view appears.
From the Variable list, select Temperature.
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Steady State Simulation

15. Click the OK button.

Dizw Pairt.

et

=
Sale 0P

ADJA

16. Click the Attach Mode icon to leave Attach mode.
17. Double-click the ADJ-1 icon to open its property view.
The connections made in the PFD have been transferred to the

appropriate cells in the property view.

Adjusting

the Target Variable

The next task is to provide a value for the target variable, in this case
the dew point temperature. A 5°F safety margin will be used on the

pipeline specification of 15°F, so the desired dew point is 10°F.
1. In the Connections page, enter 10°F in the Specified Target

Value field.

Figure 1.126

[_[O[ =]

ADJI-1

Connections

Connections

Notes

Adiust Hame IADJ-‘I

Adjusted Yariable

Dhject: [ColdGas Select War... |

Wariable: [Temperature

T arget Yariabl

Ohbject: SalesDF Select Var... |

Yariable: [Temperature

~Target Value

Source———————————————

& User Supplied Specified T arget Yalue
= Another Object To0F

= SpreadSheetCel Object

Cunnecliunsl Parameters IMUnitUr I User Yariables |

|
Delete |

Urnlknovin Masirum

Start |

[ lanored

pwn

Click the Parameters tab.

In the Step Size cell, enter 5°F.

In the Parameters page, enter 0.1°F in the Tolerance cell.

No values will be entered in the Minimum and Maximum field, as
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Close icon

these are optional parameters.

Figure 1.127

Parameters

Parameters

e
Connections  Parameters | Monitar I User Variablss |

~Salving P:
™ Simulktaneous Solution
hethod Secant
Tolerance 010000 F
Step Size 5.0000 F
Minirmurn [Optional <UInbounded:
b airnum [0 ptional) <IInbounded:
I awimum Iterations 1a
Sim Adj Manager...
I DOptimizer Controlled

5. Click the Monitor tab.
This tab enables you to view the calculations.
6. Click the Start button.
The Adjust converges on the target value within the specified
tolerance in five iterations. An LTS temperature (adjusted variable)
of 4.4°F gives a sales gas dew point (target variable) of 10°F.
Figure 1.128
Monitor lteration Histor
Tables [Total lterstions [ 5]
Plots ter Adiusted Value Target[:;alue Residual
1 0.000 5.269 -2.629
2 0.500 5.802 -2.332
2 0.735 E.0E4 -2.187
4 h.525 11.147 0.6372
5 4.444 9.993 -3.305e-004
Connections I Pararneters Mnnilnll User Variables |
- —
Delete I ™ lgnored
The Adjust has changed the LTS temperature from the original
value of O°F to 4.4°F. The new sales gas heating value can now be
compared to the previous value to see the effect of this change.
7. Click the Close icon on the Adjust property view.
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Results of the Study

1. Open the Workbook to access the calculated results for the entire
flowsheet.

The Material Streams and Compositions tabs of the Workbook
appear below.

Figure 1.129

Workbook - Case {(Main) [_ (O]
M ame Feed 1 Feed 2 timerClut Sepyap Seplig LT5Yap CoolGas | «|
“apour Fraction 0.8952 0.9013 0.8976 1.0000 0.0000 1.0000 0.9424
Temperature [F] E0.00 E0.00 B0.00 B0.00 B0.00 4.444 4354
Pressure [psia] G00.0 G000 600.0 600.0 600.0 580.0 590.0
Molar Flow [MMSCFD] E.000 4.000 10.00 8.976 1.024 7172 8.976
Mass Flow [IbA] 1.675e+004 1.100e+004 2.775e+004 2.318e+004 4864 1.513=+004 2.318e+004
Liquid Yolume Flow [barrel/day] 3mz2 1983 4395 4342 B52.9 3253 4342
Heat Flow [Btushr] -2 563e+007 -1.628e+007 -4.180e+007 -3.605e+007 -5.766e+006 -2.791e+007 -3.649e+007
Mame SalezGas ColdGaz LT5Lig SalesDP TowerFeed Ovhd LiguidProd
“apour Fraction 1.0000 0.7330 0.0000 1.0000 0.0168 1.0000 0.0000
Temperature [F] 50.00 4.444 4.444 9.953 2473 50,98 1907
Pressure [psia] 570.0 580.0 580.0 800.0 580.0 200.0 205.0
Molar Flow [MMSCFD] 7172 8.976 1.805 7172 2.828 2212 0.6160
Mass Flow [IbA] 1.613=+004 2.318e+004 7054 1.513=+004 1.162e+004 7705 3912
Liquid Yolume Flow [barrel/day] 3253 4342 1089 3253 1742 1273 4681
Heat Flow [Btushr] -2 7 4Ee+007 -3.766e+007 -9.668e+006 -2.809e+007 -1.541e+007 -9.765e+006 -4.077e+006 ;I

_—
Material Slleamsl P.T.Flow I Compositions I Energy Streams I Unit Ops |

Fluid Pka I All VI
l<-100

[ Include Sub-Flowshests

[0 Show Name Oriy

[ Huarizantal M atriz

Mumber of Hidden Objects: 0

Mame Feed 1 Feed 2 fdixerOut Sepvap Seplig LT5Wap CoolGas | «|
Comp Maole Frac (Mitrogen) 0.0700 0.0173 0.0132 00145 0007 00176 na4s | |
Comp Mole Frac (COZ) 0.0100 0.0000 0.0060 0.0063 0.0034 0.0066 0.0063
Comp Mole Frac (Methane] 0.6000 0.6244 0.6033 06576 01305 07578 06576
Comp Maole Frac (Ethane] 0.2000 01666 0.1866 01846 02044 01605 01846
Comp Maole Frae (Propane] 01000 01136 01054 00877 02612 00442 00877
Comp Maole Frac (i-Butans] 0.0400 0.043 0.0412 00272 01640 00078 00272
Comp Maole Frac [n-Butane] 10,0400 0.0345 0.0378 00222 01748 0.0043 00222
Mame SalesGasz ColdGasz LT5Lig SalezDP TowerFeed Owhd LiquidPrad
Comp Maole Frac (Mitrogen) 0.0176 0.0145 0.0021 00176 00013 0.0025 0.0000
Comp Mole Frac (COZ) 0.0066 0.0063 0.0051 0.0066 0.0045 0.0057 0.0000
Comp Mole Frac (Methane] 0.7578 0.6576 0.2533 07578 02344 02337 0.0000
Comp Maole Frac (Ethane] 01605 01846 0.2802 01605 02528 03232 0.0000
Comp Maole Frae (Propane] 0.0442 0.0877 0.2581 00442 02582 03258 0.0200
Comp Maole Frac (i-Butans] 0.0078 0.0272 01044 00078 01253 0037 04443
Comp Maole Frac [n-Butane] 0.0043 0.0222 0.0902 0.0043 01212 00080 05351 Rl

Material Streams IF‘,T,FIDW Cumposilionsl Energy Streams IUnitDps |

You can continue to this
dynamic section with the
case you built during the
steady state section, or
you can open the
completed steady state
version (which is the
starting point for this
dynamic section) called
TUTOR1.usc in the
UniSim Design\Samples
directory.

1.3 Dynamic Simulation

In this tutorial, the dynamic capabilities of UniSim Design will be
incorporated into a basic steady state gas plant model. The plant takes
two different natural gas streams containing carbon dioxide and
methane through n-butane and combines and processes them in a
simple refrigeration system. A series of separators and coolers removes
the heavier hydrocarbon components from the natural gas stream,
allowing it to meet a pipeline dew point specification. The heavier liquid
component of the gas stream is processed in a depropanizer column,
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yielding a liquid product with a specified propane content.

Figure 1.130

Feed

Feed2 o0

Mizerout

=k Ovhd
DePropanizer =+ CondDuty
—
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C3Duw-‘ %Id 4= RebDuty
LTS == LiguiciProc
CoolGas ColdGas
Chiller
tES TowerFeed
—p SalesGas
=
InletSep L'b"'q Lgwer
Sep LTS
3 Lc Walve
L ] H‘;
LTSExi S — Sl
— Dq — Tawrerlnlet Tawer ‘Tower @
Seplig Sef SepExt MIH-101 Vel n Hester
Valve

This is only one method
of preparing a steady
state case for Dynamic
mode.

A completed dynamic
case has been pre-built
and is called
dyntutl.usc in the
UniSim Design\Samples
directory.

In this Tutorial, you will
follow this basic
procedure in building the
dynamic model.

The Dynamics Assistant will be used to make pressure-flow
specifications and size pieces of equipment in the simulation flowsheet.
It is also possible to set your own pressure-flow specifications and size
the equipment without the aid of the Dynamics Assistant.

This tutorial will comprehensively guide you through the steps required
to add dynamic functionality to a steady state gas plant simulation.

To help you navigate these detailed procedures, the following
milestones have been established for this tutorial:

1. Modify the steady state model so that a pressure-flow relation
exists between each unit operation.

2. Implement a tray sizing utility for sizing the Depropanizer column.

3. Use the Dynamics Assistant to set pressure flow specifications and
size the equipment in the simulation case.

4. Install and define the appropriate controllers.

5. Set up the Databook. Make changes to key variables in the process
and observe the dynamic behaviour of the model.

1.3.1 Modifying the Steady State
Flowsheet

It is necessary to add unit operations such as valves, heat exchangers,
or pumps, to define pressure flow relations between unit operations
that have no pressure flow relation. In this tutorial, valve operations
will be added between Separator, Mixer, and Column operations.
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In the Dynamic
simulation part of this
tutorial you will work with
the default Field units.

Close icon

Dynamic Simulation

A Heater operation will also be added between the Mixer and Column
operation for dynamic simulation purposes. Installing a heater allows
you to vary the temperature of the feed entering the column.

Valves will be added to the following material streams:

e Sepliq
e LTSLiq
e TowerFeed
- LiquidProd

The first task is to set the session preferences.

1.

N

ook w

Open the pre-built case file TUTOR1.usc.

The steady state Gas Processing simulation file TUTOR1.usc is
located in your UniSim Design\Samples directory.

From the Tools menu, select Preferences.

The Session Preferences view appears.

Click the Variables tab, then select the Units page.

In the Available Unit Sets group list, select Field.

Click the Simulation tab, then select the Dynamics page.

In the Assistant group, uncheck both the Set dynamic stream
specifications in the background and the Perform checks
when switching to dynamics or starting the integrator
checkboxes.

Figure 1.131

= Session Preferences (UniSimDesign.PRE) E@E

Cimulaki Diazistant
[~ Set dynamic stream specihcations in the background

Options
£ [v Perform checks when switching to dynamics or starting the integrator.
1nors
Desktop Contraller Optiors
Nami v Trace controller alarm messages
aming
Tool Tips Pressure Flow Solver
Dynamics [~ lgnaore convergence failures [up ta five consecultive times)
Steady State [Murnernical errors will be ignored i sent b the ace window. ]
Performance
Licensing D atalogger Options

Column Loager Size (300 Sample Interval  |000:00:20.00

Statuz Window
Other

™ Delete internal sub-flowshest streams when external streams are deleted.

Trace Window
Cut/Copy/Paste

=

Si i ‘\u"anables JHepDrts JFi\es Resources J Extensions J Oil Input J Tray Sizing J—‘

Save Preference Set... Load Preference Set...

7.

Close the Session Preferences view along with all the open views on
the UniSim Design desktop (except for the PFD view) by clicking the
Close icon in the top right corner of each view.

In the PFD, the stream pressure for Feed 2 will be deleted so that it
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.2

Break Connection icon

L

Valve icon

]

Attach Mode icon

10.

11.
12.
13.

14.

15.
16.

17.
18.
19.

20.

21.
22.
23.

will be calculated by the MIX-100 in dynamic mode.

Double-click the Feed 2 stream icon to open its property view.

On the Conditions page of the Worksheet tab, click in the
Pressure cell, then press DELETE to remove the stream pressure.

Close the stream property view.

Next you will change the pressure setting for the MIX-100 so that
the whole PFD can be simulated.

Double-click the MIX-100 icon to open its property view.
On the Design tab, select the Parameters page.

In the Automatic Pressure Assignment group, click the Equalize All
radio button.

Close the MIX-100 property view.

Next you will insert a valve operation between the SepLiq stream
and the MIX-101 unit operation.

Click the Break Connection icon in the PFD toolbar.
Break the SepLig stream connection by doing the following:

- Position the mouse pointer over the connection line between the
SeplLiq stream icon and the MIX-101 icon.

< When the mouse pointer has a checkmark beside it, left-click
and the SeplLiq stream will disconnect from the MIX-101.

Open the Object Palette by pressing F4.

On the Object Palette, right-click and hold on the Valve icon.
Drag the cursor over the PFD.

The mouse pointer becomes a bullseye.

Position the bullseye pointer beside the SepLiq stream and release
the mouse button.

A Valve icon named VLV-100 appears.
Double-click the VLV-100 icon on the PFD to open its property view.
In the valve property view, specify the following connections:

Tab [Page] In this cell...

Design Name Sep Valve

[Connections] Inlet SeplLiq
Outlet SepExit

Design [Parameters] Delta P 25 psi

24,
25.

Click the Close icon to close the valve property view.

Connect the SepExit stream to the inlet of the MIX-101 unit
operation by doing the following:

e Click the PFD Attach Mode icon.

= Position the mouse pointer at the tip of the SepExit stream
arrow. A white box appears.
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Dynamic Simulation

26.

27.

e Click and drag the pointer to the left side of MIX-101. A white
box appears, indicating a connection point.

e Release the mouse button to complete the connection.

 Click the Attach Mode icon again to exit from the attach mode.
Next you will insert a valve operation between the LTSLiq stream
and the MIX-101 unit operation.

Break the line between the LTSLiq stream and the MIX-101 unit
operation.

= Click the Break Connection icon in the tool bar.

e Click to the right of the arrow on the LTSLiq stream.

Install a second valve operation.

< On the Object Palette, right-click the Valve icon.

< Drag the cursor to the right of the LTSLiq stream.
* Release the mouse button.

28. Double-click the valve icon to open its property view.
29. Specify the following connections:
Tab [Page] In this cell...
Design Name LTS Valve
[Connections] Inlet LTSLiq
Outlet LTSEXxit
Design [Parameters] Delta P 5 psi

30.
31.

32.

Close the valve property view.
Attach the LTSEXxit stream to the MIX-101 unit operation.

e Click the Attach Mode icon

e Move the cursor over the LTSExit stream icon. A white box
appears.

= Click and drag the cursor to the inlet side of the MIX-101 icon. A
white box appears, indicating a connection point.

< Release the mouse button to complete the connection.

= Click the Attach Mode icon again to exit the attach mode.
Next you will add a valve operation between the MIX-101 unit
operation and the TowerFeed stream.

Break the line between the TowerFeed stream and the MIX-101 unit
operation. Be sure to break the line to the left of the TowerFeed
stream arrow.

33. Install a third valve operation with the following connections:
Tab [Page] ‘ In this cell... ‘ Enter...
Design Name Tower Valve
[Connections] Inlet Towerln
Outlet Towerlnlet
Design [Parameters] Delta P 363 psi
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34. Close the valve property view.

You can use the scroll 35. Click the Attach Mode icon, then connect the Towerln stream to
?r?erspfzoD“aV'gate around the exit of the MIX-101 unit operation.

You can also use the 36. Exit the attach mode.

PAGE UP and PAGE 37. Install a Heater operation and position it near the Tower Valve and
DOWN keys to zoom in .

and out of the PFD, the DePropanizer.

respectively. « In the Object Palette, click once on the Heater icon.

e In the PFD, click where you want to insert the heater.

38. Open the heater property view and specify the following
connections:

Tab [Page] ‘ In this cell... ‘ Enter...
Design Name Heater
[Connections] Inlet Towerlnlet
Outlet TowerFeed
Energy Heater Q
Design [Parameters] Delta P 9 psi

39. In the heater property view, click the Worksheet tab, then select
the Conditions page.

40. In the Temperature cell of the TowerFeed stream, enter 24.73°F.

Figure 1.132

I (]|
Worksheet Name Towerlnlet ToweFeed Heater &
-~ Wapour 0.2633 0.3967 <emplys
Conditions Temperature [F] -6.448 24.73 <Lemply
Propertiez Pressure [psia] 2120 203.0 LEmplys
P Molar Flave [Ibmole/hr] 3106 06 {Emplys
By Mass Flow [b/hi] 116224004 | 116224004 <empiy>
PF Specs Std Ideal Lig ol Flow [banel/day] 1742 1742 {Emplyy
Malar Enthalpy [Biu/lbmole] -4.963e+004 -4.832e+004 <Emply
Malar Entropy [Btudlbmale-F] 2618 29.00 {emplys
Heat Flow [Btushi] -1.542e+007 | -1.507e+007 4.064=+005

Design |Hating Worksheet | Performance | Dynamics |
Doktc | O [ Lorcred

41. Close the Heater property view.

When considering pieces Next you will add a valve to the LiquidProd stream in the Column
of equipment associated b-fl heet
with a column, it may be sub-flowsheet.

necessary to enter the
Column sub-flowsheet
environment.
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The Object Palette in the
Column Environment
contains fewer available
unit operations than the
Object Palette in the
Parent Environment.

@

Run Column Solver icon

Dynamic Simulation

42.Double-click the DePropanizer column to open its property view.

Column: DePropanizer # COL1 Fluid Pkg: Basiz-1 / PengRobinson

Parameters —Steady State Profile: m——
Profiles | Optianal E stimates ’7 & Molar  Mass  Walume
) Stage) Pressure Temp Met Liquid | Met Vapour
Estimates [psia] [F] [Ibmaleshr] | [bmaledhr] | Pressure vs. Tray Number
Efficiencies Condenser 1 200.0 40.00 2443 244.3
1__tain TS 2 200.0 88.42 2483 4885
Salver ?_ManTS 3 2006 014 2444 4931
2/3 Phase 3_ManTS 4 2011 109.0 2405 4887 F
4_Main TS 5 20.7 1142 2378 4848 -
5_Main TS 3 202.2 117.8 450.2 4820 - K
E_Main TS 7 202.8 156.0 496.4 3839
7_Man TS 8 203.3 1705 510.6 4301 = H/
8_tain TS g 203.9 1787 516.9 4442
3 tainTS 10 204.4 184.2 5204 4506
10__Main TS 11 205.0 1881 5225 454.0
Reboiler 12 205.0 200.0 BE.34 4561
{ipdate from Salu |Dn| Clear Tray | Clear All Traps | Lock | Unlock | Stream Estimates...

Design Palametetsl Side Ops IHating I “wfork sheet I Peiformance I Flowshest I Reactions I Dyriamics |

Delete | Column Environment. . | Fiun | Reset | _ v Update Dutlets [ Jgnored

43. Click the Column Environment button to enter the Column Sub-
flowsheet environment.

Next you will inset a valve operation between the LiquidProd stream
and the Reboiler unit operation.

44.In the PFD of the column sub-flowsheet, break the connection
between the LiquidProd stream and the Reboiler unit operation.

45.Press F4 to open the Object Palette.

46. Install a valve operation between the Reboiler and the LiquidProd
stream icon. Move the LiquidProd stream to make room if required.

47.0pen the valve property view and specify the following connections:

Tab [Page] ‘ In this cell... ‘ Enter...
Design Name Reboil Valve
[Connections] Inlet LiquidExit
Outlet LiquidProd
Design [Parameters] Delta P 25 psi

48. Close the valve property view.

49.Press CTRL to connect the LiquidExit stream to the liquid exit
connection point of the Reboiler.

50. Click the Run Column Solver icon in the tool bar.
The column will solve with the existing column specifications and
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the added valve unit operations.

Figure 1.134
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Next you will delete unit operations that have no impact on the
Dynamic solver.

+ 51. Return to the Main Flowsheet environment by clicking the Enter
Parent Simulation Environment icon in the toolbar.

Enter Parent Simulation 52. Close the DePropanizer column property view.
Environment icon

The ADJ-1 and DewPoint logical operations have calculated the
ColdGas stream temperature required to achieve a 10°F dewpoint
in the SalesGas stream.

53. In the PFD, double-click the ColdGas icon to open the stream
property view.

Figure 1.135

ColdGas =] E3
Worksheet Stream Mame CaoldGas
Conditi Wapour / Phaze Fraction 073892
il Temperature [F] 4 4332
Froperties Pressure [psia] A80.02
. tolar Flovs [Ibmoleshr] 985.64
[o¢ I
SR Mass Flaw [Ib/hi] 382
K Walue Std Idzal Liq Yal Flow [banel/day] 43420
User Variables Malar Enthalpy [Btu/lbmale] -3.811e+004
N talar Entropy [Btudlbmale-F] 33722
el Heat Flow [Btushi] 3. 756de+07
Cost Parameters Lig Vol Flow @5td Cond [barrel/day] £ emply:
Fluid Package B asiz-1
] 0

—
Wulksheell Attachments I Dyriamics |

Delete | Define from Other Stream | @ =

1-95



1-96

When you delete a
stream, unit or logical
operation from the
flowsheet, UniSim Design
will ask you to confirm
the deletion.

For more information on
Session Preferences refer
to Section 12.5 - Files
Tab in the UniSim
Design User Guide.

Dynamic Simulation

54. Record the temperature of the ColdGas material stream so that it

Variable

Cold Gas Stream Temperature

may be controlled in Dynamic mode:

‘ Value

4.433°F

55.
56.

57.

58.

59.

60.

1

Close the ColdGas property view.

On the PFD, click on the ADJ-1 logical operation icon, then press the
DELETE key.

UniSim Design prompts you to confirm that you want to delete the
object. Click the Yes button.

Delete the DewPoint logical operation and the SalesDP material
stream from the PFD.

Ensure that the Standard Windows file picker radio button is
selected on the File tab in the Session Preferences view.

From the File menu, select Save As. Save the file as DynTUT1-
1.usc.

.3.2 Column Sizing

In preparation for Dynamic operation, the column and surrounding
equipment must be sized. In the steady state environment, column
pressure drop is user-specified. In dynamics, it is calculated using
dynamic hydraulic calculations. Complications will arise in the transition
from steady state to dynamics if the steady state pressure profile
across the column is very different from that calculated by the
dynamics pressure-flow solver.

Column Tray Sizing

1.

To access the Available Utilities property view, do one of the
following:

e Press CTRL U.
e From the Tools menu, select Utilities.
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2. Scroll down the list of available utilities and select the Tray Sizing
utility.

Available Utilities [ [C=] I

ope Ltiity-1

Dierivative Uity
Enwelope Ukility
FFRI Tray Rating
Hydrate Farmation Utility

Petraleum Assay Ltiity
Fipe Sizing

Property Balance Utility
Property Table

User Property
Weszel Sizing -

View Utity... | Add Uiy

Delete Utility

3. Click the Add Utility button.
The Tray Sizing view appears.

Figure 1.137

Tray Sizing: Tray Sizing-1 M= B3 I

Mame Tray Section

Tray Sizing-1| Select TS...
Setup

Design

~Setup Section:

Specs

Section Name
Start

Motes End

Internals
Mode

Active

Status

Design Limit
Limiting Stage

Traw Internals

Add Section... I Copy Section I

Lt Section... | Bemove Sectian |

% Liquid Draw IU-DD % Uze Tray Yapour to Size I Ask Each Time =

Design | Peformance | Dynamics

Dot | | e SEE R I Iored

4. In the Name field, change the name to DEPROP TS.
5. Click the Select TS button.
The Select Tray Section view appears.
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6. In the Flowsheet group, select DePropanizer. In the Object group,
select Main TS. Click the OK button.

Select Tray Section

Ok

Object Filter

All

Shizams
UnitOps
Logicals
ColumnOps
Custarmn

Custarm. .

[ Diseres |
Cancel

Flowshest Object

Caze [Main)
DePropanizer [COL1)

8 0 e i i B

7. In the Setup Sections group, click the Auto Section button.

The Auto Section Information view appears. The default tray
internal types appear as follows:

Figure 1.139

Auto Section Information

Internal Type
" Sieve " Walve (" Bubble Cap " Packed

Area Tolerance

When the ratio bebween the current cale'd area
and either of min/max previous areas for the

0.5000 section exceeds this tolerance, a new diameter

section is started.
Higher mare sections; lower fewer sections.

MFP Diam Factor

‘when a new number of flow paths will result in a

WG] diameter diff >= diam fact * old diamster, a new
. NFP section iz started.
Nat required for packed columns.
Lower more sections; higher fewer sections.

LCancel

8. Select the Valve radio button and click Next.
The Tray Section Information view displays the specific dimensions
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of the valve-type trays.

Figure 1.140

Tray Section Information | x|
Intemal
 Sieve 0 Valve  C Bubble ¢ Packed
—alve Tray
Orifice Type Straight
Diesign Manual Glitzch
Yalve Mat| Density 513.2 |63
Walve Mat Thickness 0.0ED in
Hole Area [ of 4] 1530 %
—Common Tray Propertie:
Tray Spacing 24.00 in
Tray Thickness 0.1250in
Tray Foaming Factor 1.000
Max Trap dP [t of liquid] E.000 in
Max Trap Flaoding 85,00 %
~DCAeir Info
“weir Height 2000 in
Man wWeir Loading 120.0 USEPM
Downcomer Type Wertical
Downcomer Clearance 1.5000n
tarimum DC Backup 50,00 %
Delete Complete &utoSection

9. Keep the default values. Click the Complete AutoSection button.
UniSim Design calculates the Main TS tray sizing parameters based
on the steady state flow conditions of the column and the desired
tray types. UniSim Design labels the DePropanizer tray section as
Section_1.

10. To confirm the dimensions and configuration of the trays for
Section_1, click the Performance tab, then select the Results
page.

Confirm the following tray section parameters for Section_1, which
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will be used for the Main TS tray sections.

Figure 1.141

T |
Section Fesult
(e o T;ayed ~ Packed Expart Pressures | Wiew Wanings... |

Reszults

Tiswed ~Tray Result;
Section Section_1 a|

Table Intesnals Yalve |

Plat Section Diameter [ft] 2.500
I ax Flooding [%] 80.61
#-Sectional Area [ft2] 4.909
Section Height [ft] 20.00
Section DeltaP [psi] 0.7140
Number of Flow Paths 1
Flow Length [in] 16.00
Flawe Width [in] 28.81
tax DC Backup [%] a7.42
Max weir Load [ISGPM/Af] B0.32
Max DPATray [psi] 0.052
Tray Spacing [in] 24.00
Tatal \Weir Length [in] 25.38
‘wieir Height [in] 2.000
Active Area [ft2] 3168 hd

e
Design Performance I Dyriamics |
Dt | I

Variable ‘ Value

Section Diameter 2.5 ft

Weir Height 21in
Remember the Max DP/ Tray Spacing 24 in
Tray value on this page. Total Weir Length 25.38in

You can view column
rofile information on the . A
-'?ame and Plot pages. 11. Click Design tab, then select the Setup page.
12. Select the Active checkbox.

13. 0On the Results page of the Performance tab, click the Export
Pressures button. For now, ignore any warnings by clicking the OK
button.

14. Close the Tray Sizing property view and the Available Utilities view.

15. Double-click the DePropanizer icon to open the Column property
view.

16. Click the Column Environment button to enter the Column sub-
flowsheet.

17.In the column PFD, double-click the Main TS Column object to open
the Main TS property view.

18. Click the Rating tab, then select the Sizing page.
19. Enter the tray section parameters as follows:

Variable ‘ Value

Diameter 2.5 ft
Weir Height 2in
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Variable ‘ Value

Tray Space 24 in
Weir Length 25.38 in

Be aware that the units for each tray section parameter may
not be consistent with the units appearing in the tray sizing
utility. Use the drop-down list to select the units you want to
input. UniSim Design automatically converts the value to the
default unit.

Figure 1.142

Open this drop-down list to select the proper units.

Main TS
Raling Tray Dimensior: 1 Section Propertie:

- Tray Space [ft] 24 ——]in =l Data
Sizing Tray ol [ft3] 3817 | | [em < | Traw Data
Heat Loss Diarneter [f] 2500 | kl/kg

mm .
! ize

Efficiencies Intemal Type Sieve frtnlcron
Pressure Drop “wheir Height [ft] 0.1667

"weit Length [f] 2115 HT

DC Yalume [t3] 3120

Active Area [ft2] <emplys

Flaws Pathz 1

20. In the Internal Type group, select the Valve radio button.
The complete Main TS tray section property view appears below:

Figure 1.143

Main TS
Rating Tray Dimenzions Section Properties
T Tray Space [f] I 2.000 ¢ Unitorm Tray Data
Sizing Tray Vol [ft3] 9.817 " Mon Unifarm Tray C'ata
MNaozzles Diarneter [f] 2500
Quick Size
HeatLoss Intemal Tppe Valve - g
Efficiencies “weir Height [in] 20000
‘weir Length [ft] 1 2115 I
& D
el D Velume [#3] 3720 |
Active Area [t2] <emplys
Flow Paths 1
“Weeping Factor 1.000 |
Tray Thickness [in] cemptyz | T
Intemal Type
" Sieve O Yalve O Bubble Cap ¢ Chimhey ¢ Sump ¢ Packed

Design Hating | ‘worksheet J Performance J Diwnamics J

Deie | I | oo

21.Close the Main TS property view.

'EE 22. Access the Column property view by clicking the Column Runner
icon.
Column Runner icon 23.In the Profiles page of the Parameters tab, note the steady state

pressure profile across the column.
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24,

25.
26.

27.
28.

29.
30.

1

The theoretical top and bottom stage pressure should be calculated
so that the pressure on stage 5_Main TS (the Tower Feed stage) is
about 203 psia, while the total pressure drop across the column is
about 0.7 psi.

In the Profiles group, Pressure column, click in the Pressure cell for
the Condenser and press DELETE.

Click in the Reboiler pressure cell and press DELETE.

Click in the Pressure cell for the top stage (1_Main TS) and input a
value of 202.6 psia.

Specify the bottom stage pressure (10_Main TS) as 203.3 psia.

Click the Run button at the bottom of the column property view to
start the Column Solver.

Return to the Parent (Main) Simulation environment.
Save the case as DynTUT1-2.usc.

.3.3 Using the Dynamics

Assistant

Before you can run the simulation case in Dynamic mode, the degrees

of freedom for the flowsheet must be reduced to zero by setting the
pressure-flow specifications. It is also necessary to size the existing
valves, vessels, coolers, and heat exchangers in the Main Flowsheet
and the Column Sub-flowsheet. The following sizing parameters must
be specified for these unit operations:

Unit Operation Sizing Parameter
Valves Cv value

Vessels Volume
Coolers/Heat Exchangers k-values

The Dynamics Assistant makes recommendations as to how the

flowsheet topology should change and what pressure-flow specifications

are required in order to run a case in Dynamic mode. In addition, it
automatically sets the sizing parameters of the equipment in the
simulation flowsheet. Not all the suggestions that the Dynamics
Assistant offers need to be followed.

The Dynamics Assistant will be used to do the following:

= Add Pressure-Flow specifications to the simulation case.
e Size the Valve, Vessel, and Heat Exchanger operations.
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1. Click the Dynamics Assistant icon in the toolbar.

]

Dynamics Assistant icon

Dynamics Assistant

The assistant has identified the fallawing items for conzideration.
If your are uzing non-uniform tray | you may loze the infarmation by chosing “Make Change".

Make changes «

Enable stream pressure specifications |
Append new valves and streams |
Enable pressure flow equations not pressure drop |
Enable internal stream flow specifications o
Mizcellaneous specification changes
Waolumes not known |
Pressure flow k values not known |
Tray section pressure profile needs attention |

-

About... Preferences. .. |

" General | Streams J Pressure Flow Specs J Unknown Sizes J Tray sections Jer J r

Analyze Again | Make Changes | Lancel |

Green checkmarks appear in the Make Changes column beside all
recommendations by default. You can choose which
recommendations will be executed by the Assistant by activating or
deactivating the checkboxes beside each recommendation.

Browse through each tab in the Dynamics Assistant view to inspect
the recommendations.

The Streams tab 2. Click the Streams tab.
contains a list of

recommendations
regarding the setting or Figure 1.145

removing of pressure-

flow specifications in the Dynamics Assistant [_1O[ =]
flowsheet.
Stream Specs Femave pressure specifications in these streams:
Pressure Specs Mo, Mame Ok
Flaw Specs [ fieel] [
Uninitislized
Insert Yalves

Int. Flow Spec
Set pressure specifications in these streams;

Mo, Mame 0k
0 LiquidProd | ¥
1 SalesGas | W

Tell me why..

~ Generdl Stleamsl Pressune Flow Specs I Urkniown Sizes I Tray sections Ier I ]—

Lnalyze Again |

e Ehanges | Cancel |
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If some of the columns 3. For each page in the Streams tab, set the following

or rows on the pages are recommendations as active or inactive according to the table shown
not visible, use the scroll

bars beside or under the below:
information area to bring
the columns or rows into Tab [Page] ‘ Recommendation ‘ Stream ‘ OK Checkbox
view.
Streams Remove Pressure Feed 1 Active
[Pressure Specs] | Specifications
Set Pressure LiquidProd Active
Specifications SalesGas Active
0K Streams [Flow Remove Flow Feed 1 Inactive
I : Specs] Specifications Feed 2 Inactive
An active -
recommendation will be Streams [Insert Insert Valves Feed 1 Inactive
implemented by the Vvalves] Feed 2 Inactive
Dynamics Assistant. ovhd Inactive
Streams [Int. Set Internal Flow Reflux Active
(]S hp .
B Flow Spec] Specification
An inactive )
recommendation will be 4. Click the Pressure Flow Specs tab.

ignored by the

Dynamics Assistant. N
Figure 1.146

Dynamics Assistant [_[O]

Pressure Flow Select pressure flow option instead of pressure drop:

PF versus DP o Hame T3
LNG 0 Chiller | |
1 Gas/Gas | W

Heater | W

Tell me wihy...
2o General | Streams Pressure Flow Specs | Unknown Sizes J Tray sections Jel J r
Analyze Again {Hiake Chang | Cancel |

This tab contains a list of unit operations which can use a Pressure
Flow or Pressure Drop (DeltaP) specification. Typically, all unit
operations in Dynamic mode should use the Pressure Flow
specification.

5. Ensure that all the recommendations in this page are active:

Tab [Page] Recommendation Unit Operation OK Checkbox
PressureFlowSpecs Pressure Flow Spec Chiller Active
[PF versus DP] instead of Delta P Gas/Gas Active

Heater Active
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6. Click the Unknown Sizes tab and select the Volumes page.

Figure 1.147

Sizing These items have unknown volumes. Use the volumes listed below:
Valves MName Chiller Gas/Gas Gas/Gas
Yolumes Type Coaler | Heat Exchanc | Heat Exchanc
K walles gzmbel = a - 1 v 2
Vaolume [ft3] 1869 19.88 1450
Flow [barrel/day] 2.876e+004 3.059e+004 223 e+004
Fesidence time 000:00:10.00 | 000:00:10.00 (  000:00:10.00
Quick size.... Tel me why... |
~ Gereral I Streamns I Pressure Flow Specs  Unknown Sizes l_
The Unknown Sizes tab You can modify any of the default sizing parameters in the Unknown
Zf)r;tri't?(fni Iiﬁttﬁgthe unit Sizes tab. Once you modify a sizing parameter, the piece of
flowsheet that require equipment is automatically sized and the volume, Cv, or k-value
sizing. displayed.
« The Valve operations . .
are sized bgsed on 7. For each page in the Unknown Sizes tab, ensure that all the
the current flow rate recommendations are active:

and pressure drop
across the valve.

The valves are sized . . .
with a 50% valve Tab [Page] ‘ Recommendation ‘ Unit Operation ‘ OK Checkbox

opening. _ Unknown Vessel Sizing Chiller Active
* The Vessel operation Sizes Gas/G Tobe) 1 Acti

volumes are [Volumes] as/Gas (Tube) ctive

determined based Gas/Gas (Shell) 2 | Active

on the liquid exit

volumetric flow rate Unknown Heat Exchanger Chiller Active

and a 10-second Sizes Sizing ;

residence time. [k values] Gas/Gas (Tube) Active
« The Heat Exchanger Gas/Gas (Shell) Active

operations are sized

based on the current ] )

flow rate éamd 8. Click the Tray sections tab.

pressure drop across ] . o .

the equipment. The Tray sections tab identifies tray sections and streams whose

total steady state pressure drops are inconsistent with the total
pressure drop calculated according to the dynamics rating model.

For the purpose of this tutorial, recommendations on this tab will be
ignored.

1-105



1-106 Dynamic Simulation

The Other tab contains a
list of miscellaneous
changes that should to be
made in order for the
Dynamic simulation case
to run effectively.

W=

Dynamic Mode icon

9. Click the Other tab.

Figure 1.148

Other Make the following miscellaneous specification changes:
i Sraes | Name [ Diescription [ OK
Companent 5 plitter 1] MIx-101 | Equal pressures option active | [V
| d|
Tell me why...
~ General J Streams J Pressure Flow Specs J Unknawn Sizes J Tray sections _ Other | User Items J_‘

10. Activate the following recommendations:

Tab [Page] Recommendation Unit Operation OK Checkbox
Other [Misc Set Equalize Mixer-101 Active
Specs] Option Mixers

11.Click the Make Changes button once.

All the active suggestions in the Dynamics Assistant are
implemented.

12. Close the Dynamics Assistant view.

13. Switch to Dynamic mode by clicking the Dynamic mode icon.
When asked “Are you sure you want to switch to dynamics?”, click
the Yes button.

Since you deactivated the suggestion to insert a valve on the Ovhd
stream, you must set a pressure-flow specification on this stream.

You can enter the Ovhd stream pressure specification in
either the Main Flowsheet environment or the Column Sub-
Flowsheet.

14.In the PFD, double-click the Ovhd stream icon to open stream
property view.

15. Click the Dynamics tab, then select the Specs page.

16. Activate the Pressure specification by selecting the appropriate
checkbox.

The Pressure specification should be the only specification active.
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Ensure that the Ovhd Molar Flow specification is inactive.

Figure 1.149

Ovhd 1=l B3

Dynamic Specification:

Dynamics
—Prezzure S pecification
Specs
X [ Pressure [ Active
Stipchart | IEEEE =

—Flow Specificatiarn
{* Molar  Mass ¢ IdealLigvol ¢ Std. Ligvol

{ bdalar Flow | Active |

[ 2443 Ibrnole/hr | (] |

Product block... |

‘worksheet I Attachments Dynamicsl

Delete | Define from Other Stream... | e =5

17.Close the Ovhd property view.

You can specify the exit 18. In the PFD, double-click the Heater icon to access the property
temperature of the view

Heater operation in :

Dynamic mode. The duty 19. Click the Dynamics tab, then select the Specs page.

of the heater is back- . .
calculated to make the 20. In the Model Details group, select the Product Temp Spec radio

temperature specification. button.

Figure 1.150

Dynamics Model Detail
Specs = Supplied Duty MHumber of Zones 1
= + Product Temp Spec;  [Wolume [ft3] 353
Heldup " Duty Fluid Dty [Bhushr] 4.064e+005
Stripchart Product Temp [F] 24.73

~Dynamic 5pecification:
Overall Delta P [psi | oo T |
Ovwerall k [Ib/hr/sqr{psia-lbf3]] | 1613 | ~ |
LCalculate k | Spec Zones... |

D esign I R ating I ‘wiorksheet I Performance Dynamicsl
D=lei= | | I crored

21.Close the view.
22.Save the case as DynTUT1-3.usc.
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1.3.4 Adding Controller
Operations

In this section you will identify and implement key control loops using
PID Controller logical operations. Although these controllers are not
required to run in Dynamic mode, they will increase the realism of the
model and provide more stability.

PFD of the main flowsheet environment after all controllers are added:

== Crvhgd
DeProparizer g CondDuty
—
LTSWap
C30uty Cald | o
- T
== LijuicilProc

CaldGas

Chillzr

II:ES Towrerfeed

SalesGas

InletSep L%L'“

Sen LTS
L Walve
e —
LTSExit - Hester
— =4} = Towerinlet Tower
Tonwer In

Sey Sepkxt MI-101 Walve Hester
Valve

Feed 1

MixerCut

Feed 2 eron

PFD of the Column sub-flowsheet after controllers are added:

Figure 1.152

S
Ovhd
To
Top Condenser
Stage
TC 3,
[ Feflux CondDuty ~ Cond
P2 il c
7 Condenser
3
4
- 5
TowerFeed  —
6
=i Staged
7 TC
(. Reb
2 Lc
I Main TS
- oty
» ebDuf
101—
= Boilup
Rehoiler
To LiquinEsit Liquiaprod
Rehoiler Rebail
Valve
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ag
&-

Control Ops icon

©

PID Controller icon

Level Control

In this section you will add level controllers to both the Main flowsheet
and Column sub-flowsheet to control the liquid levels of each vessel
operation.
1. In the Main flowsheet, access the Object Palette by pressing F4.
2. In the Object Palette, click the Control Ops icon.

A sub-palette appears.

3. In the sub-palette, right-click and drag the PID Controller icon to
the PFD between InletSep and Sep Valve.

The controller icon I1C-100 appears in the PFD.
4. Double-click the controller icon to open its property view.

Figure 1.153

1C-100 =] E3

Hame  [IC-100

Frocess Yarniable Source
Object:

Yariable: |

Optional
A Output Target Object————
BRemate Setpaint Source ,7
5 |
| selectOP. |
5P

—
Cunnecliunsl Parameters IMUH\[U[ I Stripchart I Uzer Variables

Delete | Face Plate... | EantralValve.. |

5. Click the Connections tab. In the Name field, change the name of
the PID Controller operation to Sep LC.

6. In the Process Variable Source group, click the Select PV button.
The Select Input PV view appears.
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7. In the Flowsheet list, select Case (Main). In the Object list, select
InletSep. In the Variable list, select Liquid Percent Level. Click
the OK button.

Figure 1.154

Select Input PY For Sep LC M=l 3
Flowshest Object “ariable
Case [k ain) Heating alue Agqueous Level - oK,
DePrapanizer [COLT] | Chiller Agueous Yalume —
DePropanizer Boot Diameter . .
Gas/Gas Boot Height Obiect Fiter
Heater Charnber 2 Phase Lewe Al
InletSep Dty
LTS HuwyLiquid Percent Le o Stn.aams
: LTS Valve Liguid Flow 5P & UnitOps
Mavigator Scope MIX-100 Liquid Holdup Thema " Logicals
MEX-101 Liquid Level ¢ ColumnOps
¢ Flowshest SepValve Liquid kazz Flow " Custom g
" Case Tower Yalve Liquid Molar Flow
" Basiz Liquid Maole Fraction Custam...
" Ultiity Liguid Moles Q
Ly roent L
Liquid Yalume
I E il i j Q
Wariable Description: |Liquid Fercent Level LCancel

8. In the Output Target Object group, click the Select OP button. The
Select OP Object view appears.

The Select OP Object view is exactly the same as the Select Input
PV view.

9. In the Flowsheet list, select Case (Main). In the Object list, select
Sep Valve. In Variable list, select Actuator Desired position .
Click the OK button.

10. Click the Parameters tab, then select the Configuration page.
11. Enter the information specified in the following table:

In this cell... ‘ Enter...

Action Select the Direct radio button
Kc 2

PV Minimum 0%

PV Maximum 100%

12.Click the Face Plate button at the bottom of the property view.

T = 13. Change the controller mode to Auto on the face plate by opening

Esecint Sp L the drop-down list and selecting Auto. Close the face plate view

. comptiy. when you are finished.
OF: 50.00
Luito *| Tuning |

< Cff
Man
Auto
Indicator
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Object Navigator icon

The Column sub-
flowsheet uses a
simplified Object Palette.

To add a PID Controller
operation in the sub-
flowsheet, right-click the
PID Controller icon in the
Object Palette and drag
the cursor to the PFD.

The Flow values shown
here do not use the
default units. Enter the
values, then select the
correct units from the
drop-down list. UniSim
Design automatically
converts the values to the
default units.

14. Using the same procedures, add another PID Controller operation
that will serve as the LTS level controller. Specify the following
details:

Tab [Page]

Connections

‘ In this cell... ‘ Enter...

LTS LC

LTS object, Liquid Percent
Level variable

LTS Valve, Actuator Desired

Name

Process Variable Source

Output Target Object

Position
Parameters Action Direct
[Configuration] Kc >
PV Minimum 0%
PV Maximum 100%

15. Click the Face Plate button. Change the controller mode to Auto
on the face plate view.

Next you will enter the Column sub-flowsheet environment.

16. Instead of entering through the Column property view, click the
Object Navigator icon in the toolbar.

17. Double-click on DePropanizer in the Flowsheets group to enter the
Column sub-flowsheet environment.

18. Ensure the PFD for the column is visible.

19. In the Column sub-flowsheet, add a PID Controller operation that
will serve as the Condenser level controller. Specify the following
details:

Tab [Page] ‘ In this cell... ‘ Enter...
Connections Name Cond LC
Process Variable Source | Condenser, Liquid Percent
Level

Output Target Object Reflux, Control Valve

Parameters Action Direct
[Configuration] Ke 1
Ti 5 minutes
PV Minimum 0%
PV Maximum 100%

20. Click the Control Valve button.
The FCV for Reflux view appears.
21. Enter the following details in the Valve Sizing group:

In this cell... ‘ Enter...
Flow Type Molar Flow
Minimum Flow 0 Ibmole/h
Maximum Flow 500 Ibmole/h

1-111

Gas Processing Tutorial 1-111



1-112 Dynamic Simulation

Figure 1.155

FC¥ for Reflux | _ [ x|
Walve Parameter:

Altached Stieam Fieflux

Attached Controller Cond LC

Actual Mole Flaw 244.2 Ibmoleh

Antual Mass Flow 1.0692+004 Ib/hr

Std Ideal Liq Vol Flaow 1486 barrel/day
—alve Sizing

Flow Type td olarFlow

Iin Flaw 00000 Ibrmole/hr

I ax Flow 500.0 Ibmolehr
¥ Awailable ta Controller

22.Close the FCV for Reflux view.

23. Click the Face Plate button. Change the controller mode to Auto
on the face plate view, then close the view.

24. Close the Cond LC controller view.

25. Add another PID Controller operation that will serve as the Reboiler
level controller. Specify the following details:

Tab [Page] ‘ In this cell... ‘ Enter...
Connections Name Reb LC
Process Variable Source | Reboiler, Vessel, Liq Percent
Level
Output Target Object RebDuty, Control Valve
Parameters Action Direct
[Configuration] Kc 01
Ti 3 minutes
PV Minimum 0%
PV Maximum 100%

26. Click the Control Valve button.
The FVC for RebDuty view appears.

27.1n the Duty Source group, select the Direct Q radio button if it is
not already selected.
The values shown here do 28. In the Direct Q group, enter the following values:

not use the default units.
Enter the values, then

select the correct units In this cell... ‘ Enter...
from the drop-down list. Min Available 0 Btu/h
UniSim Design

automatically converts Max Available 6e6 Btu/h
the values to the default

units.
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|

Enter Parent Simulation
Environment icon

o
Control Ops icon

©

PID Controller icon

Figure 1.156

FCY For RebDuty s B3
el echney Dty Calc Operation
i s 1 ) -
~Direct @ Attached Operations

Febailer

5P 2.9537e+08 Blushr
I, Awailable 0.0000-01 Btudhe
ban. Available E.0000e+06 Btuthr

~Duty Source——————————
= Diect @
= From Utility Fluid

V¥ fvailable to Contraller

29. Close the FCV for RebDuty view.

30. Click the Face Plate button. Change the controller mode to Auto
on the face plate. Close the face plate view.

31. Close the Reb LC property view.

Temperature Control

Temperature control is important in this dynamic simulation case. A
temperature controller will be placed on the ColdGas stream to ensure
that the SalesGas stream makes the 10°F dewpoint specification.
Temperature control will be placed on the top and bottom stages of the
depropanizer to ensure product quality and stable column operation.
1. Enter the Main Flowsheet environment by clicking the Enter Parent

Simulation Environment button.

Next you will add a PID Controller operation that will serve as the

ColdGas temperature controller.

2. On the Object Palette, click the Control Ops icon.
A sub-palette appears.

3. Right-click the PID Controller icon, and drag the cursor to the
PFD.

4. Double-click the controller icon to open its property view. Specify
the following details:

Tab [Page] In this cell...

Connections Name Cold TC
Process Variable Source | ColdGas, Temperature
Output Target Object C3Duty, Control Valve
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The temperature values
shown here do not use
the default units. Enter
the values, then select
the correct units from the
drop-down list. UniSim
Design automatically
converts the values to
the default units.

The values shown here do
not use the default units.
Enter the values, then
select the correct units
from the drop-down list.
UniSim Design
automatically converts
the values to the default
units.

Ensure that you select
the correct temperature
units from the units drop-
down list.

Ensure that you select the
correct units from the
units drop-down list.

1-114 Dynamic Simulation

Tab [Page] ‘ In this cell...
Parameters Action Direct
[Configuration] K 1
Ti 10 minutes
PV Minimum -20 °F
PV Maximum 20 °F

5. Click the Control Valve button.

The FCV for C3Duty appears.
6. In the Duty Source group, select the Direct Q radio button.
7. In the Direct Q group, enter the following details:

In this cell... ‘ Enter...

Min Available 0 Btu/h
2e6 Btu/h

Max Available

8. Close the FCV for C3Duty view.

9. Click the Face Plate button. Change the controller mode to Auto
on the face plate view, then close the view.

10. Enter the Depropanizer Column sub-flowsheet environment.

11. Add a PID Controller operation that will serve as the Depropanizer
Top Stage temperature controller.

12.In the controller property view, specify the following details:

Tab [Page] ‘ In this cell... ‘ Enter...

Top Stage TC

Main TS, Top Stage
Temperature

Connections Name

Process Variable Source

Output Target Object CondDuty, Control Valve

Parameters Action Direct
[Configuration] Kc 1
Ti 5 minutes
PV Minimum 50°F
PV Maximum 130°F

13. Click the Control Valve button.

The FCV for CondDuty view appears.
14. In the Duty Source group, select the Direct Q radio button.
15. in the Direct Q group, enter the following details:

In this cell... ‘ Enter...

Min Available 0 Btu/h
3e6 Btu/hr

Max Available
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Ensure that you select
the correct temperature
units from the units drop-
down list.

16. Close the FCV for CondDuty view.
17.Click the Face Plate button.
The Top Stage TC face plate view appears.

18. Change the controller mode to Auto. In the PV field, enter a set
point of 86°F.

19. Close the Top Stage TC face plate view.
20. Close the Top Stage TC property view.

21. Add another PID Controller operation that will serve as the
Depropanizer gth stage temperature controller.

22.1In the controller property view, specify the following details:

Tab [Page] ‘ In this cell... ‘ Enter...

Connections Name Stage9 TC

Process Variable Source | Main TS, Stage
Temperature, 9_Main TS

Output Target Object Reboil Valve, Actuator
Desired position
Parameters Action Direct
[Configuration] K >
Ti 5 minutes
PV Minimum 110°F
PV Maximum 260°F

23. Click the Face Plate button.
The Stage 9 TC face plate view appears.

24.Change the controller mode to Auto. In the PV field, input a set
point of 184°F.

You should be able to run the integrator at this point without any
problems, however, you will probably want to monitor important
variables in the dynamic simulation using strip charts.

25. Return to the Parent Environment.
26. Save the case as DynTUT1-4.usc.

Monitoring in Dynamics

Now that the model is ready to run in Dynamic mode, you will create a
strip chart to monitor the general trends of key variables. The following
is a general procedure for installing strip charts in UniSim Design.
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For more information,
refer to Using the
Databook on page 70.

Select Case (Main) in the
Flowsheet group to
ensure you can find all
streams and operations.

1. Open the Databook by using the hot key combination CTRL D.

DataBook g@|

Awailable Data Entries

Ohject ariable
SalesGas Sales Gaz Production
LiquidFrod Liguid Production

LTS | LTS Temp | Insert...
I | Delete
Deleteﬁ
Del &l Unused

Ingert Ohject And Variable Groups. | Inzert Object And \ariable Pairz |

F—i
Valiables| Process Data Tables J Strip Charts J [rata Recaorder J Case Studies J

In the next set of steps, you will add all of the variables that you

would like to manipulate or model.

< Include feed and energy streams that you want to modify in the
dynamic simulation.

e Include unit operation temperature, levels, and pressures that
you want to monitor and record.

2. On the Variables tab, click the Insert button. The Variable
Navigator appears.

Figure 1.158

Variable Navigator |_ (O] x|
Flawsheet Object Wariable Wariatle Speciiics oK
Casze [Main) 3Dty | [Heawy Liquid Fract\orﬂ
DePropanizer [COLT] | ColdGas Higher Heating '/ alue Add
CondDuty Kinematic Viscosity "
CoolG as Light Liquid Fraction Dibiect Filte
Feed 1 Lig Mazs Density @SJ = al
Feed 2 Lig ol Flaw @5td C
Uit L) et " Stieams
LT5Lig Lower Heating Yalue € UnitOps
—Mavigator Scope——— [LTSVap Mazs Density " Logicals

& Flowshest Mixerut Mass Enthalpy ¢ ColumnOps
Ovhd Mass Entrop  Custom

 Case RiebDuly

" Basis SalesDP Mass Heat Capacity Customn. . |

© Utility SalesGaz Mass Heat OF Y apour
Seplig Mazz Higher Heating
Sepvap LI lass Lower Heating®
T b nlar N omeihe

“aliable Description: IMaSS Flow LCancel |

3. Select the Object and Variable groups for any of the following
suggested variables.

Object ‘ Variable

Tower Feed Molar Flow
Heater Q Utility outlet Temp
Feed 1 Molar Flow
Feed 2 Molar Flow
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The purpose of selecting
manipulated and
monitored objects is to
see how the monitored
objects will respond to
the changes you make to
the manipulated
variable.

To make the strip chart
easier to read, do not
activate more than six
variables per strip chart.

To change the
configuration of each
strip chart, click the
Setup button.

Object ‘ Variable

Ovhd Molar Flow
LiquidProd Molar Flow
InletSep Liquid Percent Level
LTS Liquid Percent Level

4. Click the Add button to add the selected variable to the Variables
page.

5. Repeat steps #3 and #4 to add any remaining variables to the
Databook.

Click the Strip Charts tab.
7. In the Available Strip Charts group, click the Add button.

UniSim Design will create a new strip chart with the default name
DatalLoggerl. You may change the default name by editing the
Logger Name cell.

2

8. In the table, check the Active checkbox for each of the variables
that you would like to monitor on this particular strip chart.

Figure 1.159

DataBook =] E3

Awailable Stip Chats—————— Individual Stip Chart Data Selectior
Wigw——————

Stiip Chart... | Logger Mame IDataLogger‘I Sample [nt. [000:00:20.00
Histarical | Object ‘ariable Active ;I
TowerFeed tdolar Flow [T ower] v
Curient... | Heater Utility Outlet Temp v
Feed1 tolar Flow [Feedl] v
Add Feed 2 tolar Flow [FeedZ] v
Ovhd Molar Flow (Dvhd] ul
Delete | LiquidPrad Molar Flaw (LigProd] ul
InletSep | Lig Percent Level [InletSep
_ sew. | LT5 | LiqPercent Level [LTS) _d
Setup Al |

“Wariables I Process Data Tables  Stiip Charts | Data Recorder I Case Studiss |

9. If required, add more strip charts by repeating steps #7 and #8.

10. To access a strip chart view, select the strip chart name, then click
the Strip Chart button.

11. Minimize the Databook view.

12. Before starting the integrator, open the property view for the Ovhd
stream.

13. Click the Dynamics tab, then select the Specs page.

14. In the Dynamic Specifications group, ensure that the Pressure
specification checkbox is Active and the Molar Flow specification
checkbox is Inactive.

15. Close the Ovhd stream view.
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16. Arrange both strip chart views so you can see them.

17. Start the Integrator by clicking the Start Integrator icon in the
|@ TaF tool bar and observe as the variables line out on the strip charts.

Start Integrator icon 18. Click the Stop Integrator icon to stop the process.

(green) To use the Databook feature for analysis, manipulate the stream
and operation variables via their property views, click the Start
Integrator icon again, and view the results in the monitored
variables in the strip charts.
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This complete case has
also been pre-built and
is located in the file
TUTORZ2.usc in your
UniSim Design\Samples
directory.

Introduction

2.1 Introduction

You will build the Refining simulation using the following basic steps:
Create a unit set.

Choose a property package.

Select the non-oil components.

Characterize the Oil.

Create and specify the preheated crude and utility steam streams.
Install and define the unit operations in the pre-fractionation train.

NOo o A®NE

Install and define the crude fractionation column.

In this tutorial, crude oil is processed in a fractionation facility to
produce naphtha, kerosene, diesel, atmospheric gas oil, and
atmospheric residue products. Preheated crude (from an upstream
preheat train) is fed to a pre-flash drum where vapours are separated
from the liquids, which are heated in a furnace. The pre-flash vapours
bypass the furnace and are recombined with the hot crude from the
furnace. The combined stream is then fed to the atmospheric crude
column for fractionation. The main flowsheet for this process appears
below.

Figure 2.1
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The crude column consists of a refluxed absorber with three side
strippers and three cooled pump around circuits. The column sub-
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flowsheet appears below.

Figure 2.2
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The following pages guide you through building a UniSim Design case
for modeling this process. This tutorial illustrates the complete
construction of the simulation, from selecting a property package and
components, characterizing the crude oil, to installing streams and unit
operations, through to examining the final results. The tools available in
UniSim Design are utilized to illustrate the flexibility available to you.

Before proceeding, you should have read Chapter A - UniSim
Design Tutorials which precedes the Tutorials in this guide.

2.2 Steady State Simulation
2.2.1 Process Description

This example models a crude oil processing facility consisting of a pre-
fractionation train used to heat the crude liquids, and an atmospheric
crude column to fractionate the crude into its straight run products. The
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Main Flowsheet for this process appears in the following figure.
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Preheated crude (from a preheat train) is fed to the pre-flash drum,
modeled as a Separator, where vapours are separated from the crude
liguids. The liquids are then heated to 650°F in the crude furnace,
modeled as a Heater. The pre-flash vapours bypass the furnace and are
re-combined, using a Mixer, with the hot crude stream. The combined
stream is then fed to the atmospheric crude column for separation.

The crude column is modeled as a Refluxed Absorber, equipped with
three pump-around and three side stripper operations. The Column

sub-flowsheet appears in the figure below.

Figure 2.4
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The main column consists of 29 trays plus a partial condenser. The
TowerFeed enters on stage 28, while superheated steam is fed to the
bottom stage. In addition, the trim duty is represented by an energy
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The Workbook displays
information about
streams and unit
operations in a tabular
format, while the PFD is
a graphical
representation of the
flowsheet.

stream feeding onto stage 28. The Naphtha product, as well as the
water stream WasteH20, are produced from the three-phase
condenser. Crude atmospheric Residue is yielded from the bottom of
the tower.

Each of the three-stage side strippers yields a straight run product.
Kerosene is produced from the reboiled KeroSS side stripper, while
Diesel and AGO (atmospheric gas oil) are produced from the steam-
stripped DieselSS and AGOSS side strippers, respectively.

The two primary building tools, Workbook and PFD, are used to install
the streams and operations and to examine the results while
progressing through the simulation. Both of these tools provide you
with a large amount of flexibility in building your simulation, and in
quickly accessing the information you need.

The Workbook is used to build the first part of the flowsheet, from
specifying the feed conditions through to installing the pre-flash

separator. The PFD is then used to install the remaining operations,
from the crude furnace through to the column.

2.2.2 Setting Your Session
Preferences

1. Start UniSim Design and create a new case. The Simulation Basis
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The default Preference
file is named UniSim
Design R*.prf. When
you modify any of the
preferences, you can
save the changes in the
default file by clicking
Save Preferences, orin a
new preference file by
clicking the Save
Preference As... .
UniSim Design prompts
you to provide a name
for the new Preference
file, which you can later
use in any simulation
case by clicking the
Load Preferences
button.

Manager view appears.

Figure 2.5
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Your first task is to set your Session Preferences.
2. From the Tools menu, select Preferences.
The Session Preferences view appears.

The most important preference you will set is the unit set. UniSim

Design does not allow you to change any of the default unit sets

listed, however, you can create a new unit set by cloning an existing

one. In this tutorial you will create a new unit set based on the

UniSim Design Field set and customize it.
3. Click the Variables tab, then select the Units page.
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4. In the Available Unit Sets group, select Field.

: Session Preferences (UniSimDesign.PRF)

Variables Avallable Unit Sets

i bt
Units
Formats sl

(ke
Uzer Field

Unit Set Mame | Field

Displap Uriits
Unit ~ View .

Acceleration ftls2

Acidity ma KDHfE

Act. Gag Flow ACFM

Act. Vol. Flaw barrel/day

Actual Liguid Flow LISGFM A l
Actual Mass Density ladm3 Z
Angle deg

AP Fire Equation Constan| Bitw/hr-it1.64

Area fr2

Arsa Per Mass fizdb =

Simulation  Wariables | Reports JF\Ies Resources J Extensions JU\anul J Tray Sizing J Case Tools |

Save Preferences ] { Save Preferences As... l Save Preferences file by default Load Preferences.

5. Click the Clone button.

A new unit set named NewUser appears and is automatically
selected as the current unit set.

6. In the Unit Set Name field, rename the new unit set to Field-
density.

You can now change the units for any variable associated with this
new unit set.

7. In the Display Units group, use the vertical scroll bar to find the
Standard Density cell.

The current default unit for Standard Density is Ib/ft3. A more
appropriate unit for this example is AP1_60.

8. Click in the Standard Density cell on Ib/ft3.

9. Press the SPACEBAR or the DOWN arrow to open the drop-down
list of available units.
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All commands accessed
via the toolbar are also
available as Menu items.

10. In the unit list, select AP1_60.

Figure 2.7
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11. Repeat steps #8-#10 to change the Mass Density units to API.
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12. Your new unit set is now defined. Close the Session Preference view
to return to the Simulation Basis Manager view.

2.2.3 Building the Simulation

Selecting Components

Before defining a fluid package in UniSim Design, you will create a
component list for the fluid package. In this example, the component
list contains non-oil components, Light Ends, and hypocomponents. You
must first add the non-oil components and Light Ends from UniSim
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Design pure component library into the component list.

1. Click the Components tab, then click the Add button. The
Component List View view appears.

Figure 2.9

* Component List View: Component List - 1
Add Component Selected Components Components Available in the Librarny
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There are a number of ways to select components for your
simulation. One method is to use the matching feature.

Notice that each component is listed in three ways on the Selected

tab:
Matching Method ‘ Description
SimName The name appearing within the simulation.
FullName/ IUPAC name (or similar), and synonyms for many
Synonym components.
Formula The chemical formula of the component. This is useful
when you are unsure of the library name of a
component, but know its formula.
The Component List View At the top of each of these three columns is a corresponding radio
)[’ri]?W Contailns E[Vr‘]’C’ tabs. In button. Based on the selected radio button, UniSim Design will
is example, the . .
Selected tzb is the only locate the component(s) that best matches the input you type in
tab used, because it the Match cell.
contains all the functions i . i . i
you need to add 2. Optional: To rename the component list, click in the Name field at
components to the list. the bottom of the view and type a new name.

For this tutorial example, you will add the following non-oil
components: H20, C3, i-C4, n-C4, i-C5 and n-C5.

First, you will add H20 using the match feature.

3. Ensure the Sim Name radio button is selected, and the Show
Synonyms checkbox is checked.
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4. Click in the Match field.
You can also move to the

Match field by pressing 5. Begin typing ‘water’. UniSim Design filters through its library as you
ALT M. type, displaying only those components that match your input.

Figure 2.10
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6. With Water selected, add it to the Current Component List by doing
one of the following:

e Press the ENTER key.

* Click the Add Pure button.

e Double-click on Water.

You can also use the Family Filter to display only those components
belonging to certain families. Next, you will add Propane to the
component list using a Family Filter:

ilters . . . - -
Pmpewpackagema 7. Ensure the Match field is empty, and click the View Filter button.
The Filters view appears as shown on the left.
<none> he 8. On the Filters view, check the Use Filter checkbox to activate the
Family Type Filter Fam'ly F'Iter.
[] Use Filter
Filters view
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The Match feature
remains active when you
are using a family filter,
so you could have also
typed C3 in the Match
field and then added it
to the component list.

To select consecutive
components, use the
SHIFT key.

To select non-
consecutive components,
use the CTRL key.

Refining Tutorial

9. Check the Hydrocarbons checkbox. The remaining components
are known to be hydrocarbons.

Figure 2.11
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Component
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Propane
appears
near the top
of the
filtered list.
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10. Double-click Propane to add it to the component list.

Next you will add the remaining Light Ends components i-C4

through n-C5. The following procedure shows you quick way to add
components that appear consecutively in the library list.

11.Click on the first component to be added (in this case, i-C4).
12. Do one of the following:

 Hold down the SHIFT key and click on the last component, in

this case n-C5. All components i-C4 through n-C5 are now

selected. Release the SHIFT key.

e Click and drag from i-C4 to n-C5. Components i-C4 through to
n-C5 are selected.
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The Simulation Basis
Manager allows you to
create, modify, and
otherwise manipulate
fluid packages in your
simulation case. Most of
the time, as with this
example, you require
only one fluid package
for your entire
simulation.

UniSim Design has
created a fluid package
with the default name
Basis-1. You can
change the name of
this fluid package by
typing a new name in
the Name field at the
bottom of the view.

13. Click the Add Pure button. The selected components are
transferred to the Selected Component group.

Figure 2.12
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Fe— j DELETE key.
Sort List |
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The complete list of non-oil components appears in the figure
above.

14. Close the Component List View and Filters views to return to the
Simulation Basis Manager view.

On the Components tab, the Component Lists group now contains
the name of the new component list that you created.

Defining a Fluid Package

In the Simulation Basis Manager view, your next task is to define a fluid
package.

UniSim Design displays the current Environment and Mode in
the upper right corner of the view. Whenever you begin a
new case, you are automatically placed in the Basis
environment, where you can choose the property package
and non-oil components.

A fluid package contains the components and property methods that
UniSim Design will use in its calculations for a particular flowsheet.
Depending on what is required, a fluid package can also contain other
information, such as a petroleum fluid characterization.

The fluid package for this example will contain the property package
(Peng Robinson), the pure components H20, C3, i-C4, n-C4, i-C5, n-C5,
and the hypothetical components which are generated in the Oil
characterization.

1. Click the Fluid Pkgs tab, then click the Add button. The Fluid
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Package: Basis-1 view appears.

Fluid Package: Basis-1 E@E

Property Package Selection

Property Package Filter

<NONES

Amnkg @ AllTypes
Antoine () ENSs
ASME Steam () Activity Models
g{:%nsm 0 () Chan Seader Modelz
Chano Seader () Vapour Press Models
Chien Mull () Electralte Models
Clean Fuels Pkg USD (O Miscellaneous Types
DER Amine Package
Eszo Tabular
Advanced Thermodynamics
Companent List Selectior
Basis-1 Companent List - [[J UniSim Therma

= Set Up | Parameters J Binary Coeffs J StabTest J Phaze Order JHxns T abular J Mates

Nams |Basic Property Pr

This view is divided into a number of tabs that allow you to supply
all the information necessary to completely define the fluid
package. For this tutorial, however, only the Set Up tab is used.

On the Set Up tab, the currently selected Property Package is
<none>. Before you begin characterizing your petroleum fluid, you
must choose a property package that can handle hypothetical
components.

2. Select the Peng Robinson property package by doing one of the
following:
e Type Peng Robinson. UniSim Design finds the match to your
input.
e Use the up and down arrow keys to scroll through the list of
available property packages until Peng Robinson is selected.

« Use the vertical scroll bar to scroll through the list until Peng
Robinson becomes visible, then click on it.

2-13



If you have multiple fluid
packages and components
lists in a case, you can
use the drop-down list in
the Component List
Selection group to attache
a component list to a
particular property
package.

Steady State Simulation

The Fluid Package: Basis - 1 view appears as shown below.

Figure 2.14
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The Property Pkg indicator now indicates Peng Robinson
is the current property package for this fluid package.

Alternatively, you could have selected the EOSs radio button in the
Property Pkg Filter group. The list would then display only those

property packages that are Equations of State. Peng Robinson

would appear in this filtered list.

In the Component List Selection group, you could use the drop-

down list to find the name of any component lists you had created
(currently empty).

The View button opens the Component List View view of the

selected component list.

If the selected component list contains components not
appropriate for the selected property package, UniSim

Design opens the Components Incompatible with Property
Package view. On this view, you have the options of UniSim

Design removing the incompatible components from the

component list or changing to a different property package

using the drop-down list or the Cancel button.
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3. Close the Fluid Package: Basis - 1 view to return to the Simulation

Basis Manager view.

Figure 2.15
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The list in the Current Fluid Packages group displays the new fluid
package, Basis-1, showing the number of components (NC) and
property package (PP). The new fluid package is assigned by default
to the main flowsheet, as shown in the Flowsheet-Fluid Pkg

Associations group.

Creating Hypocomponents

Your next task is to create and add the hypocomponents to the
component list. In this example, you will characterize the oil (Petroleum
Fluid) using the given Assay data to create the hypocomponents.

Characterizing the Oil

In this section, you will use the following laboratory Assay data:

Bulk Crude Properties

MW

300.00

API Gravity

48.75

Light Ends Liquid Volume Percent

i-Butane 0.19
n-Butane 0.11
i-Pentane 0.37
n-Pentane 0.46
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TBP Distillation Assay

Liquid Volume Temperature (°F) Molecular Weight
Percent Distilled

0.0 80.0 68.0
10.0 255.0 119.0
20.0 349.0 150.0
30.0 430.0 182.0
40.0 527.0 225.0
50.0 635.0 282.0
60.0 751.0 350.0
70.0 915.0 456.0
80.0 1095.0 585.0
90.0 1277.0 713.0
98.0 1410.0 838.0
Lig Vol%o6 Distilled API Gravity

13.0 63.28

33.0 54.86

57.0 45.91

74.0 38.21

91.0 26.01

Viscosity Assay

Liquid Volume Viscosity (cP) 100°F Viscosity (cP) 210°F
Percent Distilled

10.0 0.20 0.10

30.0 0.75 0.30

50.0 4.20 0.80

70.0 39.00 7.50

90.0 600.00 122.30

Accessing the Oil Environment

The UniSim Design Oil Characterization procedure is used to convert
the laboratory data into petroleum hypocomponents.
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) ) 1. On the Simulation Basis Manager view, click the Oil Manager tab.
The Associated Fluid

Package drop-down list

package is used for the

oil characterization. * Simulation Basis Manager, E|§|E
Since there is only one

fluid package UniSim Aszociated Fluid Package: Basis-1 v

Design has made

Basis-1 the Associated To Enter the Oil environment, There must be a

Fluid Package . Fluid Package and the associated Property Package

must be able to handle Hypo Components

Enter Oil Erwvironment...

Components J Fluid Pkgs J Hypothetical: ~ 0il Manager HeacliunsJ Component M aps J User Propeities J

Erter PYT Enwironment... I [ Return to Simulation Environment...

The text on the right side of the view indicates that before entering

the Oil Environment, two criteria must be met:

- at least one fluid package must be present. In this case, only
one fluid package, Basis-1, is selected.

- the property package must be able to handle Hypothetical
Components. In our case, the property package is Peng
Robinson, which is capable of handling Hypothetical
components.

Since both criteria are satisfied, the oil is characterized in the Qil
Environment.

H 2. To enter the Oil Characterization environment, do one of the
following:

Oil Environment icon click the Enter Oil Environment button on the Oil Manager

tab.
click the Oil Environment icon on the toolbar.

The Oil Characterization
view allows you to
create, modify, and
otherwise manipulate
the Assays and Blends
in your simulation case.
For this example, the oil
is characterized using a
single Assay.

2-17



2-18 Steady State Simulation

UniSim Design has
given the new Assay
the default name of
Assay-1. You can
change this by typing a
new name in the Name
field.

The Oil Characterization view appears.

Figure 2.17
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In general, three steps must be completed when you are characterizing
a petroleum fluid:

1. Supply data to define the Assay.
2. Cut the Assay into hypothetical components by creating a Blend.

3. Install the hypothetical components into the fluid package.

Defining the Assay

1. On the Assay tab, click the Add button to create and view a new
Assay. The Assay view appears.

Figure 2.18
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When the property view for a new Assay is opened for the first time,
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the view contains minimal information. Depending on the Assay
Data Type you choose, the view is modified appropriately. For this
example, the Assay is defined based on TBP data.

From the Assay Data Type drop-down list, select TBP. The view is
customized for TBP data.

Figure 2.19
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The next task is to enter the composition of the Light Ends in the
Assay.

From the Light Ends drop-down list, select Input Composition.
In the Input Data group, select the Light Ends radio button.

Ensure that Liquid Volume%b is selected in the Light Ends Basis
drop-down list.

Click in the Composition cell for i-Butane.

Type 0.19, then press the ENTER key. You are automatically
advanced down one cell to n-Butane.
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Input D1at.

i Bulk Props

i+ Light Ends

i Distillation

" Molecular Wi
i Density

i Wiscosity]

i Wiscositp2

Steady State Simulation

8. Type the remaining compositions as shown. The total Percent of

Light Ends in Assay is calculated and displayed at the bottom of the
table.

Figure 2.20

A Assay:Assay-1 E@E
Azzay Definitian Input Data
Bulk Properties Not Uised ¥|| | @ LightEnds Light Ends Basis Liquid Volume %+
Diistillati

Assap Data Type TEP 4 @ D . N MNEP
Light Ends | Composition Fl

Light Ends Input Composition ] 00000 30
Fropane 0.0000 -43.78

Mot Used v

Malecular \Wt. Curve “Buiane GRET 1069

Denszity Curve Mot Uzed " r-Btane 0.1100 3.0
i-Pentant 0.3700 8218

Wizcosity Curves Mot Uzed i n-Pentar || 04500 96.91

TBP Distillation Conditions
(%) &tmospheric () Wacuum

[ Light Ends Handling & Bulk Fiting Options |

Percent of Light Ends in Assay 11300

—
Input Data| Calculation Defaults J “wiorking Curves JF'Iots Correlations J User Curves JNotes

Name: |&ssap-] Aszay Was Mot Calculated Calculate

Before entering any of the assay data, you must activate the
molecular weight, density, and viscosity curves by choosing
appropriate curve types in the Assay Definition group. Currently,
these three curves are not used.

From the Bulk Properties drop-down list, select Used. A new radio
button labeled Bulk Props appears in the Input Data group.

10. From Molecular Wt. Curve drop-down list, select Dependent. A new

radio button labeled Molecular Wt appears in the Input Data
group.

11. From the Density Curve and Viscosity Curves drop-down lists, select

Independent as the curve type. For Viscosity, two radio buttons
appear as UniSim Design allows you to input viscosity assay data at
two temperatures.

Your view now contains a total of seven radio buttons in the Input
Data group. The laboratory data are input in the same order as the
radio buttons appeatr.

In the next few sections, you will enter the following laboratory assay
data:

e bulk molecular weight and density

< TBP Distillation assay data

e dependent molecular weight assay data

< independent density assay data

= independent viscosity assay data (at two temperatures)
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Entering Bulk Property Data

1.

2.

Select the Bulk Props radio button, and the bulk property table
appears to the right of the radio buttons.

Click in the Molecular Weight cell in the table. Type 300 and press
ENTER. You are automatically advanced down one cell to the
Standard Density cell.

In the Standard Density cell, enter 48.75 and press SPACE BAR.
To the right of the cell, a field containing the current default unit
associated with the cell appears. When you defined the new unit
set, you specified the default unit for standard density as APIl_60,
which appears in the field.

Figure 2.21

A Assay:Assay-1 g@@
Bzzay Definition Input Data =
Malecular 'Weight 300.0
Bulk Properties Uszed ¥ | | (@ Bulk Props Standard Density 4851 Ib/it3
() Light Ends ‘watzon UOPK m
Hesy Defi e L h ) Distillation iscosity Type Diynamic
Light Ends Input Composition O Molecular Wt iscosity 1 Temp 100.0 F
O Density Wigosity 1 <EMmphy
Molecular wt. Curve | Dependent e O Viscasiyl iscosity 2 Temp 210.0F
" 4 Wiscosity 2 <emply>
Density Curve Independent hd O Viseosky2 4 2
Wizgcosity Curves Independent v

TEP Distillation Conditions
(3) stmospheric () Wacuum

[ Light Ends Handing & Bulk Fiting Optiors |

—
Input Dala| Calculation Defaults J ‘working Curves JF'IUIS Coelations J User Curves JND[ES

Mame: |Assap-1 Azzay Was Mot Caleulated Calculate

Since this is the correct unit, press ENTER, and UniSim Design
accepts the density value.

No bulk Watson UOPK or Viscosity data is available for this assay.
UniSim Design provides two default temperatures (100°F and
210°F) for entering bulk viscosity, but these temperature values are
ignored unless corresponding viscosities are provided. Since the
value for bulk viscosity is not supplied, there is no need to delete or
change the temperature values.

Entering Boiling Temperature (TBP) Data

The next task is to enter the TBP distillation data.

1.
2.

Click the Calculation Defaults tab.

In the Extrapolation Methods group, select Lagrange for each
method using the drop-down lists.

Return to the Input Data tab.
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Steady State Simulation

® N

©

Select the Distillation radio button. The corresponding TBP data
matrix appears. UniSim Design displays a message under the
matrix, stating that ‘At least 5 points are required’ before the assay
can be calculated.

From the Assay Basis drop-down list, select Liquid Volume.
Click the Edit Assay button. The Assay Input Table view appears.
Click in the top cell of the Assay Percent column.

Type O then press ENTER. You are automatically advanced to the
corresponding empty Temperature cell.

Type 80 then press ENTER. You are automatically advanced down
to the next empty Assay Percent cell.

10. Repeat steps #8 and #9 to enter the remaining Assay Percent and

Temperature values as shown.

Figure 2.22

| Assay Input Table @

Azzay Input Data

Assay Percent Temperature
[*] [F]
0.0000 20.00

100 2560
2000 3430
30.00 4300
40.00 527.0
50.00 6350
£0.00 7510
70.00 3150
80,00 1095
a0.00 1277
38.00 1410
| cemply] <empty>

<emphy

Nurn of Paints to Add |1 Add Data Points

All input curves except distilation are on midpoint
basiz. Dependent curves will be shifted to middle.

11. Click the OK button to return to the Assay property view.

Entering Molecular Weight Data

1.

2.

3.
4.

Select the Molecular Wt radio button. The corresponding assay
matrix appears. Since the Molecular Weight assay is Dependent, the
Assay Percent column displays the same values as those you
entered for the Boiling Temperature assay. Therefore, you need only
enter the Molecular Weight value for each assay percent.

Click the Edit Assay button and the Assay Input Table view
appears.

Click on the first empty cell in the Mole Wt column.
Type 68, then press the down arrow key.
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5. Type the remaining Molecular Weight values as shown.

Figure 2.23

Szzay Input Data

Assay[;iarcenl Mole 't
0.0000 E8.00
10.00 119.0
20.00 150.0
30.00 1820
40.00 2250
50.00 2820
60.00 350.0
70.00 456.0
80.00 585.0
90.00 713.0

Num of Paints to Add |1 Add Data Paints

All input curves except distilation are on midpoint
basiz. Dependent curves will be shifted to middle.

2

Click the OK button when you are finished.

Entering Density Data

1. Select the Density radio button. The corresponding assay matrix
appears. Since the Density assay is Independent, you must input
values in both the Assay Percent and Density cells.

Using the same method as for the previous assays, enter the API
gravity curve data as shown here.

Figure 2.24

Azeay Input D ata

N

Azsay Percent Mass Density
[%] [Ibit3]

Il 1200 4526
3300 473

B7.00 4963

74.00 51.95

91.00 5597

<emphys <emphys

Hum of Pointz to Add |1 #dd Data Points

Allinput curves except distillation are an midpoint
basiz. Dependent curves will be shifted to middle.
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Click the Edit Assay
button to access the
Assay Input Table.

Entering Viscosity Data

1. Select the Viscosity 1 radio button. The corresponding assay
matrix appears.

2. In the Viscosity Type drop-down list above the assay matrix, ensure
Dynamic is selected.

3. In the Viscosity Curves group, select the Use Both radio button.
The Temperature field is for each of the two viscosity curves.

4. Input the Viscosity 1 assay data as shown here. This viscosity curve

corresponds to Temperature 1, 100°F.

Figure 2.25

Input Data

() Bulk Props

O Light Ends Viscosity Type | Dynamic v

() Distillation

() Molecular Wi Temperatue  [100.0F

() Density

(3 Viscosit! hzzay Percent Viscosiy T

Rea2 1000 STy

Wigcosity Curves 30:00 0:7500

() Use Curve 1 50.00 4.200

(O Use Curve 2 70.00 39.00

& Use Both 50.00 £00.0

[ TebeisReady |

5. Select the Viscosity 2 radio button.
6. Enter the assay data corresponding to Temperature 2, 210°F, as

shown.

Figure 2.26

Dzzay Input Data

Assay Percent Wiscosity
[#] [2P]
10.00 01000
30.00 0.3000
50.00 0.8000
70.00 7.500
30,00 1223
<emphy <emplyr

The Assay is now completely defined based on our available data.

Click the Calculate button at the bottom of the Assay view. UniSim
Design calculates the Assay, and the status message at the bottom
of the view changes to Assay Was Calculated.
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The plot view can be re-
sized to make the plot
more readable. To re-size
the view, do one of the
following:

e Click and drag the

outside border to the
new size.

e Click the Maximize
icon.

[=]

Maximize icon

Refining Tutorial
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8. Click the Working Curves tab of the Assay property view to view
the calculated results.

Figure 2.27

A Assay:Assay-1

EEX

Assap Working Curves
Faint 1t Moles Cum. tales N[E]P fdole wit METIEES?SW V‘SFEPS‘F L VISCEE;:;“" 28
1} 0.00000 0.00000 97.26 7r.1a 33.83 0123 0.061
1 0.01000 0.01000 177 3213 39.64 0135 0.064
2 0.01000 0.02000 1434 105.3 40.53 0142 0.068
3 0.01000 0.03000 1647 116.7 41.08 0149 0072
4 0.01000 0.04000 18158 1266 41.64 0157 0.077
5 0.01000 0.05000 1580 1351 4218 0165 0.081
E 0.01000 0.06000 2134 1386 4264 0174 0.086
7 0.01000 0.07000 2277 1421 43.08 0183 0.031
g 0.01000 0.03000 241.3 1456 43.50 0.134 0.037
3 0.01000 0.03000 2529 1431 43.88 0.205 0102
10 0.01000 010000 261.4 152.7 44.24 0.216 0108
1 0.02500 012500 283149 166.4 4481 0.250 0125
12 0.02500 015000 3084 170.3 45.08 0.291 0143
12 0.02500 017500 3235 178.8 4532 0.340 0164
14 0.02500 0.20000 34391 1876 4557 0.400 0188 [~
= Input Data J Calculation Defautz  Working Curves | Plotz | Corelations Uszer Curvesz | Mates
Nane: [Assay- C O AsoWesCaobled

UniSim Design has calculated 50 points for each of the Assay
Working Curves.

9. To view the Assay data you input in a graphical format, click the
Plots tab. The input curve that appears is dependent on the current
variable in the Property drop-down list. By default, UniSim Design
plots the Distillation (TBP) data. This plot appears below.

Figure 2.28

Property:
Distillation

I Assay:Assay-1

Property Selection

EEX

Temperature (F)

oo
ang
[
o0 e

00000

Input TBP Distillation - Assay-1

|

0000 000 000 000 W00 200 B

Liguicd “alume Percent

TOM BO00 G000 1000

—+— TEP

~ InputData J Calculation Defaults J “Working Curves Plots| Comelations J User Curves JNDtes

Mare: | Aszap-1

I | ol

The independent (x-axis) variable is the Assay percent, while the
dependent variable is the TBP in °F. You can view any of the other
input curves by selecting the appropriate variable in the Property
drop-down list.
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Steady State Simulation

The remaining tabs in the Assay property view provide access to
information which is not required for this tutorial.

10. Close the Assay view to return to the Oil Characterization view.

Cutting the Assay (Creating the Blend)

Now that the assay has been calculated, the next task is to cut the
assay into individual petroleum hypocomponents.

1.
2.

Click the Cut/Blend tab of the Oil Characterization view.

Click the Add button. UniSim Design creates a new Blend and
displays its property view.

Figure 2.29

_|=Dala| Correlations JTabIasJ Froperty Plot J Distribution Plat J Composite Plot J Flot Summary JNUIES

4 Blend: Blend-1 (9[=1[E3]

Azsay Selection and Oil Informatior Cut Ranges

Available Assaps il Flaws Infarmation Cut Option Selection Auta Cut b
b il Flow Unitz | Flow Rate

Agzay-

Narne: |Blend-1 Blend Was Not Calculated

3.
4.

In the list of Available Assays, select Assay-1.
Click the Add button. There are two results:

e The Assay is transferred to the Oil Flow Information table.
(When you have only one Assay, there is no need to enter a Flow
Rate in this table.)

< A Blend (Cut) is automatically calculated based on the current
Cut Option.

In this case, the Blend was calculated based on Auto Cut, the

default Cut Option. UniSim Design calculated the Blend based on

the following default values for the boiling point ranges and number

of cuts per range:

< IBP to 800°F: 25°F per cut, generating [(800-1BP)/25]
hypocomponents

e 800 to 1200°F: 50°F per cut, generating 8 hypocomponents

e 1200 to 1400°F: 100°F per cut, generating 2 hypocomponents

The IBP, or initial boiling point, is the starting point for the first

temperature range. The IBP is the normal boiling point (NBP) of the

heaviest component in the Light Ends, in this case n-Pentane at
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Since the NBP of the
heaviest Light Ends
component is the
starting point for the cut
ranges, these
hypocomponents were
generated on a “light-
ends-free” basis. That is,
the Light Ends are
calculated separately
and are not included in
these hypocomponents.

5.

96.9°F. The first range results in the generation of (800-96.9)/25 =
28 hypocomponents. All the cut ranges together result in a total of
28+8+2 = 38 hypocomponents.

Click the Tables tab to view the calculated properties of these
hypocomponents.

Figure 2.30

Table Type Component Physical Properties
Component Properties HEP Denzity Wiscosity] WViscosiy? | A
P P Comp Name Fl Moale 't [Ib#t3] [cF] [cF]
Table Control HEBP 113 113.2 83.21 3811 013133 | 5.2023=-00;
® Main Propetties REEAEE] 1385 .05 3990 013704 | F.5392=00
() Other Properties NEP_164 1636 110.8 40.81 014511 0.07008
il NEP_188 1876 125.6 41.58 015577 | 7.5155e-00;
Blend-1 v NEP_213 2128 137.3 42.40 016913 0.08358
NBP_238 2382 143.4 4321 018602 | 9.2685e-00;
NEP_261 260.8 150.9 44.05 020947 0.10485
MNEP_289 2891 162.6 44 69 023898 011942
MNEP_313 313.0 169.7 45.03 027790 013755
MBP_338 3377 178.4 4531 0.33524 016232
MNEP_362 3625 189.6 45,62 041217 0.159238
MNEP_388 3876 201.5 46.01 051187 0.22897
MRP 412 4173 M4R 4R RN NRANIR n7Ra7s | ¥
" Data | Conelstions Tables Froperty Plot J Diistribution Plat J Compagite Plat J Plat Summary J Motes
Nome:  [Blznd O HedWesCobueed

N oo

These components could be used in the simulation. Suppose,
however, that you do not want to use the IBP as the starting point
for the first temperature range. You could specify another starting
point by changing the Cut Option to User Ranges. For illustration
purposes, 100°F is used as the initial cut point.

Return to the Data tab.

From the Cut Option Selection drop-down list, select User Ranges.
The Ranges Selection group appears.

In the Starting Cut Point field, enter 100°F. This is the starting
point for the first range. The same values as the UniSim Design
defaults are used for the other temperature ranges.

In the Cut End point T column in the table, click on the top cell
labeled <empty>. The value you will enter in this cell is the upper
cut point temperature for the first range (and the lower cut point for
the second range).

10. Type 800 then press ENTER.
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UniSim Design has
provided the Initial
Boiling Point (IBP) and
Final Boiling Point (FBP).
The IBP is the normal
boiling point (NBP) of
the heaviest component
in the Light Ends (in this
case, n-Pentane). The
FBP is calculated by
extrapolating the TBP
Assay data to 100%
distilled.

11. Enter the remaining cut point temperatures and the number of cuts
values as shown in the figure below.

Cut Ranges

Cut Option Selection Uszer Ranges w
Ranges Selection

Lower Temp Limit | 97.260 F
Upper Temp Limit | 1447 320 F

Starting Cut Point (100000 F

Cut End point T

F] MNum. of Cuts
Il a00.000 28 Subrmit
1200.000 g
1400000 2
<Emphy

12.0Once you have entered the data, click the Submit button to
calculate the Blend based on the current initial cut point and range
values. The message Blend Was Calculated appears in the status
bar.

13. Click the Tables tab to view the properties of the petroleum
hypocomponents.

Table Type Component Physical Properties
MNEP Density Viscosityl Viscosity? | A
Comp Name Fl Male 't [IbA#3] [cF] [cP]
Table Control MNEP_113 113.2 83.21 3811 013133 | 5.2023=-00;
® Main Propetties NBF_139 1385 .05 3990 013704 | F.5392=00
() Other Properties NEP_164 1636 110.8 40.81 014511 0.07008
il NEP_188 1876 125.6 41.58 015577 | 7.5155e-00;
Blend-1 v NEP_213 2128 137.3 42.40 016913 0.08358
NBP_238 2382 143.4 4321 018602 | 9.2685e-00;
NEP_261 260.8 150.9 44.05 020947 0.10485
MNEP_289 2891 162.6 44 69 023898 011942
MNEP_313 313.0 169.7 45.03 027790 013755
MBP_338 3377 178.4 4531 0.33524 016232
MNEP_362 3625 189.6 45,62 041217 0.159238
MNEP_388 3876 201.5 46.01 051187 0.22897
MRP 412 4173 M4R 4R RN NRANIR n7Ras | ¥
" Data | Conelstions Tables Froperty Plot J Distribution Plat J Compazite Plat J Plat Summary J Motes
Nome:  [Blznd O HedWesCobueed

Use the vertical scroll bar to view the components which are not
currently visible in the Component Physical Properties table.

Viewing the Oil Distributions

1. To view the distribution data, select Oil Distributions from the Table
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Type drop-down list. The Tables tab is modified as shown below.

Table Type Cut Input Infarmatian Cut Distributions
Name En[?] T & Narme EE[QFIT T Er;g] T Fraction
Table Control ] Off Gas 50.00 Lt 5t Run 100.4 158.0 0.033
N Lt 5t Run 158.0 Naphtha 158.0 356.0 0172
Basis| Ligudvolums [ Naphtha | 356.0 Kesene | 3560 4540 0129
il Keiosens 464.0 Light Diesel 464.0 554.0 0.039
Elond v Light Diesel E54.0 Heavwy Diesel 554.0 E44.0 0.033
Heawy Diezel E44.0 At Gaz Oil B44.0 ES2.0 0.049
At Gas Dil 653.0 Residue 638.0 1435 0.444
Residue 2192
(%) Straight Run
() Ccle Ol
() Wacuum Ol
() User Custom

Data | Comelations Tahles| Froperty Plot J Distribution Plat J Composite Plot J Flot Summary JNUIES

Nome:  [Bend o edWasClbued

At the bottom of the Cut Input Information group, the Straight Run
radio button is selected, and UniSim Design provides default TBP
cut point temperatures for each Straight Run product. The Cut
Distributions table shows the Fraction of each product in the Blend.
Since Liquid Vol is the current Basis in the Table Control group, the
products are listed according to liquid volume fraction.

These fractions can be used to estimate the product flow rates for
the fractionation column. For example, the Kerosene liquid volume
fraction is 0.129. With 100,000 bbl/day of crude feeding the tower,
the Kerosene production is expected at 100,000 * 0.129=12,900
or roughly 13,000 bbl/day.
If you want, you can investigate other reporting and plotting
options by selecting another Table Type or by viewing information
on the other tabs in the Blend property view.

2. When you are finished, close the Blend view to return to the Oil

Characterization view. Now that the Blend has been calculated,
the next task is to install the oil.

Installing the Oil

The last step in the oil characterization procedure is to install the oil,
which accomplishes the following:

e The petroleum hypocomponents are added to the fluid package.

= The calculated Light Ends and Oil composition are transferred to
a material stream for use in the simulation.

1. On the Oil Characterization view, click the Install Qil tab.
2. In the Stream Name column, click in the top blank cell.
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«

Leave Oil Environment
icon

3.

Type the name Preheat Crude, then press the ENTER key. UniSim
Design creates a new stream named Preheat Crude in the flowsheet
associated with the fluid package associated with this oil.

Al pil Characterization E@E

Oil Install Infarmation

0l Mame Ready Install Stream Mame Flowsheet

Blend-1 [ ¥ | PrehealCrudel Casze [Main)

= Aszay | Cut/Blend J User Property J Correlation  Install Oil

[ Clear &l ] [ Calculate Al ] [ Oil Jutput Settings... ] [ Retun to Basis Environment ]

o o

In this case, there is only one fluid package (Basis-1) and one
flowsheet (the main flowsheet), so the stream is created in the main
flowsheet. UniSim Design assigns the composition of the calculated
oil and light ends to stream Preheat Crude. The properties of the
new stream can be viewed from the Simulation environment.

The characterization procedure is now complete.

Return to the Basis environment by clicking the Return to Basis
Environment icon.

Click the Components tab of the Simulation Basis Manager view.

Select Component List - 1 from the list in the Component Lists
group. Click the View button to open the component list property
view.
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7. The hypocomponents generated during the oil characterization
procedure now appear in the Selected Components group.

Figure 2.35

—Selected Components———— Hypothetical
EZD components
opane . .
iBulane /are indicated
n-Butane *
iPentans by a after
n-Pertane <l Pure | the component
NEP[O]113*
NEF[]1 25 name.
NBP[0]1E4% .
NEF[0]1 85 <-Substitute-> |
MNEP[0]21:3*
NBP[0]235"
NBP[OJ251* e |
MNEP[0]285*
NBP[0]313* . |
NEP[0]235" Sart List
NBP[0]362%
mgg g i?g: Wiew Component |
NEP[0]437=
REAEE 7]

Viewing Component Properties

To view the properties of one or more components, select the
component(s) and click the View Component button. UniSim Design
opens the property view(s) for the component(s) you selected.

Press and hold the CTRL 1. In the Selected Components list, select H20 and NBP[0]113*.
';?é E%;egiazmore than 2. Click the View Component button. The property views for these

two components appeatr.

Figure 2.36

_Tol=l|
NBP[O]113* H=
~Component |dentification———————————————
Component Hame MBP[O]113*
Family / Class Hydracarbon
Chem Formula
1D Mumnber 10000
Group Mame Blend-1 Hypas
CAS Number
~UNIFAL Structur
Structure Builder.

{44 Mo Structure Available > 5>

~Uszer 1D Tag:

Tag Numnber Tag Test ]
1 <emplyy Mot Spec'd

B 1D | Critical I Paint ITDep I UzerProp

" Estimate Unknown Plup:l Edit Eruperliasl Edit Wisc Quw%

See Chapter 3 -
Hypotheticals in the

UniSim Design ) The Component property view provides you with complete access to
Simulation Basis Guide the component information. For pure components like H20, the

for more information on . . . R . . .

cloning library information is provided for viewing only. You cannot modify any
components. parameters for a library (pure) component, however, UniSim Design
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3.

E 4.

Basis Manager icon

allows you to clone a library component into a Hypothetical
component, which you can then modify as required.

The petroleum hypocomponent shown here is an example of a
hypothetical component. You can modify any of the parameters
listed for this component. For this example, the properties of the
hypothetical components generated during the oil characterization
are not changed.

Close each of these two component property views.

The fluid package is now completely defined, so close the
Component List view. The Simulation Basis Manager view should
again be visible; if not, click the Basis Manager icon to access it.

Click the Fluid Pkgs tab to view a summary of the new fluid
package.

Figure 2.37

# Simulation Basis Manager @|§|@|

Current Fluid Packages Flowsheet - Fluid Pkg Associations
Bl asis-1

View... Flowsheet Fluid Pkg To Lse

| Case [Main] Basiz-1
Add

Delzte

Copy
Default Fluid Pkg | Basis-1 ~

Impoit.... Fluid Pkg for Mew Sub-FlowS heets

(%) Use Default Fluid Pkg
Ecpot () Use Parert's Fluid Pkg

i

= Components  Fluid Pkgs| Hypotheticals JD\IManagel JHeact\omsJ Component M aps J LUser Properties J

Enter PY'T Envvironment... ] [ Retum to Simulation Environment. .

The list of Current Fluid Packages displays the new fluid package,

Basis-1, showing the number of components (NC) and property

package (PP). The fluid package contains a total of 44 components:

e 6 library (pure) components (H20 plus five Light Ends
components)

e 38 petroleum hypocomponents

The new fluid package is assigned by default to the Main Flowsheet,

as shown in the Flowsheet-Fluid Pkg Associations group. Next

you will install streams and operations in the Main Simulation

environment.

2.2.4 Entering the Simulation

a

Enter Simulation 1.

Environment icon

Environment

To leave the Basis environment and enter the Simulation
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environment, do one of the following:

e Click the Enter Simulation Environment button on the
Simulation Basis Manager view.

« Click the Enter Simulation Environment icon.

When you enter the Simulation Environment, the initial view that
appears depends on your current preference setting for the Initial
Build Home View.

Three initial views are available: PFD, Workbook, and Summary.
Any or all of these can be displayed at any time, however, when you
first enter the Simulation Environment, only one appears. For this
example, open the Workbook under the Tools menu or by
pressing CTRL W.

Figure 2.38

3 NoMame. usc - UniSim Design R400
File Edit Simulation Flowsheet ‘Workbook Tools  Window  Help

; |
A& | e ek E|>c= e gy a Ervionmeri €3 = l

* Workbook - Case (Main) |Z“Elrs__<|

MName Fieheat Crude = Mew ™ "'
W apour Fraction <emphys EI *
Temperature [F] <emphys
Pressure [psia] <emply> !‘_i' i‘
Molar Flow [Ibrmalehir] <empty>

Mass Flow [Ibshr] <empty> ‘

Std Ideal Lig Val Flow [barrel/da <emptys £
Heat Flows [Btushr] <emphys R
Molar Enthalpy [Btudlbmole] <emphys "’"’ "v"’ ‘E*ﬂ
LA e
Energy Streams J Compostion  Material Streams | Unit Ops _’//L. ‘g‘a
ProductBlock_Preheat Crude Fluid Pkg
FeederBlock_Preheat Crude B -)B >H
[ Include Sub-Flowsheets B m
|:| Show Name Only
Harizontal M atrix Murber of Hidden Objects: 0 ‘g '@ ‘[

There are several things to note about the Main Simulation
Environment. In the upper right corner, the Environment has
changed from Basis to Case (Main). A number of new items are
now available on the menu and toolbar, and the Workbook and
Object Palette are open on the Desktop. These latter two objects
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You can toggle the
palette open or closed
by pressing F4, or by
selecting Open/Close
Object Palette from the
Flowsheet menu.

=l

Save icon

are described below.

Objects Description

Workbook A multiple-tab view containing information regarding the

objects (streams and unit operations) in the simulation
case. By default, the Workbook has four tabs, namely
Material Streams, Compositions, Energy Streams and Unit
Ops. You can edit the Workbook by adding or deleting tabs,
and changing the information displayed on any tab.

Object A floating palette of buttons which can be used to add
Palette streams and unit operations.

—_
Material Streams  Compositions | Eneigy Steams | Unit Ops

Also notice that the name of the stream (Preheat Crude) you
created during the Oil characterization procedure appears in the
Workbook, and the white Object Status window at the very bottom
of the environment view shows that the stream has an unknown
pressure. As you specify the conditions of Preheat Crude, the
message displayed in the Object Status window is updated
appropriately. Before specifying the feed conditions, you can view
the stream composition, which was calculated by the Oil
characterization.

Viewing the Feed Composition

In the Workbook, click the Compositions tab to view the
composition of the streams.

Figure 2.39

“ Workbook - Case (Main) Q@E
Mame Preheat Crude I = hew = A~
Comp kole Frac (H20] 0.0000
Comp Mole Frac [Fropane] 0.0000
Comp Mole Frac (i-Butane] 0.0070
Comp Mole Frac [n-Butane] 0.0042
Comp Mole Frac [i-Pentane] 0.0122
Comp Mole Frac [n-Pentane) 0.0154
Comp Mole Frac [MBP[O]110%) 0.0292
Comp Mole Frac [MBP[O]1 38%] 0.0216 “

FreFlash Fluid Pkg | &Il N

FeederBlock_Preheat Crude
[ Include Sub-Flowsheets
[ Show Name Oy
Horizontal batrix Number of Hidden Objects: 0

The Light Ends and petroleum hypocomponents are listed by Mole
Fraction. To view the components which are not currently visible,
use the up and down arrow keys or the vertical scroll bar to advance
down the component list.

Before proceeding any further to install streams or unit operations,
save your case.

Do one of the following:
e Click the Save icon on the toolbar.
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If you enter a name that
already exists in the
current directory, UniSim
Design ask you for
confirmation before
over-writing the existing
file.

Workbook icon

When you press ENTER
after entering a stream
property, you are
advanced down one cell
in the Workbook only if
the cell below is
<empty=>. Otherwise,
the active cell remains
in its current location.

e Select Save from the File menu.

e Press CTRL S.

If this is the first time you have saved your case, the Save
Simulation Case As view appears. By default, the File Path is the
cases sub-directory in your UniSim Design directory.

In the File name field, type a name for the case, for example
REFINING. You do not have to enter the *.usc extension; UniSim
Design adds it automatically.

Once you have entered a file name, press the ENTER key and
UniSim Design saves the case under the name you gave it. The
Save As view does not appear again unless you choose to give it a
new name using the Save As command.

2.2.5 Using the Workbook

Click the Workbook icon on the toolbar to ensure the Workbook view
is active.

Specifying the Feed Conditions

In general, the first task in the Simulation environment is to install one
or more feed streams, however, the stream Preheat Crude was already
installed during the oil characterization procedure. At this point, your
current location should be the Compositions tab of the Workbook
view.

1

2.

. Click the Material Streams tab. The preheated crude enters the

pre-fractionation train at 450°F and 75 psia.

In the Preheat Crude stream, click in the Temperature cell and
type 450. UniSim Design displays the default units for temperature,
in this case °F.

Figure 2.40

~ Workbook - Case (Main)

Mame | Preheat Crude = Mew =
Wapour Fraction < erphy )
T emperature [F] | 450 F v
Pressure [pzia) | <emplys

Since this is the correct unit, press the ENTER key. UniSim Design
accepts the temperature. UniSim Design advances to the Pressure
cell.

If you know the stream pressure in another unit besides the default
of psia, UniSim Design will accept your input in any one of a number
of different units and automatically convert the value to the default.
For example, the pressure of Preheat Crude is 5.171 bar, but the
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a k&

default units are psia.
In the Pressure cell, type 5.171.

Press SPACE BAR. The field containing the active cell units
becomes active.

Begin typing ‘bar’. The field opens a drop-down list and scrolls to the

unit(s) most closely matching your input.

Figure 2.41

“ Workbook - Case (Main)

Mass Flow [Ib/hr] <{empty> ka/m-s2
Std Ideal Lig ol Flow [banelf’da;l {LEMmplys

Heat Flow [Btushr] {EMpl

tolar Enthalpy [Btudlbmole] | <emply> FNH?;E

Mame | Preheat Crude * New =
“apour Fraction | 03768

Temperature [F] | 450.0 .
Pressure [psia] 15171 psia ~
talar Flaw [Ibrnaledhr] | Lemplys MPa -

Alternately, you can
specify the unit simply
by selecting the unit in
the drop-down list.

If UniSim Design does not
flash the stream, ensure
that the Solver Active
icon in the tool bar is
selected.

@]

Solver Active icon

Once ‘bar’ is selected, press the ENTER key. UniSim Design accepts
the pressure and automatically converts to the default unit, psia.

Click in the Liquid Volume Flow cell, then type 1e5. The stream
flow is entered on a volumetric basis, in this case 100,000 barrel/
day.

Press the ENTER key.

The stream is now completely defined, so UniSim Design flashes it
at the conditions given to determine the remaining properties. The
properties of Preheat Crude are shown below. The values you
specified are a different colour (blue) than the calculated values
(black).

Figure 2.42

Temperature [F]

4500

Pressure [psia] 75.00
tdolar Flow [lbmale/hr] g4
azs Flow [Ib/hi] 1.144e+006
Std Ideal Lig Vol Flow [barrel/day 1.000e+005
Heat Flow [Btuthr] 7619
talar Enthalpy [Btu/lbmale] -7.619e+008 I

ProductBlock_Preheat Ciude
FeederBlock_Preheat Crude

Horizontal batriz

“ Workbook - Case (Main) E@@
Mame Preheat Crude = W =
‘Wapour Fraction 01292

=] Energy Streams JCDmposition Material Streams | Unit Opz

Fluid Pkg | Basis-1

[ Include Sub-Flawsheets
[ Show Name Orly
Murnber of Hidden Objects:

0

The next task is to install and define the utility steam streams that
will be attached to the fractionation tower later.
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Installing the Utility Steam Streams

1. On the Material Streams tab, click in the header cell labeled
**New**_

UniSim Design accepts 2. Type the new stream name Bottom Steam, then press ENTER.

blank spaces within a UniSim Design creates the new stream.
stream or operatlon

name.

w

In the Temperature cell, enter 375°F.

P

In the Pressure cell, enter 150 psia.

= Workbook - Case (Main) g@@

Name Freheat Crude | Baottom Steam = Mew ™
Yapour Fraction 01292 <emplys

Temperature [F] 450.0 3750

Pressure [psia] 75.00 150.0

Molar Flow [Ibrnoleshr] Al <emplys |

azz Flow [Ibrhr] 1.144e+006 <emplys

Std Ideal Lig ol Flow [barrel/da; 1.000e+005 < enmphys

Heat Flow [Btulhr] 7.E13 <empli

talar Enthalpy [Btulbmole] -7.619e+003 <emplhyy

=] Energy Streams JComposilion Material Streams | Unit Ops

ProductBlock_Bottam Steam Fluid Pkg | Basiz-1 hd
FeederBlock_Bottam Steam

] Include SubFlawshests
] Show Name Only
Hurizantal b atrix Mumber of Hidden Objects: 0

5. In the Mass Flow cell, enter 7500 Ib/hr.
6. Create a new utility stream called Diesel Steam.
7. Define the conditions of this stream as follows:

e Temperature 300°F
e Pressure 50 psia
e Mass Flow 3000 Ib/hr.

The Workbook view appears as shown below.

Figure 2.44

~ Workbook - Case (Main) Q@@

Mame Freheat Crude Buattarn Steam Diezel Steam = Mew =
Wapour Fraction LEmplis <emplis
Temperature [F] 4500 375.0 3000
Pressure [psia] 7a.00 150.0 50.00
Malar Flaw [Ibrnaledhr] 3814 <emply> <emplys
tazs Flaw [Ib/hr] 1.744e+008 <Lemplys 3000
Std Ideal Lig Yol Flow [barrel/da| 1.000e+005 <emply <emphy
Heat Flow [Btushr] 7E19 <emplys <emphys
tdolar Enthalpy [Btuslbmale] -7 B19=+008 Lemplys <emplys

Energy Steams J Composiion  Material Streams | Unit Ops

ProductBlock_Preheat Crude
k_Preheat Crude

Fluid Pkg | Basis-1 v

[ Include Sub-Flowsheets
[ Show Name Qrily
Horizontal Matriz Murmber of Hidden Objects: 0
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Providing Compositional Input

Now that the utility stream conditions have been specified, the next
task is to input the compositions.

1. Click the Compositions tab in the Workbook. The components are
listed by Mole Fraction by default.

2. In the Bottom Steam column, click in the input cell for the first
component, H20.

3. Since the stream is all water, type 1 for the H20 mole fraction, then
press ENTER.

The Input Composition for Stream view appears, allowing you to
complete the compositional input.

The Input Composition for Stream view is Modal, indicated by the
absence of the Minimize/Maximize icons in the upper right corner.

Figure 2.45

Input Composition for Stream: Bottom Steam [ %}
;I ~Composition Basi:
Hz0 . 7 = Mole Fractions
Propane <emply> | .
[FButane <empiy || i Mass Fractions
n-Butane <emptyy | | " Lig Wolume Fractions
iPentane <emptys ||
nPentane | cempuy | || ¢ MeleFlaws
SINES <empty> | | " Mass Flows
NUEER <emptys || .
FO[TE4" e " Lig Volume Flows
SEE <empty> | | N
Fl0j213" CEmpty Composition Contols
:E 238 <Emplyr : £
BF[0]2E1* <emplys || e |
BP[0]285" <emptyy | | -
P0]313* <emply> Marmalize |
P[0]338 Zemphys ||
36 <emplyr | | C |
FI0j3Es Lemply LI *I
Tatal I1.DDUD oK I

When a Modal view is visible, you are unable to move outside the
view until you are finish with it, by clicking either the Cancel or OK
button.

The Input Composition for Stream view allows you to specify a
stream composition quickly and easily. The following table lists and
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These are the default
colours; yours can
appear differently
depending on your
settings on the Colours
page of the Session
Preferences view.

describes the features available on this view:

Features ‘ Description

Compositional You can input the stream composition in some
Basis Radio fractional basis other than Mole Fraction, or by
Buttons component flows, by selecting the appropriate radio

button before providing your input.

Normalizing The Normalizing feature is useful when you know the
relative ratios of components (2 parts N2, 2 parts CO2,
etc.) Rather than manually converting these ratios to
fractions summing to one, enter the numbers of parts
for each component and click the Normalize button.
UniSim Design computes the individual fractions to
total 1.0.

Normalizing is also useful when you have a stream
consisting of only a few components. Instead of
specifying zero fractions (or flows) for the other
components, enter the fractions (or the actual flows)
for the non-zero components, leaving the others
<empty=>. Click the Normalize button, and UniSim
Design forces the other component fractions to zero.

Calculation As you input the composition, the component fractions
status/colour (or flows) initially appear in red, indicating the final
composition is unknown. These values become blue
when the composition has been calculated. Three
scenarios result in the stream composition being
calculated:

« Input the fractions of all components, including
any zero components, such that their total is
exactly 1.0000, then click the OK button.

= Input the fractions (totalling 1.000), flows or
relative number of parts of all non-zero
components, then click the Normalize button then
the OK button.

* Input the flows or relative number of parts of all
components, including any zero components,
then click the OK button.

This stream is pure water, therefore, there is no need to enter
fractions for any other components.

4. Click the Normalize button and all other component fractions are
forced to zero.

5. Click the OK button. UniSim Design accepts the composition and
you are returned to the Workbook view.

The stream is now completely defined, so UniSim Design flashes it
at the conditions given to determine the remaining properties.

6. Repeat steps #2 to #5 for the other utility stream, Diesel Steam.
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If you want to delete a
stream, move to the
Name cell for the
stream, then press
DELETE. UniSim Design
ask for confirmation of
your action.

L d

Material Stream icon

op |

Add Object icon

Both of the temperature
and pressure
parameters are in the
default units, so you do
not need to change the
unit with the values.

Do not enter a flow, it is
entered through the
Composition page.

7. Click the Material Streams tab. The calculated properties of the

two utility streams appear here.

Figure 2.46
Workbook - Case (Main} |_ (O] x|

MName Preheat Crude | Baottom Steam Diesel Steam = New =
W apour Fraction (0.0959 1.0000 1.0000

Temperature [F] 450.0 3750 300.0

Preszure [pzia] 75.00 150.0 50.00

Maolar Flow [MMSCFD] 3473 3.583 1.517

Maszs Flow [IbAhr] 1.144e+005 7100 3000

Liguid “olume Flavs [barrel/day] 1.000e+005 4871 205.8

Heat Flow [Bitushr] -7.653e+008 -3.997e+007 -1.697e+007

M aterial Slleamsl Compositions I Eneray Streams I Urit Ops |

ProductBlock Preheat Crude
ik,

Fluid Pkg I All - l

[ Include Sub-Flawsheets
[0 Show Name Orly

v Horizontal Matrix Mumber of Hidden Objects: 0

10.
11.

Next, you will learn alternative methods for creating a new stream.

To add the third utility stream, do any one of the following:

e Press F11.

e From the Flowsheet menu, select Add Stream.

< Double-click the Material Stream icon on the Object Palette.
e Click the Material Stream icon on the Object Palette, then click

on the Palette's Add Object icon.

Each of these four methods displays the property view for the new
stream, which is named according to the Auto Naming setting in
your Preferences. The default setting names new material streams
with numbers, starting at 1, and energy streams starting at Q-100.

In the stream property view, click in the Stream Name cell and

rename the stream AGO Steam.
Press enter.
In the Temperature cell, enter 300.
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12. In the Pressure cell, enter 50.

Figure 2.47

I
Worksheet Stream Mame AGO Steam
- Wapour # Phage Fraction CEMmplYs
Conditions Temperature [F] 300.00
Froperties Fressure [psia] 50.000
. Malar Flavs [Ibmoleshr] <emplys
Cemzeelian Mazs Flaw [Ibshi] <emply:
K Walue Std Ideal Liq Yal Flow [banel/day] Zemply>
User Variables Malar Enthalpy [Btu/lbmaole] <Emplys
tolar Entropy [Btu/lbmale-F] <Emplys
Motes Heat Flow [Etuhr] CEMmplYs
Cost Parameters Lig %al Flow &5td Cond [barrel/day] <emply>
Fluid Package Basis-1

_— -
Wolksheell Attachments I Dynamics |

[ Unknown Compasitions

Delete | Define from Other Stream... e =5

13. Select the Composition page to begin the compositional input for
the new stream.

Figure 2.48

Il
Worksheet | Mole Fraction ;I
H20 <emphy: _I
Conditions Propane <ermpy
. |i-Butane <empty>
IPligeilis n-Butane <emphy>
Composition iPentane <emptys |
|n-Pentane <emphy>
K ¥alug BRI 13 <empty>
Uszer Variables BE(0]1:33* SRR |
BF[0]1E4" <emphy:
Motes BF(0]188 <emphy: | -
Cost Parameters Toal |0.00000
Edit.. | Edit Properties. .. | Basis... |

— -
Wolksheell Attachments I Dynamics |

[ Unknown Compasitions

T Delete I Define from Other Stream... L

14.Click the Edit button. The Input Composition for Stream view

appears.
The current .. . .
Composition Basis 15. In the Composition Basis group, select the Mass Flows radio
setting is set to the button.
Preferences Default of

Mole Fractions. The 16. Click in the compositional cell for H20.

Ztnrt‘zarg‘dcgr’]“;‘:ﬁiaﬂs‘;” is 17. Type 2500 for the steam mass flow, then press ENTER. As there
basis. are no other components in this stream, the compositional input is
complete.
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. . 18. Click the OK button to close the view and return to the stream
Since only H20 contain

any significant value, property view.
UniSim Design

automatically forc’es all Figure 2.49
other components’ value

to be zero.

=il xd

Worksheet M ﬁ

— Hz0 2500.0 H
Conditions Propane 0.00000
P fi |I-Butane 1.00000
roperties n-Butane 0.00000
Composition iPentane AN
|n-Pentane 0.00000
K Walue EP[0]113¢ 0.00000
. IEER 00000

User Yariables BF[0[164" 0.00000 |~/
Motes ilJ i3

Cost Parameters Total IZSDD.DUUDD [
7 Edit Properties. .. | Basjs... |

— -
W’olksheell Attachments I Dynamics |

Delete | Diefine from Other Stream... | L] =5

UniSim Design performs a flash calculation to determine the
unknown properties of AGO Steam, as shown by the status indicator
displaying ‘OK’. You can view the properties of each phase using the
horizontal scroll bar in the matrix or by re-sizing the property view.
In this case, the stream is superheated vapour, so no Liquid phase
exists and the Vapour phase is identical to the overall phase. To
view the vapour compositions for AGO Steam, scroll to the right by
clicking the right scroll arrow, or by click and dragging the scroll
button.

The compositions are currently displayed by Mass Flows. You
can change this by clicking the Basis button and choosing
another Composition Basis radio button.

19. Close the AGO Steam property view.

2.2.6 Installing Unit Operations

Now that the feed and utility streams are known, the next task is to
install the necessary unit operations for processing the crude oil.

Installing the Separator

The first operation is a Separator, used to split the feed stream into its
liquid and vapour phases. As with most commands in UniSim Design,
installing an operation can be accomplished in a number of ways. One
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Workbook icon

2-43

method is through the Unit Ops tab of the Workbook.

1.

2.

w

view.

Move to the Unit Ops tab.
Click the Add UnitOp button. The UnitOps view appears, listing all

available unit operations.

Click the Workbook icon to ensure the Workbook is the active

In the Categories group, select the Vessels radio button. UniSim

Design produces a filtered list of unit operations, showing only

those in the current category.

Figure 2.50

UnitOps - Case (Main)
Cateqgories

&l Unit Ops

(5) VYessels

(") Heat Transfer E quipment
() Rotating Equipment

() Piping E quipment

() Salids Handling

() Reactars

Ayailable Unit 0perations
3 Phase Separator
Cont. Stined Tank Reactor
Corversion Feactor
E quilibrium Reactor
ibbz Reactor

Separator

Single Outlet Vessel
Tank

Ziegler-M atta Reactor

EEX

Add

Cancel

) Prebuilt Calurnns

() Shart Cut Columnns
() Sub-Flowsheets

() Logicals

() Estensions

() User Ops

() Electrolyte Equipment
() Upstream Ops

() Shadow Plant Ops
(O UDFP Ops

5. Add the separator by doing one of the following:

= Select Separator in the list of Available Unit Operations, and
click the Add button or the ENTER key.

< Double-click on Separator.
The property view for the separator appears in the figure below.

v-100 =3

Design Name |/-100

Inlsts
< Sheam »>»

Ci

Parameters

W apour Outlet v

User Yariables

Maotes

- —
Energy [Optional) }
o —
Yeszel Fluid Package Liquid Outlet
Easis-1 A v

=
Design | Reactions J Rating J Wiorkshest J Diynamics J

T [ | -5
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UniSim Design provides
the default name V-100
for the separator. The
default naming scheme
for unit operations can be
changed in your Session
Preferences.

Alternatively, you could
have made the
connection by typing the
exact stream name in
the cell, and pressing
ENTER.

—
Design | Reactions J R ating J ‘Workshest J Dynamics J

N [ 5=

A unit operation property view contains all the information defining
the operation, organized into tabs and pages. The Design, Rating,
and Worksheet tabs appear for most operations. Property views for
more complex operations contain more tabs.

Many operations, like the separator, accept multiple feed streams.
Whenever you see a matrix like the one in the Inlets group, the
operation accepts multiple stream connections at that location.
When the matrix is active, you can access a drop-down list of
available streams.

Click in the Name field, type PreFlash, then press enter. The status
indicator at the bottom of the view shows that the operation
requires a feed stream.

In the Inlets matrix, click in the <<Stream=>=>=> cell.

Click the down arrow _=| to open the drop-down list of available
streams.

Select Preheat Crude from the list. Preheat Crude appears in the
Inlets matrix, and the <<Stream=>=> label is automatically moved
down to a new empty cell. The status indicator now displays
‘Requires a product stream’.

Figure 2.52

PreFlash E@@

Design

Inlets

Ci
Freheat Crude:
Parameters << Shream »»

User Yariables

Yapour Outlet v

Naotes

-
Energy [Optional) z

“essel Fluid Package Liquid Outlet
Easis-1 A4 v

10. Click in the Vapour Outlet field, or press tab to move to the field.
11. Type PreFlashVap in the field, then press enter. This stream does

not yet exist, so UniSim Design creates this new stream.
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An Energy stream
could be attached to
heat or cool the vessel
contents, however, for
the purposes of this
example, the energy
stream is not required.

Since there is no energy
stream attached to the
separator, no Optional
Heat Transfer
information is required.

2-45

12.Click in the Liquid Outlet field and type PreFlashLiq. UniSim

Design creates another new stream.

Figure 2.53

PreFlash [ [=1ET]
Design
C Inletsp —
reneat Lrude
Parameters AT Wapour Qutlet | PreFlashyap v
User Yarigbles
Notes
—
L.
- —
Energy [Dptiohal) }
7 ——
Yeszel Fluid Package Liquid Outlet
Basis-1 d PreFlashLig w
] Design | Reactions J Rating J ‘wiorksheet J Dynamics |
N (] orored

The status indicator displays a green OK message, showing that
the operation and attached streams are completely calculated.

13. Select the Parameters page. The default Delta P (pressure drop)
of zero is acceptable for this example. The Liquid Level is also

acceptable at its default value.

PreFlash =3

Design Delta P [ Erforce Pressure Back Propagation and Equalize all Pressure Fule
Inlet [psi] [ 00000
“apour outlet [psi] | 0.0000
- : “olume
User Yariahl
sef Variables TETs
Maotes
—_—
~ Liquid Yolume
35.31 ft3
- —
— 1 } G0.00 %
Type

(%) Separator () 3Phase Sep ) Tank () Single Outlet Yessel

—
Design | Reactions J R ating J ‘worksheet J Dipnamics J

I (5o
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14.To view the calculated outlet streams, click the Worksheet tab.
This is a condensed Workbook displaying only those streams
attached to the operation.

Figure 2.55

PreFlash =13
Worksheet Mame Freheat Crude FreFlazhLiq PreFlashiap
. W apour 0.0377 0.0000 1.0000
LI Temperature [F] 4500 4500 4500
Properties Preszure [pzia] 75.00 F5.00 75.00
- Molar Flow [lbmole/hr] 3814 3441 726
BRI Mass Flaw [Ibhi] 1 1442+005 | 1.004e+005 | 49832+004
PF Specs 5td Ideal Lig ol Flow [barrel/day] 1.000e-+005 9.504e+004 4561
Molar Enthalpy [Biurlbmale] -1.998e-+005 -2.126e+005 -8.127e+004
Malar Entropy [Btudlbmale-F] 367.6 390.9 152.3
Heat Flow [Btushr] -7 B19e+008 -7 31E6e+008 -3.028e+007

=] Design | Reaction: | Rating Worksheet | Dynamics
T (] orored

15. Now that the separator is completely known, close the PreFlash
view and the UnitOps view, and return to the Workbook view. The
new separator appears on the Unit Ops tab.

Figure 2.56

Workbook - Case [Main] M=
Marne Object Type Inlet Outlet lgnored | Cale. Level
PreFlashLig
PreFlazh Separatar Preheat Ciude I 500
PreFlashvap
Viewlnidp | AddUniOp | Delete UnitQp |
" Material Streams I Compoasitions I Energy Streams  Unit Ops |
Frahest Ciude O Include Sub-Flowsheets
PreFlashLig
PreFlashvap

The matrix shows the operation Name, its Object Type, the
attached streams (Inlet and Outlet), whether it is Ignored, and
its Calculation Level.

Optional Methods for Accessing Property Views

When you click the View UnitOp button, the property view for the
operation occupying the active row in the matrix opens. Alternatively,
by double-clicking on any cell (except Inlet and Outlet) associated
with the operation, you also open its property view.

2-46



Refining Tutorial 2-47

Return to the Material
Streams tab of the
Workbook.

Any utilities attached to
the stream with the
Workbook active are also
displayed in (and are
accessible through) this
display field.

You can also open the property view for a stream directly from the Unit
Ops tab of the Workbook. When any of the Name, Object Type,
Ignored or Calc. Level cells are active, the display field at the bottom
of the view displays all streams attached to the current operation.
Currently, the Name cell for PreFlash is active, and the display field
displays the three streams attached to this operation. To open the
property view for one of the streams attached to the separator (such
as Preheat Crude), do one of the following:

 Double-click on Preheat Crude in the display field at the bottom

of the view.

e Double-click on the Inlet cell for PreFlash. The property view for
the first listed feed stream opens. In this case, Preheat Crude is
the only feed stream, so its property view also opens.

2.2.7 Using Workbook Features

Before you install the remaining operations, you will examine a number
of Workbook features that allow you to access information quickly and
change how information appears.

Accessing Unit Operations from the Workbook

There are a number of ways to open the property view for an operation
directly from the Workbook besides using the Unit Ops tab.

When your current location is a Workbook streams tab (Material
Streams, Compositions, and Energy Streams tabs), the field at the
bottom of the Workbook view displays the operations to which the
current stream is attached. In this display field, you can click on any
cell associated with the stream.

For example, if you click in any cell for Preheat Crude, the field displays
the name of the operation, PreFlash, to which this stream is attached.
The display field also displays FeederBlock Preheat Crude, because the
Preheat Crude stream is a boundary stream. To access the property
view for the PreFlash operation, double-click on PreFlash. The operation
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The four existing tabs are
listed in the Workbook
Tabs area. When you add
a new tab, it is inserted
before the selected tab
(currently Material
Streams). You will insert
the new tab before the
Compositions tab.

Steady State Simulation

property view appears.

Figure 2.57

Stream Preheat Crude is the current
Workbook location.

=T
Hame Freheat Ciude om Steam Diesel Steam | |
‘Yapour Fraction 01292 1.0000 1.0000 _I
Temperature [F] 450.0 375.0 300.0
Pressure [psia] 75.00 150.0 50,00
tolar Flow [Ibmolehr] 3814 416.3 166.5
Mass Flow [Ibfhr] 1.144e+006 7500 3000
Liguid Volurme Flow [barrel/day] 1.000e+005 5146 205.8
Heat Flow [Buhr] -7.6159e+008 -4.222e+007 -1.697e+007
Mame AGD Steam FieFlasht'ap FreFlashLig LI

- N i
Maternial Sheamsl Composiions I Erergy Shieams I Unit Ops |

FeederBlock_Preheat Crude

PreFlash \

[ Include Sub-Flowsheets
[ Show Name Oy

Mumnber of Hidden Dbjects: i)

The operation to which Preheat Crude is attached appears in this
display field. Double-click the operation name to access its
property view.

Adding a Tab to the Workbook

When the Workbook is active, the Workbook item appears in the UniSim

Design menu bar. This item allows you to customize the Workbook.

In this section, you will create a new Workbook tab that displays only
stream pressure, temperature, and flow.

1. Do one of the following:

< From the Workbook menu, select Setup.

= Object inspect (right-click) the Material Streams tab in the
Workbook, then select Setup from the menu that appears.

The Workbook Setup view appears.

Figure 2.58

—whorkbook T ab ~Tab Caontent:

Material Streams Add | r~Object
Compoasitions

Energy Streams |

Unit Opz ez

MName: IM aterial Streams

Type: Material Shieam Mew Type..

DOrder...

W ariable:
Yariabls Foarmat Use Set... |
“fapour Fraction | 1.4 fixed
Temperature 4 zig fig Add...
Freszure 4 zig fig
Molar Flow | 4 =ig fig Delete |
I azs Flow 4 zig fig
Liquid olume Flow | 4 sig fig Eormat... {
Heat Flaw 4 zig fig
Opder...

Currently, all
variables appear
with four
significant
figures. You can
change the
display format or
precision of any
Workbook
variables by
clicking the
Format button.

2-48



Refining Tutorial 2-49

2. In the Workbook Tabs group list, select Compositions.
3. Click the Add button. The New Object Type view appears.

Figure 2.59

1 New Object Type |Z|@@
= s
Unit Operations

Heat Transfer Equipment
Ratating Equipment
Piping E quipment

Solids Handling Operatior
Reactors

Prebuilt Calumng

Short Cut Columns
Sub-Flowshests

Logical Dperations
Electralyte Equipment

& Upstream Operations
Shadow Plant Dperations

< >

e O O O O o O O e R . O = 3

=

4. Click the + beside Stream, select Material Stream from the
branch, then click the OK button. You return to the Setup view, and
the new tab appears after the existing Material Streams tab.

5. In the Tab Contents Object group, click in the Name field.

6. Change the name of the new tab to P,T,Flow to better describe the
tab contents.

Figure 2.60

~Tab Cantent:
~Dbject
Mame: IF',T,FloM DOrder... |
Type: | MatenalSteam  New Type |
W ariable:
ariable Foarmat Use Set... |
Yapour Fraction | 1.4 fized
Temperature 4 zig fig Add
Prezzure 4 zig fig
Molar Flow | 4 sig fig Delete |

I ass Flow 4 siq fig
Std Ideal Lig Yol Flowe 4 zig fig Fomnat.. |

Heat Flow 4 zig fig
Malar Enthalpy 4 zig fig Order |

The next task is to customize the tab by removing the variables that
are not required.

7. In the Variables group, click on the first variable, Vapour Fraction.
8. Press and hold the CTRL key.

9. Click on the other variables, Molar Flow, Mass Flow, Heat Flow,
and Molar Enthalpy. These four variables are now highlighted.

10. Release the ctrl key.
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If you want to remove 11. Click the Delete button to remove them from this Workbook tab.
variables from another The finished Setup view appears below.
tab, you must edit each
tab individually.
Figure 2.61
The new tab ~Workbaok Tab ~Tab Content
r\OW ap_pears Matenal Streams Add | ~Ohject
in the list of /" E;Trai‘g;“mm Name: [P.T.Flow Order...
Workbook Energy Streams &I T 5
Tabs in the Unit Ops Ype M aterial Stream Mew Type.
same order as ~ariabl
it appears in — H Tk
the Workbook. a”'I"aen'ﬁeperature frsri;aftig Sl
g Prassure 4 zig fig Add...
Std Ideal Lig Yol Flow 4 zig fig
T Helete
The new tab / Bleie :
displays only , Eormat...
these three—" Oder...
Variables.

]

Save icon

o

PFD icon

12. Click the Close icon to return to the Workbook view and see the

new tab.
Figure 2.62
workbook - Case (Main) =] 3]
RENT: Preheat Crude | Bottor Steamn Diesel Steam | |
Temperature [F] 4500 375.0 300.0 _|
Piessure [psia] 78.00 150.0 50.00
Std Ideal Lig ol Flow [barrel/da; 1.000e+005 514.6 205.8
Mame AGD Steam PreFlashyap PreFlashliq
Temperature [F] 300.0 450.0 450.0
Pressure [psia] B0.00 75.00 75.00
Std Ideal Lig Vol Flow [barel/da 1715 E282 9.372e+004
Name = Mew ™ =
" Material Streams | P, T, Flow Compositions I Erergyp Shreams I Unit Ops ]—
FeederBlock_Preheat Crude [ Include SubrFlowshests
PreFlash ] Show Name Only
Mumnber of Hidden Objects: a

13. Save your case by doing one of the following:

e Click the Save icon on the tool bar.
e Select Save from the File menu.
e Press CTRL S.

2.2.8 Using the PFD

The PFD is the other main view used in UniSim Design. The PFD item
appears in the UniSim Design menu bar whenever the PFD is active.

1. To open the PFD, click the PFD icon on the tool bar. The PFD view
should appear similar to the one shown below, except some stream
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)

Size Mode icon

]

Zoom Out 25% icon

i

Display Entire PFD icon

+

Zoom In 25% icon

icons may overlap each other.

Figure 2.63

PFD toolbar Material_
Stream icon

Stream/Operation labels

© PEJ - Case [Main) =3

HHAR Hi8 A7 @ 8§

HreFiasi

PreFlashLig

As a graphical representation of your flowsheet, the PFD shows the
connections among all streams and operations, also known as ‘objects’.
Each object is represented by a symbol, also known as an ‘icon’. A
stream icon is an arrow pointing in the direction of the flow, while an
operation icon is a graphic representing the actual physical operation.
The object name, also known as a ‘label’, appears near each icon.

The PFD shown above has been rearranged by moving the three utility
stream icons below and to the left of the Separator. To move an icon,
click and drag it to the new location.

You can click and drag either the icon (arrow) itself, or the
label (stream name), as these two items are grouped
together.

Like any other non-modal view, the PFD view can be re-sized by
clicking and dragging anywhere on the outside border.

Other things you can do while the PFD is active include the following:

e Access commands and features through the PFD toolbar.

= Open the property view for an object by double-clicking on its
icon.

< Move an object by click and dragging it to the new location.

= Access “pop-up” summary information for an object simply by
placing the cursor over it.

< Change an icon's size by clicking the Size Mode icon, clicking on
the icon, and click and dragging the sizing handles that appear
around the icon.
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Keep in mind that these
are the UniSim Design
default colours; you can
change the colours in
the Session Preferences.

The icons for all streams
installed to this point are
dark blue, indicating

they have been flashed.

Heater icon (Red)

@

Cooler icon (Blue)

< Display the Object Inspection menu for an object by placing the
cursor over it, and right-clicking. This menu provides access to a
number of commands associated with the particular object.

e Zoom in and out, or display the entire flowsheet in the PFD
window by clicking the zoom buttons at the bottom left corner of
the PFD view.

Some of these functions are illustrated here; for more information, see
Section 7.25 - PFD in the UniSim Design User Guide.

Calculation Status

Before proceeding, you will examine a feature of the PFD that allows
you to trace the calculation status of the objects in your flowsheet. If
you recall, the status indicator at the bottom of the property view for a
stream or operation displays one of three possible states for the object:

Status ‘ Description

Red Status A major piece of defining information is missing from
the object. For example, a feed or product stream is
not attached to a separator. The status indicator is red,
and an appropriate warning message appears.

Yellow Status All major defining information is present, but the
stream or operation has not been solved because one
or more degrees of freedom is present, for example, a
cooler where the outlet stream temperature is
unknown. The status indicator is yellow, and an
appropriate warning message appears.

Green Status The stream or operation is completely defined and
solved. The status indicator is green, and an OK
message appears.

When you are in the PFD, the streams and operations are colour-coded
to indicate their calculation status. The inlet separator is completely
calculated, so its normal colours appear. While installing the remaining
operations through the PFD, their colours (and status) changes
appropriately as information is supplied.

A similar colour scheme is used to indicate the status of streams. For
material streams, a dark blue icon indicates the stream has been
flashed and is entirely known. A light blue icon indicates the stream
cannot be flashed until some additional information is supplied.
Similarly, a dark red icon is for an energy stream with a known duty,
while a purple icon indicates an unknown duty.

Installing the Crude Furnace

In this section, you will install a crude furnace. The furnace is modeled
as a Heater.
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1. Ensure the Object Palette is visible (if it is not, press F4).

You will add the furnace to the right of the PreFlash Separator, so
make some empty space available by scrolling to the right using the
horizontal scroll bar.

2. In the Object Palette, click the Heater icon. The cursor changes to
a special cursor, with a black frame and plus (+) symbol attached to
it. The frame indicates the size and location of the operation icon.

3. Position the cursor over the PFD to the right of the separator.

Figure 2.64

> PFD - Case (Main) EEK) cseran ®

) & @ X
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Notice the heater has 4. Click to ‘drop’ the heater onto the PFD. UniSim Design creates a

red status (colour), new heater with a default name, E-100.
indicating that it
requires feed and Next you will change the heater icon from its default to one more

product streams. closely resembling a furnace.
5. Right-click the heater icon. The Object Inspect menu appears.

6. Select Change Icon from the menu. The Select Icon view
appears.

Alselect Icon

¢ I ? [#] Default
|:| 7. Click the WireFrameHeater5 icon (scroll to the right), then click
the OK button. The new icon appears in the PFD.

Furnace icon

#

Attach Mode icon
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When you are in Attach
mode, you are not able
to move objects in the
PFD. To return to Move
mode, click the Attach
button again. You can
temporarily toggle
between Attach and
Move mode by holding
down the ctrl key.

.2

Break Connection icon

If you make an incorrect

connection:

1. Click the Break
Connection icon on
the PFD toolbar.

2. Move the cursor over
the stream line
connecting the two
icons. A checkmark
attached to the cursor
appears, indicating an
acceptable connection
to break.

3. Click once to break the
connection.

Attaching Streams to the Furnace

1. Click the Attach icon on the PFD tool bar to enter Attach mode.

2. Position the cursor over the right end of the PreFlashLiqg stream
icon. A small box appears at the cursor tip.

Figure 2.66

reFIashVap

At the square connection

point, a pop-up description
- PreFlash appears attached to the
Rreheat cursor. The pop-up “Out”
indicates which part of the
stream is available for
E-i00 connection, in this case, the
F'reF as \ stream outlet.

3. With the pop-up ‘Out’ visible, click and hold the mouse button. The
white box becomes black, indicating that you are beginning a
connection.

4. Drag the cursor toward the left (inlet) side of the heater. A trailing
line appears between the PreFlashLiq stream icon and the cursor,
and a connection point appears at the Heater inlet.

5. Place the cursor near the connection point of the heater, and the
trailing line snaps to that point. As well, a white box appears at the
cursor tip, indicating an acceptable end point for the connection.

(
E-100
PreFlashLig

6. Release the mouse button, and the connection is made to the
heater inlet.

7. Position the cursor over the right end of the heater icon. The
connection point and pop-up ‘Product’ appears.

8. With the pop-up visible, click and hold the mouse button. The white
box again becomes black.

9. Move the cursor to the right of the heater. A stream icon appears
with a trailing line attached to the heater outlet. The stream icon
indicates that a new stream is being created.

Figure 2.68

E-100
PreFlashLig
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10. With the stream icon visible, release the mouse button. UniSim
Design creates a new stream with the default name 1.

11.Create the Heater energy stream, starting the connection from the
bottom left connection point on the Heater icon labeled ‘Energy
Stream’. The new stream is automatically named Q-100, and the
heater now has yellow (warning) status. This status indicates that
all necessary connections have been made, but the attached
streams are not entirely known.

Figure 2.69

E-100
PreFlashLig 1

G-100

12.Click the Attach icon again to return to Move mode.

The heater outlet and energy streams are unknown at this point,
so they appear light blue and purple, respectively.

Modifying Furnace Properties

Double-click the Heater icon to open its property view.

Click the Design tab, then select the Connections page. The
names of the Inlet, Outlet, and Energy streams appear in the
appropriate fields.

Figure 2.70

NoE

E-100 M=
Design Mame [E-100

Conneclions

Parameters Inlet Energy

User Yariables [PreFlashLid | [3100 =l

Motes
Clutlet

1 -
Fluid Package
B asis-1 hd

B Design | Fating J ‘wiorkshest J Performance J Diynamics J

Delete Unknowvin Duty [ lgnored
3. In the Name field, change the operation name to Furnace.
4. Select the Parameters page.
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5. In the Delta P field, enter 10 psi, then close the view.

Figure 2.71

[ Funace  m=H|
Design
Connections
Parameters Delta P Duty
User Yariables IWUUDS\—I I
Motes

—

i
Design I R ating I ‘wiorksheet I Performance I Dynamics |

Delete | |

Unknown Duty

I lgnored

The Furnace has one available degree of freedom. Either the outlet
stream temperature or the amount of duty in the energy stream can
be specified. In this case, you will specify the outlet temperature.

>

Double-click the outlet stream icon (1) to open its property view.

7. In the Stream Name field, change the name to Hot Crude.
8. In the Temperature field, specify a temperature of 650°F.

Figure 2.72

1=
Worksheet Stream Mame Haot Crude
. “Wapour / Phase Fraction 053553
Conditions Temperature [F] E50.00
Properties Pressure [psia] E5.000
P talar Flaws [Ibrmolehr] 3321.0
Cemzeelian Mass Flow [Ib/hi] T 0796e+ 006
K ¥alus Std Ideal Liq Yol Flaw [banel/day] 33718
Uzer Variables Molar Enthalpy [Btulbrmole] -1.624e+005
tolar Entropy [Btudlbmole-F] 343.48
Notes Heat Flow [Btushi] 5.3950e+08
Cost Parameters Lig %al Flow &5td Cond [barrel/day] 93457
Fluid Package Basis-1
4] 3

Delete |

— n
Wolksheell Attachments I Dyriamics |

Defing from Other Stream...

| « =

The remaining degree of freedom in the Furnace has now been
used, so UniSim Design can flash Hot Crude and determine its
remaining properties.

9. Close the view to return to the PFD view. The Furnace now has
green status, and all attached streams are known.
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-

Mixer icon

Multiple connection
points appear because
the Mixer accepts
multiple feed streams.

10.

11.

Double-click on the energy stream icon (Q-100) to open its
property view. The required heating duty calculated by UniSim
Design appears in the Heat Flow cell.

In the Stream Name cell, rename this energy stream Crude Duty,
then close the property view.

Figure 2.73

Energy Stieam: Crude Duty [_[=] =]
Propertie:
Stream Name Crude Dub
Heat Flows [Bhushr] 1.8626e+08
Rel. Temperature [F] <emplys
-
Stream | Uit Opz I Diynamics I Stripchart I r
S

Installing the Mixer

In this section, you will install a Mixer operation. The Mixer is used to
combine the hot crude stream with the vapours bypassing the furnace.
The resulting stream is the feed for the crude column.

1.

2.
3.

10.

Make some empty space available to the right of the Furnace using
the horizontal scroll bar. Move other objects if necessary.

Click the Mixer icon on the Object Palette.

Position the cursor over the PFD to the right of the Hot Crude
stream icon.

Click to ‘drop’ the mixer onto the PFD. UniSim Design creates a
new mixer with the default name MI1X-100.

Press and hold the CTRL key to temporarily enable the Attach mode
while you make the mixer connections (you will not release it until
step #13).

Position the cursor over the right end of the PreFlashVap stream
icon. The connection point and pop-up ‘Out’ appears.

With the pop-up visible, click and hold the mouse button, then drag
the cursor toward the left (inlet) side of the mixer. Multiple
connection points appear at the mixer inlet.

Place the cursor near the inlet area of the mixer, and when the
white box appears at the cursor tip, release the mouse button to
make the connection.

Repeat steps #6 to #8 to connect the Hot Crude stream to the
Mixer.

Position the cursor over the right end of the mixer icon. The
connection point and pop-up ‘Product’ appears.
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11. With the pop-up visible, click and drag to the right of the mixer. A
white stream icon appears, with a trailing line attached to the mixer
outlet.

12. With the white stream icon visible, release the mouse button.
UniSim Design creates a new stream with the default name 1.

13. Release the ctrl key to leave Attach mode.

—+ 14. Double-click on the outlet stream icon 1 to access its property view.

When you created the mixer outlet stream, UniSim Design
automatically combined the two inlet streams and flashed the
mixture to determine the outlet conditions.

15. In the Stream Name cell, rename the stream Tower Feed, then
close the view.

Figure 2.74

=
Worksheet Stream Mame Tower Feed
- Wapour / Phase Fraction 0.60964
Conditions Temperature [F] £39.29
Properties Preszure [pzia] E5.000
P tdolar Flave [Ibmole/hr] 381349
Ci I
IERIL Mass Flow [Ib/hi] 1.1442+008
K Walue 5td Ideal Lig Yol Flow [barel/day] 1.0000e+005
User Yariables Malar Enthalpy [Btu/lbmale] -1.519e+005
Malar Entropy [Btudlbmale-F] 31394
Notes Heat Flow [Btu ] 5 791 7e+08
Cost Parameters Lig Val Flow @5td Cond [barrel/day] 100000,
Fluid Fackage B asiz-1
o] ]

— -
Wolksheell Attachments I Dynamics |

Delete I Define from Other Stream... | & =

16. Double-click the mixer icon, MIX-100. Change the name to Mixer,
then close the view.

Resizing Icons in the PFD

Resize icons in the PFD to make it easier to read.
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1. Resize the PFD view by clicking and dragging the outside border.
I_I 2. Click the Zoom All icon to fill the PFD window, including any
=N objects that were not visible previously. A possible view of the
Zoom All icon resized PFD appears in the figure below.
Figure 2.75
PFD - Case (Main) Hi[=] 3
o ‘ 4 K4 ‘,O A7 B % [Defaut Colow Scheme. =
PreF;hvap D\ESE\_gtEEm
PreFlash
F D I

aromeat Furnace% —

Crude Hot AGO

T Crude e Steam

FreFlashLig

-

Crude Bottam

Dty Steam

EE= I o]
iicl)
@ 3. Click the Size Mode icon on the PFD toolbar.
4. Click the Furnace icon in the PFD. A frame with sizing handles

appears around the icon.

5. Place the cursor over one of the sizing handles. The cursor changes
to a double-ended sizing arrow.

Size Mode icon

Double-
ended sizing
arrow

6. With the sizing arrow visible, click and drag to resize the icon.
7. Click the Size Mode icon again to return to Move mode.

Adding an Energy Stream

In this section, you will add an energy stream. Prior to installing the
column, an energy stream must be created to represent the trim duty
on stage 28 of the main tower.

' 1. Double-click on the Energy Stream icon on the Object Palette.

) UniSim Design creates a new energy stream with the default name
Energy Stream icon
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A

Refluxed Absorber icon

=l

Save icon

If you choose to use the
pre-built crude column
template you still have
to customize the column
by modifying the various
draw and return stages
and default
specifications. Although
using the template
eliminates the majority
of the work over the
next few pages, it is
recommended that you
work through these
pages the first time you
build a crude column in
UniSim Design. Once
you are comfortable
working with the side
equipment, try using the
template. Instructions
on using the crude
column template are
given in an annotation
on the next page.

Q-100 and display its property view.

2. In the Stream Name field, change the name to Trim Duty.
3. Close the view.
4. Save your case by doing one of the following:

e press CTRL S.
< from the File menu, select Save.
« click the Save icon.

Installing the Column

UniSim Design has a number of pre-built column templates that you

can install and customize by changing attached stream names, number

of stages and default specifications, and adding side equipment. One of

these templates is going to be used for this example (a crude column

with three side strippers), however, a basic Refluxed Absorber

column with a total condenser is installed and customized in order to

illustrate the installation of the necessary side equipment.

1. Before installing the column, select Preferences from the UniSim
Design Tools menu. Click the Simulation tab.

2. On the Options page, ensure the Use Input Experts checkbox is
checked, then close the view.

3. Double-click the Refluxed Absorber icon on the Object Palette.
The first page of the Input Expert appears.

Figure 2.77

Refluxed Absorber Column Input Expert
Condenser Energy Stream I x T
" Total I :lv
Column Hame IT-1 oo 0 = Partial Oyhd Outlets
 Full Rflz I -
1
Optional [nlet Streams — — 3| 2 [ ‘Water Draw
Sthream Inlet Stage | . .
2 Shream > # Stages Optional Side Draws
n: — — — Stream Type Draw Stage |
1< Stream »»
EBottom Stage Inlet
;I n-1
n
. Bottoms Liguid Outlet
Stage Mumberin lﬁ'
i+ Top Down i Bottom Up

< Prey | flEest > |

Connections [page 1 of 4] Lancel |

The Input Expert is a Modal view, indicated by the absence of the
Maximize/Minimize icons. You cannot exit or move outside the
Expert view until you supply the necessary information or click the
Cancel button.

When you install a column using a pre-built template, UniSim Design
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supplies certain default information, such as the number of stages. The
current active field is # Stages (Number of Stages), indicated by the
thick border inside this field. There are some other points worth noting:

To install this column
using the pre-built crude
column template:

1. Double-click on the

Custom Column icon
on the Object Palette.

.On the view that
appears, click the
Read an Existing
Column Template
button. The Available
Column Templates
view appears, listing
the template files
*.col that are
provided in your
UniSim
Design\template
directory. Both 3- and
4-side stripper crude
column templates are
provided.

. Select 3sscrude.col
and click the OK
button. The property
view for the new
column appears. You
can now customize the
new column.

e These are theoretical stages, as the UniSim Design default stage
efficiency is one.

- If present, the Condenser and Reboiler are considered separate
from the other stages, and are not included in the # Stages
field.

Entering Inlet Streams and Number of Trays

For this example, the main column has 29 theoretical stages.
1. Enter 29 in the # Stages field.

2. Advance to the Optional Inlet Streams table by clicking on the
<<Stream=>= cell, or by pressing tab.

3. Click the down arrow =| to open the drop-down list of available
feeds.

Figure 2.78
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< Prev. | MEzt > |

4. Select Tower Feed as the feed stream to the column. UniSim
Design supplies a default feed location in the middle of the Tray
Section (TS), in this case stage 15 (indicated by 15 Main TS).
However, the feed stream needs to enter stage 28.

5. In the Optional Inlet Streams group, click in the Inlet Stage cell for
TowerFeed.

6. Type 28 and press enter, or select 28 Main TS from the drop-
down list of stages.

7. Click on <<Stream=>=> in the same table, which was automatically
advanced down one cell when you attached the Tower Feed stream.
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8. From the Stream drop-down list, select the Trim Duty stream,
which is also fed to stage 28.

Optional Inlet Streams —_——

Stream Inlet Stage | =
Tower Feed 28 Ma
Ad|

Trim Dty 28 Ma

9. Advance to the Bottom Stage Inlet field by clicking on it or by
pressing tab.

10. In the Bottom Stage Inlet field, click the down arrow x| to open
the drop-down list of available feeds.

11.From the list, select Bottom Steam as the bottom feed for the
column.

Entering Outlet Streams

In the Condenser group of the Input Expert view, the default
condenser type is Partial. To the right of this group, there are two
Overhead Outlets, vapour and liquid. In this case, the overhead
vapour stream has no flow, and two liquid phases (hydrocarbon and
water) are present in the condenser. The hydrocarbon liquid product is
attached in the liquid Overhead Outlets field, while the water draw is
attached using the Optional Side Draws table.

Figure 2.80

Overhead

Condenser

; o Ovhd Outlet V{\vapour

- i 1y utlets -
The water IPEiE] product field.

draw is  Full Rils ]j
attached \ I~ Wwater Draw

using this
table.

Overhead
Optional Side Draws ||qu|d

product field.

- Stream Type Draw Stage |
2% Stream »»

Although the overhead vapour product has zero flow, do not change the
condenser to Total. At this time, only the Partial radio button allows
you to specify a three-phase condenser.

1. Click in the top Ovhd Outlets field.

2. Enter Off Gas as the name of the overhead vapour product stream.
UniSim Design creates and attaches a new stream with this name.

3. Press tab again to move to the bottom Ovhd Outlets field, and
enter the new stream name Naphtha.

The next task is to attach the water draw stream to the condenser.
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4. In the Optional Side Draws table, click in the <<Stream=>==> cell.

5. Enter the name of the draw stream, WasteH20O. UniSim Design
automatically places a hydrocarbon liquid (indicated by the L in the
Type column) draw on stage 15. You will change this to a
condenser water draw.

6. Click on the Type cell (the L) for the WasteH20 stream.

7. Specify a water draw by typing W then pressing enter, or by
selecting W from the drop-down list.

8. Click on the Draw Stage cell (15_Main TS) for the WasteH20
stream.

9. Select Condenser from the drop-down list. The condenser is now
three-phase.

Figure 2.81

Condenser

¢ Total IfoGas =l
& Patial Oyhd Outlets

€ Full Rfl Im

v ‘wiater Draw IW’asteHZD vl

Optional Side Draws

ko Stream Tppe | Draw Stage
' asteH20 N Jndenzer
i« Sheam s

10. In the Column Name field, enter Atmos Tower.

11. In the Bottoms Liquid Outlet field, type Residue to create a new
stream.

12.In the Condenser Energy Stream field, type Cond Duty to define
a new stream. Press ENTER.
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All stream attachments The first page of the Input Expert should appear as shown below.
made on this page

ol Ut flowsheet
F 2.82
Column sub-flowsheet igure 2.8

streams with the same

names. For examp|e, Refluxed Absorber Column Input EXpert
when the Main Condenser Energy Stream |Cond Duty - o
Flowsheet stream ~ Total Off Gas z
BottomSteam was Column Mame [4tmos Towe] 0 * Partial Oxyhd Outlets
. -

attached as a feed, : Fulliifle | [Naphtha
UniSim DeSIQn Optional [nlet Streams —_— — 3= 2 [V Wwater Draw |‘WaterH20 -
automatically created S Tzt Stage [ ] ——
an identical stream T Tower Feed 28_Ma # Stages Optional Side Draws
named BottomSteam to Timbay [ 28 Ma x| Jo.ps [~ 7% L Seen | Tue Ji'g;“nifge
be used in the Column Eattom Stage |nlet 1< Stream »»
sub-flowsheet. Bottorn Steam - n

n

Bottoms Liguid Outlet

Stage Numbering Residug ¥

* TopDown " Bottom Up

| Mgt > | Connections [page 1 of 4] Lancel

The Next button now becomes available, indicating sufficient
information has been supplied to advance to the next page of the
Input Expert.

13. Click the Next button to advance to the Pressure Profile page.

Entering the Initial Estimate Values

1. On the Pressure Profile page, specify the following:
e« Condenser Pressure 19.7 psia
e Condenser Pressure Drop 9 psi
e Bottom Stage Pressure 32.7 psia

Figure 2.83

Refluxed Absorber Column Input Expert

Condenzer Pressure

19.70 psia

Condenser Pressure Drop

9.000 psi

Bottom Stage Pressure

< Prev | MNext > | Pressure Profile [page 2 of 4] Lancel
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2.

3.

Click the Next button to advance to the Optional Estimates page.
Although UniSim Design does not usually require estimates to
produce a converged column, good estimates result in a faster
solution.

Specify the following:

e Condenser 100°F
e Top Stage 250°F
e Bottom Stage 700°F

Figure 2.84

Refluxed Absorber Column Input Expert

Optional Condenser
Temperature Estimate
100.0F
Optional Top Stage
Temperature Estimate
250.0F

Optional Bottom Stage

Temperature Estimate

000k
< Prev | MNext > | Optional Estimates [page 3 of 4] Lancel

4.

5.

6.

Click the Next button to advance to the fourth and final page of the
Input Expert. This page allows you to supply values for the default
column specifications that UniSim Design has created.

In general, a refluxed absorber with a partial condenser has two
degrees of freedom for which UniSim Design provides two default
specifications. For the two specifications given, overhead Vapour
Rate is used as an active specification, and Reflux Ratio as an
estimate only.

From the Flow Basis drop-down list, select Volume. All flow
specifications are provided in barrels per day.

Specify the following:
e Vapour Rate O
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e Reflux Ratio 1.0.

Figure 2.85

Refluxed Absorber Column Input Expert

Yapour Rate [0.0000
LigudRate [

Fieflux R atio

Flow B asiz

Wolume -

< Prew | Dane.. | Side Ops > |

Specifications [page 4 of 4] Lancel

7. Click the Done button. The Column property view appears.

Figure 2.86

Connections
Condenzer Energy Stream

Column: Atmos Tower f COL1 Fluid Pkg: Basis-1 / Peng Robinson —|O ﬂ

Design Colurn Name  j&tmos Tawer Sub-Flowshest Tag |COLT Condenser

" Total & Partial ¢ Full Reflus

Menitex Cond Duty - Delta P Off Gas =
EipEes i 9000 psi Overhead Outlets
Specs Summary Naptha =
Subcoaling 1
Notes DDtlorgaI Inlet Streamlsl - 2 P cond Optional Side Diaws
tream nlet Stage | | N f z —
1] Tow?r Feed 28 Ma St:L;eos 19.70 psia Stream Type | Draw Stage
Trirn Dty 28 Ma [ =] e El || waste H20 W sndenser
Battorn Stage Inlet z; = BEEHEEmER
Eottom Steam - il fHpsa
i

Stage Numbering
(¢ TopDown { Battom Up |

Edit Trays...

t Design| Parameters J Side Ops J Rating J ‘wiorksheet J Perfoimance J Flowshest J Reactions J Dynamics |

Bottoms Liguid Outlzt
Fesidue hd

Delete | Calumn E nviranment... ‘ Fun | Fieset | | Unconverged | [ Update Outletz [ Ignored

Adding Specification Values

1. On the Design tab, select the Monitor page.

The main feature of this page is that it displays the status of your
column as it is being calculated, updating information with each
iteration. You can also change specification values, and activate or
de-activate specifications used by the Column solver, directly from
this page.
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The basic column has
three available degrees
of freedom. Currently,
two Specifications are
Active, so the overall
Degrees of Freedom is
one. The number of
available degrees of
freedom increases with
the addition of side
equipment.

The Draw Spec is
entered so that the
degrees of freedom is
kept at zero throughout
this tutorial. It is good
practice to keep the
degrees of freedom at
zero as you modify your
column so that you can
solve the column after
every modification.

ok

The current Degrees of Freedom is one, indicating that only two
specifications are active. As noted earlier, a Refluxed Absorber with
a partial condenser has two degrees of freedom and, therefore,
requires two active specifications. In this case, however, a third
degree of freedom was created when the Trim Duty stream was
attached as a feed, for which the heat flow is unknown. UniSim
Design has not made a specification for the third degree of
freedom, therefore you need to add a water draw spec called
WasteH20 Rate to be the third active specification.

Select the Specs page. Here you will remove two specifications and
add one new specification.

In the Column Specifications group, select Reflux Rate and then
click the Delete button.

Delete the Btms Prod Rate specification also.

Next you will add the WasteH20 Rate specification. Click the Add
button. The Add Specs view appears.

Select Column Draw Rate and click the Add Spec(s) button. The
Draw Spec property view appears.

In the Name cell, type WasteH20 Rate. No further information is
required as this specification is de-activated and only estimated
when you run the column.

Figure 2.87

Draw Spec: WasteH20 Rate [_ (O] x|

Name W asteHZ0 Hate
Draw <4 Shream »»

Flow Basis “Yolume

Spec Yalue <emphys

Parameters

Delete |

Summary Spec Type

8.

9.

Close the view. The new specification appears in the Column
Specifications group. The Degrees of Freedom is now zero.

Select the Connections page. See Figure 2.86.

The Connections page is similar to the first page of the Input
Expert. Currently, the column is a standard type, so this page
shows a column schematic with the names of the attached streams.
When the side equipment is added to the column, the page
becomes non-standard. There are a large number of possible non-
standard columns based on the types and numbers of side
operations that are added. Therefore, UniSim Design modifies the
Connections page into a tabular format, rather than a schematic
format, whenever a column becomes non-standard. In the next
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When you install side

equipment, it resides in

the Column sub-

flowsheet. You can build
a complex column in the

sub-flowsheet while in

the Main Flowsheet, the

column appears as a
single operation. You
can then transfer any
needed stream

information from the

sub-flowsheet by simply

attaching the stream to
the Main Flowsheet.

section you will add the side equipment and observe how the

Connections page is modified.

Installing the Side Strippers

1. Click the Side Ops tab of the Column property view.

Figure 2.88

Column: Atmos Tower / COL1 Fluid Pkg: Basis-1 / Peng-Robinson

Side Dps

Side Strippers
Side Rectifiers
Purmp Araunds
‘Wap Bypasses

Side Draws

—Side Stripper Summary

# Stages|  Lig Draw Stage Wap Retumn Stage Outlet Flow Heéot'llﬂh%uw
Flow B asi
’7(;' Molar ¢ Masz ¢ Volume g Add... | Delete | Side Ops Input Expert..

_ Desigh I Parameters  Side Ops I R ating I ‘Wiotksheet I Perfarmance I Flowsheet I Reactions I Dyriamics |

Delete |

Calumn Environrment | Run | Beset | _

¥ Update Outlets [ Ignored

On this tab, you can Install, View, Edit, or Delete all types of Side

Equipment. The table displays summary information for a given

type of side operation, depending on the page you are currently on.
2. Ensure that you are on the Side Strippers page.
3. Click the Add button. The Side Stripper view appears.

Figure 2.89

-

Side Stripper - 551 !EIE
Name |551|
Beturn Stage

= 1

LConfigurationr—————
Draw Stage ) & Reboiled :
I LI = Steam Shipped
k=
Flow Basis—— :’1 Boil Up Ratio
& Molar pes
© Mass
© Volume
" StdViolume Product Stream Information
[Product Shieam <emplys |
Delete Iristall | |Draw Spec —1 <emphy> |
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This is a reboiled 3-
stage stripper with a
0.75 boil up ratio, so
leave the

Configuration radio

button at Reboiled, and

the k = and Boil Up
Ratio fields at their
defaults.

©® N Ok

In the Name field, change the name to KeroSsS.

In the Return Stage drop-down list, select stage 8 (8 _Main TS).
In the Draw Stage drop-down list, select stage 9 (9_Main TS).
In the Flow Basis group, select the Std Ideal Vol radio button.
In the Product Stream field, enter Kerosene.

The straight run product distribution data calculated during the Oil
Characterization appears in the figure below.

Figure 2.90

~Cut Distribution:

Begin T | End T

Marmne Fraction

Lt 5t Run 100.3 158.0 0.033

Maphtha 158.0 356.0 0172 K_e ro_se ne
Kerosene 356.0 464.0 0129 | --— quuld
Light Digsel 464.0 554.0 0.089 Volume
Heawy Diesel 554.0 E44.0 0.033 .
Fraction

Atm Gag 01 E44.0 E32.0 0.049
Residue E32.0 1441 0.444

The Kerosene liquid volume fraction is 0.129. For 100,000 bbl/day
of crude fed to the tower, Kerosene production can be expected at
100,000 * 0.129 = 12,900 or approximately 13,000 bbl/day.

In the Draw Spec field, enter 13000. The completed Side
Stripper view appears below.

Side Stripper - KeroSS H=
Mame |KeroSS
Bieturn Stage
8 MainTS vl
—_— 1 LConfiguration—————
Diraw Stage 2 + Reboiled
I 9 ManTS j " Steam Stipped
k=[3
k-1 Bl Lin Fai
Flow Basis——— k ) Wy Fti
= Malar 0.75
 Mass
% Std Ideal Vol
€ Yol @ Std Cord Product Stream Specs
|F'rnduct Stream | Kerosene |
Delete Install | |Draw Spec [11.3002+004 barel/ |

10. Click the Install button, and a view summarizing your input

appears.
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11. Click the Close icon to return to the Column property view.

Close icon

Summary information for the new side operation appears in the
table on the Side Ops tab.

Side Stripper Summary

it Stages | Lig Draw Stage

| Vap Return Stage

[Ibrnolehr] [Etushr]

Outlet Flow |

Reboiler Duty |

Kemo5§

E] 5_ManT5

8 Main TS

<emplys

<emphy:

12.

Use the previous steps to install the two remaining side strippers

DieselSS and AGOSS. These are both Steam Stripped, so choose
the appropriate Configuration radio button and create the Steam
Feed and Product streams as shown in the following figures. The

@COL1 suffix is added automatically.

The completed DieselSS and AGOSS side stripper views appear
in the following figure.

Side Stripper - Dieselss

Mame |DieselS5|

FRetum Stage
16__Main TS -

e«
Diraw Stage 2
17_Main TS =

Flaw B asiz k

" Malar
" Mass
{+ Stdldeal Vol

IS E3

-Configuratiar
" Reboiled
* Steam Stripped

Steam Feed
Diesel Steam hd

(™ Vol @ Std Cond

Delete Install |

Product Stream Specs

Product Strearn | Diezel
Draw Spec_ |1 1.700e+004 barrel/

Side Stripper - AGDSS

Mame |AG0SS

Figure 2.93

M E3

Fetum Stage
21_Main TS -
—_— 1 LConfiguration
Diraw Stage " Reboiled
22_ManTS - &+ Steam Shipped
k=
'3_ Steam Feed
k-1 AGD Steam hd
Flow B asiz L =3
" Molar
" Mass
&+ Stdldeal Vol

" Vol @ Std Cand

Delete Install

Product Stream Specs
Product Shieam
Diraw Spec

AGD
Il 5000 barel/da

performed.

Although not a requirement, the names of the Steam Feed
streams created for these side strippers are identical to the
names of the utility steam streams that were created
previously in the Main Flowsheet. The conditions of these
Steam Feed streams, which reside in the Column sub-
flowsheet, are unknown at this point. The conditions of the
Main Flowsheet streams are duplicated into these sub-
flowsheet streams when the stream attachments are
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The completed Side Stripper Summary table appears below.

Figure 2.94

Side Stripper Surmmary

it Stages Lig Draw Stage Wap Return Stage lﬁ;::ztlg,nh‘;\]‘ Hefallih?]uw
Keos5 3 9 Main TS 8 Main TS <emply> <empy:
Diezel55 3 17__Main T5 16__Main TS <emply> <empty>
AGOSS 3 22__Main TS 21__Main TS <emply> <emply>

13. Click the Design tab and select the Monitor page.

The Specifications table on this page has a vertical scroll bar,
indicating that new specifications have been created below the
default ones. Resize the view to examine the entire table.

14. Click and drag the bottom border of the view down until the scroll

bar disappears, making the entire matrix visible.

Figure 2.95

S pecified Yalue Current Yalue ‘it Eror Active | Estimate| Current
Rieflux R atio <Empys <emply> v = v
Distillate Fate <Emptys <empys <emply> v ~d =
/ap Prod Rate 0.0000 barrel/day <empys <emply> ol v ul
wiasteH20 <emptys <emptyx <emply> v v v
KeraSS Prod Flow 1.300e+004 hamelday <Bmphys <ermphys [V ~ ~
Kero55 Boillp R atio 10,7500 < Bmphys < Emphyy v ~ v
Diezel5S Prod Flow 1.700e+004 bamelday < Bmphys <emply> v v v
AGDSS Prod Flow 5000 barel/day <emplyx <emply> v v v

The addition of the side
strippers has created
four more degrees of
freedom above the basic
column, resulting in a
total of seven available
degrees of freedom.
Currently, however,
seven Specifications are
Active, so the overall
Degrees of Freedom is
zero.

The installation of the side strippers created four additional degrees
of freedom, so UniSim Design created a Prod Flow (product flow)
specification for each side stripper, plus a BoilUp Ratio
specification for the Kerosene side stripper. The new specifications
were automatically made Active to exhaust the four degrees of
freedom, returning the overall Degrees of Freedom to O.

Installing the Pump Arounds

1. Click the Side Ops tab and select the Pump Arounds page.

2. Click the Add button. The initial Pump Around view appears.

3. In the Return Stage drop-down list, select stage 1 (1_Main TS).
4. In the Draw Stage drop-down list, select stage 2 (2_Main TS).
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5. Click the Install button, and a more detailed Pump Around view

appears.
Figure 2.96
Pump Around - PA_1 M= B3
Tzt Active 2nd Active Spec
[l Pa_1 RatelPa) | [I Pa_1_DHPa]
| < emphys | | <emplys
Fieturn Stage
I 1__Main TS vl

o s S Caleulated Information
Ciraw Temp. <emphy>
Draw Stage dT <emphyy
Im Retun Temp. <empty>
b Flow Fate <Emplyy

Dty <emply>

iew Bump | Wiew Yalve |

Delete | Pa_1

Each cooled pump around circuit has two specifications associated
with it. The default Pump Around Specifications are circulation

rate and temperature drop (Dt) between the liquid draw and liquid
return. For this example, the Dt specification is changed to a Duty
specification for the pump around cooler. The pump around rate is
50,000 bbl/day.

Tt otive 2nd Aotive Spec In the empty cell under the PA_1_Rate(Pa) specification, enter

F&_1_Hate[Ps Fa_1_DtPa)
l 5. 000e+004 barrel/ ‘ | < emphys 564 "

2

7. Double-click in the blank space under the PA_1 Dt(Pa)
specification, and the Spec view appears.
8. In the Spec Type drop-down list, select Duty.

Notice the negative sign 9. in the Spec Value cell, enter -55€6.
convention indicates

cooling.
‘ Figure 2.97

Pump Around Spec: PA_1_Duty(... [HE E3

Spec Tupe

|| Dty LI
Name F&_1_Duty(Pa)
Pump Around

Spec Yalue -5.500e+007 Btuhr

Parameters | Summary Spec Type

Delete |
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. Click the Add
button.

. Specify the Return
Stage and Draw
Stage.

. Click the Install
button. The second
view appears.

. Specify the 1st
Active spec.

. Double-click the
empty cell in the 2nd
Active spec.

. Select Duty from the
Spec Type drop-
down list.

. Enter the Spec
Value.

. Close the view.
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10. Click the Close icon to return to the Pump Around view.

Figure 2.98

Pump Around - PA_1 | _ (0] x]
Tzt Active 2nd Active Spec
| PA_1_RatelFal | | P&_1_DutiPa)
{15.0008+004 baneld | |[-5.500e+007 Btushr
—
Beturn Stage
I 1_Main TS VI
o s Calculated Information
Dirave Temp. <emplyy
Draw Glage dT <empty>
> Main 15 = Retun Temp. <emply>
= Flaw Fate <empy>
Dty -5.500e+007 Bt
Wiew Bump | Wiew Yalve |

[elete | Fa_1

The remainder of the information on the above view is calculated by

the Column solver.

11. Click the Close icon on the main Pump Around view to return to

the Column property view.

12. Repeat the previous steps to install the two remaining pump
arounds. Enter Rate specifications of 3e4 barrel/day and Duty
specifications of -3.5e7 Btu/hr for both of these pump arounds.

The completed Pump Around views and Liquid Pump Around
Summary table appear in the following figures.

Figure 2.99

Pump Around - PA_2

st Active 2nd Active Spec
| F4_2_RatePa) | [I P_2 Duty(Pa)
|1 2.000e+004 barrel | | -2.500e+007 Btu/hr

JS[E 3

Pump Around - PA_3 |_ (O] x]
st Active 2nd Active Spec
| PA_3 Rate[Pa) | | Pa_3_Duty(Pa]

[T3:0002+004 bael/s | [[-3.500=+007 Btushr

Delete ]

Beturn Stage Betun Slage
1E__Main TS vl 21 __Main TS
™ toueous Calculated Infarmation Bt Calculated Information
Diraw Temp. <emphy> Diraw Tem <emphys
Draw Stage dr <empty> Draw Stage a7 <emply>
17 _MainTs = Return Temp <emphys 22 Man 15 Rieturn Temp. <emptys
= Flow Fiate <Empty: Flow Fate <empy:
Dty -3.500e+007 Bt Dty -3.500e+007 Bt
ViewEump | | viewialve | VizwBump | | viewielve |

Delete Fa_3

Figure 2.100

Ligquid Pump Around Summar

Flow Do Draw T | Retun T
Dirave Stage Fieturn Stage [Ibrmole/hi] [Btw’jl:r] Fl ] E=part
Fa_1 2_Main TS 1__Main TS <empty: -5.500e+007 | <empty> | <emply>
Fa_2 17__Main TS5 16__Main TS <emptys 3 500e+007 | <emply> | <emplys | [
Pa_3 22 _Main TS 21__Main TS <emphys -3 A00e+007 | <emphy> | <emplys | [
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The addition of the
pump arounds has
created six more
degrees of freedom,
resulting in a total of
13 available degrees of
freedom. Currently, 13
Specifications are
active, so the overall
Degrees of Freedom is
zero.

13. Click the Design tab and select the Monitor page. Re-size the
property view again so the entire Specifications table is visible.

Figure 2.101

—Specification;
S pecified Value Curent Yalue 't Error Active | Estimate| Current
Distillate Fate <emplys Cempys Lemply: ~d I~ ~d
‘fap Prod Rate 0.0000 barrel/day <empy> <emplys v
Reflux R atio <ermphys <emphys Lemptys [V [V [V
WasteH20 Rate <ermphys <emphys £ Bmptys [V ~ ~
KeroS5 Prod Flow 1300 barrel/day <Emphys {Empty> v v v
Kero55 Boillp R atio 10,7500 <Emphys <Empty> v v v
DieselSS Prod Flow 17000 barrel/day <emply> <emply> v v v
AGOSS Prod Flow 5000 barrel/day <emplys <emplys v v v
P4,_1_Rate[Pa) 5.000=+004 barrel/day Cempys <emply> v v v
FA_1_Duty(Pa)  E00e+007 Btu/hr EE0e+007 0.0000 | o v v
P4_2 Rate[Pa) 3.000e+004 barrel/day <emphys <{empty> v v v
PA_2 Duty(Pa) 3 500e+007 Btudhr 3 50e+007 00000 | | ™ ™
P4_3 Rate[Fa) 3.000e+004 barrel/day <Emphys {empty> d rd v
F&_3 Duty(Pa) -3.500e-+007 Btulhr -3.50e+007 0.0000 rd v v
Wiew... | Add Spec... | Group Active Update [nactive | Degrees of Freedam IU

The addition of each pump around created two additional degrees of
freedom. As with the side strippers, the specifications for the pump
arounds have been added to the list and were automatically
activated.

14. Select the Connections page.

Figure 2.102

Column: Atmos Tower f COL1 Fluid Pkg: Basis-1 / Peng Robinson -0 LI
Design Colurnn Name IAtmus Tower SubFlowsheet Tag ICDL1

Connections rInlet Stieam Stage Numberin
onitar Internal Stream Extemnal Stream Inlet Stage Transter B asis Split | « | & TopD
S Bottom Steam | Battorn Steam 29 Man TS F-H Flash [l R Liown

[Po=s Tower Feed | Tower Feed 28_Man TS P-H Flash r = Bottom Up
Specs Summary Trim Dty Trirn Dty 28 Man TS Mone Fegd = .
Sufiasliig KeroSS_Energy | << Stream »> KeroS5_Reb Mone Reqd [l Edit Traps...

Diesel Steam | Diesel Steam 3 Diesel5S F-H Flash r
Notes AGO Steam AGOD Steamn 3 AGOSS P-H Flash r | ™ Selic et
= = plit Inlets

Outlet Stream
— IS.UDD 3
Internal Stream External Stream Outlet Stage Type Tranzfer Basiz & P a 2

Residue Residue 29 Main TS L F-H Flazh _| -
Naptha Maptha Condenszer L F-H Flash P Top I1 AR
0ff Gas 0ff Gas Condenser Y P-H Flash

Cond Duty Cond Duty Condenser 2] Mone Reg'd dP Bot I(Eth}D
Washe H20 W aste H20 Condenger W

F-HFlash &
Ll_l Ll_‘ PEBot I31.?D pzia
—
Designl Parameters I Side Ops IHaling I ‘wiorksheet I Performance I Flowsheet I Reactions I Dyriamics |

Delete | Column Environment... | Run | Heset | _ o

The Connections page of a standard refluxed absorber property
view is essentially identical to the first page of the refluxed absorber
Input Expert, with a column schematic showing the feed and
product streams. Side equipment have been added to the standard
refluxed absorber, however, making the column non-standard. The
Connections page has therefore been modified to show tabular
summaries of the Column Flowsheet Topology (i.e., all
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equipment), Feed Streams, and Product Streams.
The column has 40 Total Theoretical Stages:

e 29 in the main tray section

< 1 condenser for the main column

e 9in the side strippers (3 side strippers with 3 stages each)

e 1 reboiler for the Kerosene side stripper

This topology results in 4 Total Tray Sections—one for the main
column and one for each of the three side strippers.

Completing the Column Connections

When the stream attachments were made on the initial page of the
Input Expert, UniSim Design automatically created Column sub-
flowsheet streams with the same names. For example, when Bottom
Steam was attached as a column feed stream, UniSim Design created
an identical sub-flowsheet stream named Bottom Steam. In the Inlet
Streams table on the Connections page, the Main Flowsheet stream
is the External Stream, while the sub-flowsheet stream is the
Internal Stream.

Figure 2.103

Inlet Stream:

Internal Stream | Extemal Stream Inlet Stage Transfer Basis | Split |«
Bottom Steam | Battom Steam 29 Man TS F-H Flash -
Tower Feed Tower Feed 28 Man TS F-H Flash
Trirn Ciuty Trim Duty 28 Man TS Mane Feg'd
KeroS5_Energy | << Stream > KemS5_Reb Mone Feq'd
Diezel Steam | Dieszel Steam 3 Diegel55 F-H Flazh
AGO Steam AGO Steam 3_AGOSS F-H Flazh LI

If you scroll down the list of Inlet Streams, notice that the two side
stripper steam streams, DieselSteam and AGOSteam, are Internal
and External, meaning that these streams are attached to the Main
Flowsheet streams that were created earlier.

For the purposes of this tutorial, it is not required to export the pump
around duty streams PA_1 Q, PA_2 Q, and PA_3 Q to the Main
Flowsheet, so their External Stream cells remain undefined.

Adding Column Specifications

Select the Monitor page of the Column property view.

The current Degrees of Freedom is zero, indicating the column is
ready to be solved. Before you run the column, however, you will have
to replace two of the active specifications, Waste H20 Rate and
KeroSS BoilUp Ratio, with the following new ones:
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Add Specs - Atmos Tow... B3

Column 5 pecification Types

Column Cold Froperties Spec. &
Column Component Flow —
Column Companent Fraction
Calumn Component R atio

Column Component Recaveny
Calumn Cut Paint

Colurnn Draw R ate

Column DT [Heater/Caooler] Spec
Calumn Dt Spec

Column Dty

Column Duty Ratio

Column Feed R atio

Calumn Gap Cut Paint

Column Physical Properties Spec
Column Pump Around

Calumn Reboil Ratio Spec

Column Recoveny

Column Reflux Feed Ratia Spec
Column Reflux Fraction Soec J

 Overflash specification for the feed stage (Tray Net Liquid Flow
specification)

 Kerosene side stripper reboiler duty specification

Adding the Overflash Specification

1. On the Design tab, move to the Specs page.

Figure 2.104

Column: Atmos Tower f COL1 Fluid Pkg: Basis-1 / Peng Robinson - | Dlll
Design Colurnn Specifications—— [~ Specification Detail;
- ¥ Active

Distillate Fate N Wiz, | =
Connections Vap P[E‘d Rats e Spec Mame [WasteH20 Rate ¥ Use As Estimate
Ionitar 1 ’

W i Ol ez 9 No [ Current
Spocs e Del | I~ D Flow Basi

KeroSS Boillp Ratio Elete gy ey (==t
SIEEES S Diegel5S Prod Flow Spec Type
Subeooling ';ED.ISSH::;[%E;DW Fized/Hanged Spec | Fired |
Motes P 1 DutyiPal LI IF‘rimar_l,J.."JfS«Ilernale Spec ! Primary !

Update Specs from Dynamics | [ ¥ale:

Specification W alue I <Emplys |
Default Basis I\"'Dlume 'I Current Calculated Value | < Emplys |

—Error
Degrees of Freedam IU
‘wigighted Talerance 1.000e-002
“weighted Calculated Ermor <emply>
Abzolute Tolerance 151.0 barrel/day
Swilch Tio &ltemate Specs | Abzolute Calculated Eror <empy>

—
Designl Parameters I Side Ops IHaling I ‘warksheet I Performatce I Flowsheet I Reactions I Diynamics |

Delete | Column Environment... | Run | Reset | _ [~ Update Outlets [~ lgnored

Add Spec(s)... |

In the Column Specifications group, click the Add button. The
Add Specs view appears.

Select Column Liquid Flow as the Column Specification Type.

Click the Add Spec(s) button, and the Lig Flow Spec view
appears.

Change the name from its default to Overflash.

In the Stage cell, select 27_Main TS from the drop-down list of
available stages.

A typical range for the Overflash rate is 3-5% of the total feed to the
column. In this case, the total feed rate is 100,000 barrels/day. For
the Overflash specification 3.5%, or 3,500 barrels/day is used.
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7. In the Spec Value cell, enter 3500.

Figure 2.105

Lig Flow Spec: OverFlash |_ (O] x|
Name OverFlash
Stage 27__Main TS
Flow Basis Sid [deal ol
Spec Walue 350000 barrel/day

Parameters | Summary Spec Type

Delete |

8. Close the view to return to the Column property view. The new
specification appears in the list of Column Specifications group on
the Specs page.

Adding the Duty Specification

1. Click the Add button again to add the second new specification.

2. Select Column Duty as the Column Specification Type, then click
the Add Spec(s) button. The Duty Spec view appears.

3. In the Name cell, change the name to Kero Reb Duty.

4. In the Energy Stream cell, select KeroSS_Energy @COL1 from

the drop-down list.
5. In the Spec Value cell, enter 7.5e6 (Btu/hr).

Figure 2.106

Duty Spec: Kero Reb Duty [_ O] x|
Name Kero Reb Duty
Energy Stream ~er055 Energy GCOLT
Spec Yalue 7.5+ 006 Btushn

Parameters | Summary Spec Type

Delete |
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If the column begins to
run on its own before you
click the Run button, click
the Stop button and
continue activating or
deactivating
specifications.

6.

Steady State Simulation

Close the view to return to the Specs page of the Column property
view. The completed list of Column Specifications is shown in the
figure below

Figure 2.107

—Column Specifications——————————————————————

Reflux B atio View... |
Distillate Fiate —

‘Wap Prod Rate

WasteH20 Rate Al

KernS5 Prod Flow

KeraS5 Boilp R atio Delete |
DieselSS5 Prod Flow

AGDSS Prod Flow

Pa_1_Rate[Pa)

P&_1_Duty[Pa)

P&_2 Rate[Pa)

Pa_2_Duty(Pa)

F&_3 Rate[Pa)

Fa_3 Duty[Pa)

Update Specs from Dynamics |

I Walume hd
Degrees of Freedom IU

Default Basis

Running the Column

1.

© N O A

Select the Monitor page to view the Specifications matrix.

The Degrees of Freedom is again zero, so the column is ready to
be calculated, however, a value for the distillate (Naphtha) rate
specification must be supplied initially. In addition, there are some
specifications which are currently Active that you want to use as
Estimates only, and vice versa.

Make the following final changes to the specifications:

In the Specified Value cell for the Distillate Rate specification,
enter 2e4 (barrel/day).

Activate the Overflash specification by clicking its Active
checkbox.

Activate the Kero Reb Duty specification.
Activate the Vap Prod Rate specification.
Deactivate the Reflux Ratio specification.
Deactivate the Waste H20 Rate specification.
Deactivate the KeroSS BoilUp Ratio specification.

UniSim Design begins calculations and the information displayed on
the page is updated with each iteration. The column converges as
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shown in the figure below.

Figure 2.108

This matrix displays the The column temperature profile is shown
Iteration number, Step size, here. You can view the pressure or flow
Equilibrium error and Heat/ profiles by picking the appropriate radio
Spec error. button.

Column: Atmos Tower / COL1 Fluid Pkg: Basis-1 / Peng-Robinson

: £
Design Optional Check: Al Temps rat re s Tray Poe Hios Tiom Top
SR Input Summary “Wiew Initial Estimates... I :: f-"_,_ﬂ‘ |
. & Tem|
Monitor __Step E quilibriurn Heat / Spec | o R ’ ——
Specs 4 | 1.0000 0.003138 002816 [E55
5 oooo 0.000614 001218 || T Flows
Specs Summary E .0aoo 0.000113 000531 |/ ann.
: 7| 1.0000 0.000023 000237 || Jmo
Blzseallig g 1.0000 0.000005 000107 | v R
Notes
~Specification:
Specified Yalug Current Value ‘'t Ermor Active | Estimate| Curent o/
Reflux R atio 1.000 0.363 06308 | T v T [
Distillate Rate 2.000=+004 bamel/day 2.00=+004 0.0000 v v =
/ap Prod Rate 0.0000 barrel/day 316:-003 0.0000 v ~d =
‘wasteH20 <emphys <emphy> <emphy> v
KeraSS Prod Flow 1.200e+004 barelday 1.30e+004 0.0000 [V v I
KeraSS Boilllp Ratio 0 7500 0545 0 2054 ~ [
Diezel55 Prod Flow 1.700e+004 barel/day 1.70e+004 0.0001 v v v
AGOSS Prod Flow 5000 barel/day 5.00e+003 0000z | v A
Wiew... | Add Spec.. | Group Active | Update Inactive | Degiees of Fresdam IU
- —
Designl Parameters I Side Ops IHating I ‘wiorksheet I Performance I Flowshest I Reactions I Dyriamics |
Delete | Column Environment. .. | Run | Beset |F ¥ Update Outlets [ Ignored

The status indicator has changed from Unconverged to Converged.

The converged temperature profile is currently displayed in the
upper right corner of the view. To view the pressure or flow profiles,
select the appropriate radio button.

Click on the Performance tab, then select the Column Profiles or
Feed/Products page to see a more detailed stage summary.
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The Column Profiles page appears below.

Figure 2.109

Performance

Summary
Column Profiles
Feeds/Products
Plats

Column: Atmos Tower / COL1 Fluid Pkg: Basis:

‘ PengRobinson

- Basi
E:LIL;; E:::z 3231215 ‘ * Flows = Energy ‘ ’7 = Molar Mass ‘
Temperature Pressure Met Liquid Met apour Met Feed Met Draws ;I
[F] [psia] [barrel/day] [bamel/day] [barrel/day] [barrel/day _I
“Condenser 1655 18.70 7221.94 20862
1_Main TS 2974 2870 529721 28083.7 50002
2_Main TS 3342 2884 5BB37.7 E3832.1 50002
3 MainTS 3869 2899 5B8098.9 76399.4
4 Main TS 3670 2913 58529.6 7BIE0.E
5 Main TS 375.0 29.27 5E165.3 79391.3
E_Main TS 3822 23.41 572774 70271
7_MainT5 3837 2356 55848.2 781391
8 MainTS 3987 2970 538125 7E709.9 3307.6
9 Main TS 408.3 29.84 34904.6 713666 16308
10__Main TS 424.0 2999 332481 BE7ER.9
11_Main TS 4359 3013 321362 E7110.4
12__Main TS 445.0 30.27 311421 E5397.5
13_Main TS 452.2 30.41 29968.3 B5004.4
14_ Main TS 4587 30.56 28236.7 E3830.6
15__Main TS 466.0 30.70 251252 52033.0
16__Main TS 476.8 30.84 71275.0 58987.5 34743
17_Main TS 507.4 3099 16986.5 703943 51539
18__Main TS 547.8 A3 136124 E7645.0
19__Main TS 5E5.5 .27 118408 E4270.9
20__Main TS 5730 a4 10480.2 E2499.4
21_Main TS 577.2 3.56 532485 611387 32186
22_ Main TS BO7.5 .70 17762.4 7171491 37018
23_Main TS E306 .84 15652.2 73251.0
24__Main TS 640.2 .93 13530.2 711407
25_Main TS E45.7 3213 115487 B3018.7
26__Main TS ER0.0 3227 9180.89 E7037.3 LI

Delete |

Column Environment... | Fun

Feset

T Design I Parameters I Side Ops I Rating I ‘wiorkzheet Pel[mmancel Flowsheet I Reactiors I Dyramics |

|v Update Outlets [~ lgnored

In the Basis group near the top of the view, select the Lig Vol radio
button to examine the tray vapour and liquid flows on a volumetric

basis.

Viewing Boiling Point Profiles for the
Product Stream

You can view boiling point curves for all the product streams on a single

graph:
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1. On the Performance tab, click on the Plots page.

Figure 2.110

Column: Atmoz Tower / COL1 Fluid Pkg: Basiz-1 / Peng Robinson

Performance
Summary
Column Profiles
Feeds/Products
Plots

Tray by Tray Properties

Temperature
Fressure

Flow

Tranzport Froperties
Composition

K Walues
Light/Heawy Key

Refinery Azzay Curves

Eoilin

3
Density Assay
Uszer Properties

[T— Column Tray Ranges
iew Table...

[ Live Updates

Al
(" Single Tower

" From/To

Boling Poirt Assay Yiew Graph...
Molecular 't Ass
iew Table...
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"~ Desin J Parameters J Side Ops J Rating J ‘wiorksheet Pet[mmance| Flowishest J Reactions J Diynamics JDiStDD )

Delete |

Column Environment... |

| Reset | DCEREGEENEN  © Updete Outers [ lonorsd

2. In the Assay Curves group, select Boiling Point Assay.

3. Click the View Graph button, and the Boiling Point Properties
view appears.

Figure 2.111

Boiling Point Properties [ No Tray Attach. .. [H[=] E3

Boiling Paoint Properies

Tempemke

C T

Perceni Composlin

No data is plotted
on the graph,
since there is
currently No Tray
Attached, as
shown in the title
bar.
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You can view boiling
point properties of a
single tray or multiple
trays. The boiling point
properties of all stages,
from which products are
drawn, are important for
this Tutorial.

4. Click the Profile Data Control button, and the Data Control view

appears as shown below.

Figure 2.112

Data Control: E
Syl —Basi:
£~ bulti Tray & Malar
£+ Singls Tray © Mass
I—LI = Liquid Yal
Properties Phaze
I~ TEBP I~ “apour
I~ A3TM D86 I~ Light Liguid
I~ D86 Crack Reduce: I Heawy Liquid
I~ D1160Yas
™ DITEDATH Wisible Points———
™ Dasg7 & 15 Paints
¢ 31 Points

Select the Multi Tray radio button in the Style group. The Data
Control view is modified, showing a matrix of column stages with a
checkbox for each stage.

Activate the following stages by clicking on the corresponding
checkboxes:

Condenser (Naphtha product stage)

29 Main TS (Residue)

KeroSS_Reb (Kerosene)

3_DieselSS (Diesel)

3_AGOSS (AGO)

The TBP profile for the light liquid phase on each stage can be
viewed, on a liquid volume basis.

Select TBP in the drop-down list under the tray matrix in the Style
group.
In the Basis group, select the Liquid Vol radio button.

Activate the Light Liquid checkbox in the Phase group to activate
it.

10. Leave the Visible Points at its default setting of 15 Points. You

can display more data points for the curves by selecting the 31
Points radio button.
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The independent (x-
axis) variable is the
Assay Volume Percent,
while the dependent (y-
axis) variable is the TBP
in °C.

Move the graph legend
by double-clicking inside
the plot area, then click
and drag the legend to
its new location.

0

PFD icon

Workbook icon

&

Column Runner icon

The completed Data Control view is shown below.

Figure 2.113

Data Control:

Style: Basis

(% hulti Trap " Malar

" Single Tray " Maze

2_Diesel55 [T [ a] | | Liquidol

3 Diesel55 W

1_AGDSS I Phaze

2_AGDSS C | T apour

3 AG0SS || x| | Light Liquid

Al | Invert | Mone [~ Heavy Liguid

TER s Wizible Points
* 15 Points
" 31 Paintz

The Boiling Point Properties view is shown below.

Figure 2.114

Boiling Point Properties

. Click on the Close icon [¥] to close the Data Control view. You return
to the Boiling Point Properties view, which now displays the TBP
curves.

. Make the Boiling Point Properties view more readable by clicking
the Maximize icon in the upper right corner of the view, or by
clicking and dragging its border to a new view size.
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13. When you are finished viewing the profiles, click the Close icon.

Moving to the Column Sub-Flowsheet

When considering the column, you might want to focus only on the
column sub-flowsheet. You can do this by entering the column

environment.
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Maximize icon
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Steady State Simulation

1. Click the Column Environment button at the bottom of the column
property view.
2. While inside the column environment, you might want to:

< view the Column sub-flowsheet PFD by clicking the PFD icon.

< view a Workbook of the Column sub-flowsheet objects by
clicking the Workbook icon.

e access the “inside” column property view by clicking the
Column Runner icon. This property view is essentially the
same as the “outside”, or Main Flowsheet, property view of the
column.

The Column sub-flowsheet PFD is shown below.

Figure 2.115

Zoom All icon
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¥ML Data Exchange. ..
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CutfPaste Objects 4
Drynamic Inikialization 4
Malfunction Manager L4
Hide
Ignore

W Delets
Show Table
Format Label 4
Move/Size Label

@ Transform 4

Auto-Position

Draw Wire Frame

—
T = o Dty
- 0 ond Du
Pal1_0-Cooler ‘L Condenser
T —
SUE— | Reflux WasteHz20
PA_1_Return — Condenser
A_1_Codler 2 KeroSS_Return Naphtha
PA_1_Draw _3
PA_2_Q-Cooler 9 KeroSS_Draw KeroSS_Enproy
o —
PA_2 Return f Kero35_Reh
2] Main TS n
P 2_Cooler 1 =
—
Fa_2_Draw Kero85_ToReb Karosene
PA_3_0-Coole} P 2 -
PA_3_Return 12 DieselSS_Return
n ,__E.. 2 DieselSS_Draw
PA_3_Draw 2 Dieselss
Tower Faad AGOSS_Return Diesel Stea
AGOES_Draw
T _|
Dty { 2| scoss |_
—
Qotam Residue —_ Digsel
Seam AGO Steamn
-
AGO

Customizing the Column PFD

You can customize the PFD shown above by re-sizing the column and
“hiding” some of the column trays to improve the overall readability of
the PFD. To hide some of the trays in the main column:

| Show Trays. ..

Compress

Object Inspect menu

1. Click the PFD icon to ensure the column PFD is active.

2. Click the Maximize icon in the upper right corner of the PFD view
to make it full-screen.

3. Click the Zoom All icon at the bottom left of the PFD view to fill the
re-sized PFD view.

4. Object inspect (right-click) the main column tray section and the
object inspection menu appears.

5. Select Show Trays from the object inspection menu. The Stage

Visibility view appears.
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6. Select the Selected Expansion radio button.
7. Click the Check All button.
8. Hide stages 4, 5, 6, 11, 12, 13, 14, 24, 25, and 26 by deactivating

their Shown checkboxes.

Figure 2.116

Stage Yisibility [ %]
Tray Section Fepresentation
’7(" Full Expansion v Selected Expansion ‘
—Selected Contrat
Stage Shown| =] Check Al
1_ Main TS v
2 Main TS v Uncheck Al
3 Main TS v
4 Main TS ml
5 Main TS ml
E_ Main TS ml
7 Main TS v
3 Main TS v
9 Main TS v
10__Main TS v =

9. Click the Close icon on the Stage Visibility view to return to the
PFD. The routing of some streams in the PFD can be undesirable.
You can improve the stream routing by completing the next step.

10. From the PFD menu item, select Auto Position All, and UniSim
Design rearranges the PFD in a logical manner.

?

Size icon Enlarge Icon

The next task in customizing the PFD is to enlarge the icon for the main
column:

1. Click on the icon for the main tray section (Main TS).
2. Click the Size icon on the PFD button bar, and a frame with eight
sizing handles appears around the tray section icon.

3. Place the cursor over the handle at the middle right of the icon, and
the cursor changes to a double-ended sizing arrow.

4. With the sizing cursor visible, click and drag to the right. An outline
appears, showing what the new icon size is when you complete the
next step.

5. When the outline indicates a new icon size of about 1.5 to 2 times
the width of the original size, release the button. The tray section
icon is now re-sized.

6. Click the Size icon again to return to Move mode.

The final task is to customize the PFD by moving some of the
streams and operation labels (names) so they do not overlap. To
move a label:
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7. Click on the label you want to move.

8. Right-click and select Move/Size Label.

9. Move the label to its new position by clicking and dragging it, or by
pressing the arrow keys.

You can also move the icon on its own simply by clicking and

dragging it to the new location.

10. When you are finished working with the maximized Column PFD,
click the Restore icon for the PFD (not for the UniSim Design
Application view) in the upper right corner of the view of the PFD.
The PFD returns to its previous size.

11. You can manually resize the view, and expand the PFD to fill the
new size by again clicking the Zoom All icon in the lower left corner

of the PFD view.
For more information on customizing the PFD, refer to Section

7.25 - PFD in the UniSim Design User Guide.

The customized PFD appears below.

Figure 2.117
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i+

Enter Parent Simulation
Environment icon

The PFD shown in the
Figure 2.119 has been
manually rearranged by
moving some of the
stream icons, and by
enlarging the furnace
icon.

12. To view the workbook for the column, click the Workbook icon.

ure 2.118

Workbook - Atmos Tower {COL1} [ _ (O]
Mame Reflux To Condenser Residus Maphtha OffGaz B ottamS bearn
Wapour Fraction 0.0000 1.0000 0.0000 0.0000 1.0000 1.0000
Temperature [F] 1E65.5 297.4 E57.4 1E65.5 165.5 3750
Pressure [psia] 19.70 28.70 3270 19.70 19.70 150.0
olar Flows [MMSCFD] 4.884 2477 8.038 13.54 3.934e-006 3791
M ass Flow [Ib/hr] 7.288e+004 2.875e+005 5.524e+005 2.021e+005 2.940e-002 7a00
Liguid */olumne Flow [barrel/day] 7z 2.807e+004 4.503e+004 2.000e+004 3.089e-003 5146
Heat Flow [Btuthr] -6.323e+007 -2.618e+008 -2.828e+008 -1.754e+008 -34.08 -4, 222e+007
M ame TowerFeed wiasteH 20 K.erozene Kero5S_Draw | KenS5 HRelun | Kero55 Bollp
Wapour Fraction 0.6035 0.0000 0.0000 0.0000 1.0000 1.0000
Termnperature [F] E41.8 166.5 451.6 409.3 4271 451.6
Pressure [psia] B5.00 19.70 29.84 259.84 29.54 29.84
dolar Flow [MMSCED] 34.66 B.348 E.053 7.803 1.743 3.302
b azs Flow [IbAhr] 1.142e+006 1.266e+004 1.408e+005 1.760e+005 3.516e+004 7.267e+004
Liquid */olurne Flow [barrel/day] 1.000e+005 8616 1.300e+004 1.631e+004 3307 E754
Heat Flow [Bhudhr] 5. 7ERe+ 008 -8.438e+007 -9.573:+007 -1.260e+008 -2171e+007 -4.348:+007
Mame Fero55_ToRet DieselSteam Diesel | DieselS5_Draw | DieselS5_Retu ALGOSteann
Wapour Fraction 0.0000 1.0000 0.0000 0.0000 1.0000 1.0000
Termperature [F] 441.3 300.0 478.7 507.4 433.0 300.0
Pressure [psia] 29.84 50.00 30,93 30.93 3093 50.00
Molar Flow [MMSCFD] 9.355 1.517 5.926 7.869 3.460 1.264
Maszs Flaw [Ib/hr] 2.135e+005 3000 1.897e+005 2.390e+005 5.232e+004 25600
Liquid “olume Flow [barrel/day] 1.975e+004 205.8 1.700e+004 2.153e+004 4739 1715
Heat Flow [Bushr] -1.468e+008 -1.697e+007 -1.248e+008 -1.520e+008 -4.418e+007 -1.414e+007
MName AGO AGOSS5_Draw | AGOSS_Returr Pa_1_Draw Pa_1_Return Pa_2 Draw
Wapour Fraction 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
Temperature [F] 566.5 E07.5 596.2 3342 154.0 507.4
Pressure [psia] 3.70 31.70 31.70 28.84 28.84 30.99
Molar Flove [MMSCFD] 1.329 200 1.945 27.93 27.93 10.96
M ass Flow [Ib/hr] 5.730e+004 7.974e+004 2.494e+004 5.262e+005 5.262e+005 3.329e+005
Liguid “olumne Flow [barrel/day] 5001 7003 2180 5.000e+004 5.000e+004 3.000e+004 | |

Material Streams I Compositions I Energy Streams I Unit Ops_|
Fluid Plg | Al vl
Condenzer
[ Show Mame Orily
[ Huorizontal Matrix Mumber of Hidden Objects: o

13. When you are finished working in the Column environment, return
to the Main Flowsheet by clicking the Enter Parent Simulation
Environment icon.

14. Open the PFD for the Main Flowsheet, then select Auto Position
All from the PFD menu item. UniSim Design arranges the Main
Flowsheet PFD in a logical manner according to the layout of the

flowsheet.
Figure 2.119
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2.2.9 Viewing and Analyzing

Results

1. Open the Workbook to access the calculated results for the Main
Flowsheet. The Material Streams tab of the Workbook appears
below.

Figure 2.120

Workbook - Case {Main} H[=] E3
Mame Freheat Crude BottamStean DieselSteam AGOSkeam FreFlashyap FreFlashLiq HotCrude TowerFeed
“apour Fraction 0.0986 1.0000 1.0000 1.0000 1.0000 0.0000 0.5483 0.6035
Temperature [F] 450.0 3760 300.0 300.0 450.0 450.0 E50.0 E41.8
Pressure [psia] 75.00 150.0 50.00 50.00 75.00 75.00 65.00 65.00
tolar Flow S CFD] 34.66 379 1.517 1.264 3.418 31.25 31.25 34.66
Mass Flow [b/] 1.142e+006 7500 3000 2500 4.886e+004 1.093e+005 1.093e+005 1.142e+008
Liquid “olume Flow [barrel/day] 1.000e+005 5146 205.8 171.5 4871 9.513e+004 9.513e+004 1.000e+005
Heat Flow [Btushi] -7.630e+008 -4.222e+007 -1.697e+007 -1.414e+007 -2.991e+007 -7.331e+008 -5.466e+005 -5.765e+008
Marme Offas Maphtha ‘wiasteH20 Residue Kerozene Diezel AGO ELET
Wapour Fraction 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Temperature [F] 165.5 165.5 165.5 B57.4 451.6 4797 568.5
Pressure [psia] 19.70 19.70 19.70 3270 29.84 3053 31.70
Holar Flow [MMSCFD] 3.534e-006 1354 6.348 8.038 6.053 5.926 1.323
Mass Flow [Ib/] 2.940e-002 2.021e+005 1.256e+004 5.524e+005 1.408e+005 1.897e+005 5.730e+004
Liquid “olume Flow [barrel/day] 3.089e-003 2.000e+004 8616 4.503=+004 1.300e+004 1.700e+004 5001
Heat Flow [Btushr] -34.08 -1.754e+008 -8.438e+007 -2.828e+008 -9.5759e+007 -1.248e+008 -3.362e+007

—
Material Streams | P T Flow I Compositions I Energy Streams I Unit Ops |
Fluid Pkg I All vl
lock_Preheat Crude
[ Include Sub-Flawsheets
] Show Name Orly
v Horizontal Matrix MNurnber of Hidden Objects: 1]

Using the Object Navigator

Now that results have been obtained, you can view the calculated

properties of a particular stream or operation. The Object Navigator
allows you to quickly access the property view for any stream or unit
operation at any time during the simulation.

1. Open the Navigator by doing one of the following:
Press F3.
From the Flowsheet menu, select Find Object.
Double-click on any blank space on the UniSim Design Desktop.

Object Navigator icon -

Click the Object Navigator icon.
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You can start or end the
search string with an
asterisk (*), which acts
as a wildcard character.
This lets you find
multiple objects with
one search. For
example, searching for
VLV* will open the
property view for all
objects with VLV at the

beginning of their name.

The Object Navigator view appears:

Figure 2.121

Object Mavigator [ _[Of =] I
Flowsheets————— ~Unit Operation: Filter

L3320 | | Alae Taver Al

Atmos Tower [COLT) Furnace £ Sheams
Mixer .

PreFlash & UritOps

" Logicals

" Custom

Setup Custom
Build Find. |[ Wiew | Concel |

The UnitOps radio button in the Filter group is currently selected, so
only Unit Operations appear in the list of objects. To open a property
view, select the operation in the list and click the View button, or
double-click on the operation. You can change which objects appear by
selecting a different Filter radio button. For example, to list all the
streams and unit operations, select the All radio button.

You can also search for an object by clicking the Find button. When the
Find Object view appears, enter the Object Name and click the OK
button. UniSim Design opens the property view for the object whose
name you entered.

2.2.10 Installing a Boiling Point
Curves Utility

Previously, the boiling point profiles for the product streams was viewed
using the Plots page in the column property view. You can also view
boiling point curves for a product stream using UniSim Design' BP
Curves Utility. To create a Boiling Point Curves utility for the Kerosene
product:

1. Open the Navigator using one of the methods described above.

2. Select the Streams radio button.

3. Scroll down the list of Streams and select Kerosene.

4

Click the View button, and the property view for stream Kerosene
appears.

5. On the Attachments tab, move to the Utilities page of the stream
property view.
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A Utility is a separate
entity from the stream it
is attached to; if you
delete it, the stream is
not affected. Likewise, if
you delete the stream,
the Utility remains but
cannot display any
information until you
attach another stream
using the Select Object
button.

6.

Steady State Simulation

Click the Create button. The Available Utilities view appears,
presenting you with a list of UniSim Design utilities.

Figure 2.122

Available Utilities [ (0]

C02 Solids

Cold Properties

Critical Property
Dynamic Depressuring
Envelope

Hydrate Formation
Fipe Sizing

Property T able

User Property

Add Uty |

10

Find BP Curves and do one of the following:

e Select BP Curves, then click the Add Utility button.

= Double-click on BP Curves.

UniSim Design creates the utility and opens the Boiling Point Curves
view.

On the Design tab, go to the Connections page. Change the name
of the utility from the default Boiling Point Curves-1 to Kerosene
BP Curves.

.Change the curve basis to Liquid Volume by selecting it from the

Basis drop-down list.

Figure 2.123

Boiling Point Curves: Kerozene BP Curves Hi=] E3
Design Hame IKerosene BF Curves
Connections At T Iﬁheam -
Naotes
Stream

L

Kerosene Select Object...

Basis

— 5 -
Deslgnl Performance IDynamlcs |

Delete | ™ lgnored
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11. You can scroll through the matrix of data to see that the TBP

ranges from 267°F to 502°F by going to the Performance tab and
selecting the Results page.

Figure 2.124

Boiling Point Curves: Kerosene BP Curves |_ (O] x|
Performance rResult
Results Cut Paint TBP ASTM DEE | DEE Crack Reduced AST;I
o [%] [F] IF] IF]
CiieedlFips I} P77 36a 3766 -
Cald Props 1.00 291.8 3449 344.9
Plats 2.00 0.2 3566 356.6
3.50 3227 3635 3635
5.00 336.4 3714 371.4
7.50 3430 3744 3744
10.00 3497 ] 3778
1250 3605 3835 3835
15.00 3629 384.4 384.4
17.50 368.0 387.0 387.0
20,00 3724 389.2 3892
25.00 3796 3928 3928
30.00 365.4 3958 395.8
35.00 391.3 3988 398.8
40.00 397.2 4020 4020 -
oN o

—_—
Design Pellmmancel Dynamics |

Delete |

[ lgnored

This boiling range predicted by the utility is slightly wider than the
ideal range calculated during the Oil characterization procedure for
Kerosene, 356°F to 464°F.

Figure 2.125

~Cut Distribution:

Name Be[gl__lT T En[;l] U Fraction

Lt 5t Run 100.3 158.0 0.033

Maphtha 1580 356.0 0172

Kerosene 356.0 464, 0123

Light Diesel 464.0 554.0 | 089
Heawy Diezel 554.0 B44.0 0,035,

Atm Gaz Ol E44.0 B38.0 0.043

Residus B38.0 1441 0.444

Ideal boiling

range calculated

during Oil

Characterization.
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To make the envelope
more readable,
maximize or resize the
view.

12. Select the Plots page on the Parameters tab of the utility property
view to view the data in graphical format.

Figure 2.126

Boiling Point Curves: Kerosene BP Curves [_ O]
Peiformance Dependent Y ariable EP Curves vI
Results

Critical Props T T T T | |

|
Cold Props e e | T ,_-rf"l

D35 (Crack Reduced) i
ool | = s=TMDiEEs o gD
Plots AETIND 160 G i ¢
ool AETI DZEET
T

Temperature (F)

IS

O0OIN M M Tm AW SM W 00 mm s0m  imo

Volume Percent (%)

B
Design Pet[mmancel Dynamics |

Delete | ™ lgnored

13. When you move to the Plots view, the graph legend can overlap the
plotted data. To move the legend, double-click anywhere in the plot
area then click and drag the legend to its new location.

14. When you are finished viewing the Boiling Point Curves, click the
Close icon.

Installing a Second Boiling Point Curves
Utility

Alternative to using the Utilities page of a stream property view, you
can also install a utility using the Available Utilities view. Another BP
Curves utility is installed for stream Residue. This utility is used for the
case study in the next section. To install the utility:

1. Do one of the following:
e press CTRL U.
e from the Tools menu, select Utilities.
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The Available Utilities view appears.
Notice the name of the

utility created .
previously, Kerosene BP Figure 2.127

Curves, appears in the

Available Utilities view. Available Utilities EEE |
FKero: i | Boiling Paint Curves -
CO2 Freeze Out
Cold Properties

Critical Properties

Data Recon Utlity
Depressuning

Dierivative Utiit

Envelope Ltility

Hydrate Farmation Utility
Parametric/LP Utility

Pinch Utility

Pipe Sizing

Property Balance Utility LI

iew Uiiy... | £ld Uiy |

Delete Uity

2. Select Boiling Point Curves and click the Add Utility button. The
Boiling Point Curves view appears, opened to the Design tab.

Figure 2.128

Boiling Point Curves: Boiling Point Curves-1

Design Marne IBoihng Paint Curves-1|

B s Object Type I Stream vl
Mates
Stream Select Object. |

Basiz Liquid Yolume -

— 5 -
Deslgnl Performance IDynamlcs |

Delete | ™ lgnored

3. Change the name from its default Boiling Point Curves-1 to Residue
BP Curves.

4. Change the Basis to Liquid Volume by selecting it in the drop-
down list. The next task is to attach the utility to a material stream.
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Notice that the stream
name Residue now
appears in the Stream
cell.

5. Click the Select Object button, and the Select Process Stream view

appears.
Figure 2.129
Select Process Stieam
Flowsheet Object
Case [tain) |AGO0 0K
Atmos Tower [COL1] | AGO Steam —
Bottom Steam Object Filker——
Cond Duty -
Crude Diuty ; ':”
Diesel treams
Diesel Steam  UnitOps
Ent Crude " Logical
BIDSENE
Naphtha ; ColurmnOps
Off Gas Custam
PreFlashLiq
PreFlashivap CUS&I

Tower e | o]
Trim Dty
WasteH20 Cancel |

6. Select Residue in the Object list, then click the OK button. UniSim
Design calculates the boiling point curves. The completed
Performance tab appears below.

Figure 2.130

Boiling Point Curves: Residue BP Curves [_ O] =]
Performance itz
Results Cut Paint TBP A5TM DE6 | D6 Crack Feduced | AST |
[%] [F] IF] [F]
Cibveollion 0.00 7.2 4138 3 456.3 -
Cold Props 1.00 501.8 506.7 500.6
Plots 200 565.0 549.3 5399
350 E17.1 5879 5742
5.00 B50.2 E13.8 B9E.3
750 E89.1 E455 E223
10.00 720 6715 B426
1250 746.9 6347 B53.7
15.00 7714 716.0 £74.3
17.50 793.4 7355 688.0
20.00 8133 753.4 £9395
25.00 851.7 7883 7205
30.00 890.4 8235 739.8
35.00 929.7 853.4 7576
40.00 969.5 8356 774.0 -
o] il
—_—
Design Performance I Dyramics |
|
Delete | i d

7. Click the Close icon on the Residue BP Curves view, and then on the
Available Utilities view.

2.2.11 Using the Databook

The UniSim Design Databook provides you with a convenient way to
examine your flowsheet in more detail. You can use the Databook to
monitor key variables under a variety of process scenarios, and view
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the results in a tabular or graphical format.

1. To open the Databook, do one of the following:
e press CTRL D.
e from the Tools menu, select Databook.

The Databook appears below.

Figure 2.131

DataBook [_ O]

Ayailable Data Entries
Object Yariable

Insert...

i

tValiahIes Process Data T ables J Strip Charts J Data Recorder J Casze Studies J

Adding Variables to Databook

The first step is to add the key variables to the Databook using the

Variables tab. For this example, the Overflash specification is varied

and examined to investigate its effect on the following variables:

e D1160 Boiling Temperature for 5% volume cut point of stream
Residue

* heat flow of energy stream Trim Duty

e column reflux ratio

Click the Insert button and the Variable Navigator view appears.

Select the UnitOps radio button in the Object Filter group. The

Object list is filtered to show unit operations only.

NP

3. Select Atmos Tower in the Object list, and the Variable list available
for the column appears to the right of the Object list.
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The Variable Navigator
is used extensively in
UniSim Design for
locating and selecting
variables. The Navigator
operates in a left-to-
right manner—the
selected Flowsheet
determines the Object
list, the chosen Object
dictates the Variable list,
and the selected
Variable determines
whether any Variable
Specifics are available.

Steady State Simulation

Flowshest

Case

Atmos Tower [COL1)

—Mavigator Scope———
& Flowsheet

" Case

" Basis

4. Select Reflux Ratio in the Variable list.

Figure 2.132

arabienavgator g |

Object Wariable Variable Specifics ok

W atertH20 4| |Product Stream Emmp;l

mm Product Stream Comp Add

Fumnace Product Stream Camp " "

Miser | Fieboil Fiatio Obiect Filter—

PreFlash :Heflux Hatio & Al

FeederBlock_AGO Stea Spec Cale ¥alue

FeederBlock_Bottom Ste Spec Enor . Stlgams

FeederBlock_Diesel Ste Spec |s Active € UnitDps

FeederBlock_Preheat Ci Spec Yalue " Logicals

ProductBlock_aG0 Stage E fliciency  ColumnOps

ProductBlock_Diesel Stage Heat Flow © Custom

ProductBlock_K.eroseng Stage Lig Comp Ligyt

ProductBlock_Naphtha Stage Lig Comp Mass Custam... |

ProductBlock_0Off Gas Stage Lig Comp Mole

= Utility

Wariable Description:

ProductBlock_Residue
ProductBlack_‘waterH2r >

Stage Lig Ligv'olume |
Stage Lig Mass Frac LI

Chana | in bdrla Frac

IFlelqu Fiatio

LCancel

Click the Add button. The variable appears in the Databook and the
Variable Navigator view remains open.

To add the next variable, select the Streams radio button in the

Object Filter group. The Object list is filtered to show streams

only.

Scroll down and click on Trim Duty in the Object list, and the

Variable list available for energy streams appears to the right of

the Object

list.

Select Heat Flow in the Variable list.

The variable name is duplicated in the Variable Description field. If
you want, you can edit the default description. To edit the default
description:

Click inside the Variable Description field and delete the default

name.

. Type a new description, such as Trim Duty, and click the Add

button. The variable now appears in the Databook.

Yariable Navigator

Flowshest

Atmos Tower [COLT)

~Mavigatar Scope———
@ Flowsheet
" Case
" Basis
Uty

“ariable Description:

Object Wariable

PreFlashyap - I Heat Flow

Preheat Crude Dverall LA

FResidue Fower

Tower Feed Temperature Appraach
User Yariables

waterH20 Litility flawy rate

Atmoz Taower Ltility Fluid Cp

Furnace Ultility Fluid Holdup

Mixer Lltility Inlet Temp

PreFlash Ukility maximunn flows rate

FeederBlock_aG0 Stea
FeederBlock_Bottam Ste
FeederBlock_Diesel Ste
FeederBlock_Preheat Ci
ProductBlock_aAG0

ProductBlock_Diesel
Dradiimlanl K oo

Lltility minirmum flow rate
Utility Qutlet Temp

ariable Specifics

Trim Chuty

Figure 2.133

JH[=] E3
oK
Add

Object Filter——
& Al

" Steams

" UnitDps

" Logicals

= ColumnOps
£~ Custom

Custom... |

Cancel |
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11. To add the third variable, the ASTM D1160 cut point from the
Residue BP Curves utility, select the Utility radio button in the
Navigator Scope group.

12. Select Residue BP Curves in the Object list.
13. Select ASTM D1160 - Vac in the Variable list.

14. Select Cut PT-5.00% in the Variable Specifics column. This
corresponds to the 5% volume cut point.

15. In the Variable Description field, change the variable name to
ASTM 1160 - Vac 5% Residue, and click the Close button.

Figure 2.134

Variable Navigator |_ (O]
Case Object Wariable ‘ariable Specifics oK
F.erozens BP Curves Acentiic Factor a | | Cut Pt-15.00% ﬂ —
Fesidug BP [ Aromatic Molek Cut Pt-17.50% Add
ASTH DB6 Cut Pt-2.00% —
4STM D2887 Cut Pt-20.00% Object Fiter
Cut Pt-25.00% v Al
Cut Pt-3.50%
Cut Pt-30.00% @ (2

" Cold

ASTH D37 Pour Pt

Mavigator Scope Cetane Index " Envelope
 Flowshest Critical Pressure " Hydiate
Critical Temperature
¢ Case D36 Crack Reduced | Cut Pt50.00%
" Basis tasz Dengity Cut Pt-55.00%
& Ultility ale WWeight Cut Pr-B0.00%
Mapthene MoleZ Cut Pt-65.00%

Paraffin Mole? j Cut PE-7.50% j
ok PET (N3

‘ariable Description: ASTH 01160 - Yac 5% Residus Cancel

Paframbiva ladas

16. The completed Variables tab of the Databook appears below.

Figure 2.135

DataBook M=l
Ayailable D ata Entries

Object Yariable

Atmos Tower Fieflux Ratio

Trirn Duty Trim Chuty

Residue BP Curves ASTM 1160 -Vac 5% Residue

tValiables Process Data Tables J Strip Charts J Data Recarder J Case Studies J

Create a Data Table

Now that the key variables to the Databook have been added, the next
task is to create a data table to display those variables:
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Steady State Simulation

NoE

ProcDatal.

Figure 2.136

DataBook

Available Process Data Tables

Click on the Process Data Tables tab.

Click the Add button in the Available Process Data Tables group.
UniSim Design creates a new table with the default name

ProcD atal

View. ..

Delete
Setup

[-[O]
Individual Process Data Selectior
Process Data Table |F'n:|cD atal
Object { Yariable | Show
Almos Tower Reflux R atio -
Trim Dty Trim Chuty r

Residue BP Cure | ASTM 1160 - Vac B% Residu r

Add Al Variables| Invert All Yaniables ‘ Femove Al Yariables

e
‘fariablez  Process Data Tables | Ship Charts J Data Recorder J Casze Studies J

3. Change the default name from ProcDatal to Key Variables by
editing the Process Data Table field.

Notice that the three variables added to the Databook appear in
the matrix on this tab.

4. Activate each variable by clicking on the corresponding Show

checkbox.

Figure 2.137

Individual Process Data Selection

Process Data Table ‘Ke_p WYariables

Object | “Wariabls |__Show
Atmos Tower Reflux R atio =
Trirn Diuty Trirn Duty W
Residue BP Cury | ASTM 1160 -Yac 5% Residu I ¥

Al Al Variables| Invert AllVarisbles | Remave Al Variables |

5. Click the View button to view the new data table, which is shown

below.

Figure 2.138

]

Wiew DataBook

Key ¥anables Data M=
Ohiject { Wariable [ Wale | Lnits |
Aoz Tower Fieflux B atio 0.7720
Trim Ciuty Trim Duty | 3.173e+007 Btushr
Residue BF Cur | ASTM 1160 - Yac 5% FResi 3896 F

d|
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This table is accessed later to demonstrate how its results are
updated whenever a flowsheet change is made.

6. For now, click the Minimize icon in the upper right corner of the
Key Variables Data view. UniSim Design reduces the view to an
icon and place it at the bottom of the Desktop.

Recording Data

Suppose you now want to make changes to the flowsheet, but you
would like to record the current values of the key variables before
making any changes. Instead of manually recording the variables, you
can use the Data Recorder to automatically record them for you.

To record the current values:
1. Click on the Data Recorder tab.

Figure 2.139

DataBook H[= E3

—Awvailable Scenarios—————— ~Data Recaorder Data Selection

pr———————— .
Heoard.,. | Current Scenario I

add | Ohject “Wariable Include
= Atmas Tower Reflux R atia &
Dele | Trim Diuty Trim Diuty
Fesidue BF Cur | ASTM 1160 - Vac 5% Residue
—walable Misplan:
) Tiable
) Graph Yiew |

Wariables I Process D ata Tables I Strip Charts  Data Heculdell Case Studies

When using the Data Recorder, you first create a Scenario
containing one or more of the key variables, then record the
variables in their current state.

2. Click the Add button in the Available Scenarios group, and
UniSim Design creates a new scenario with the default name
Scenario 1. It is required to include all three key variables in this
scenario.

2-99



2-100 Steady State Simulation

3. Activate each variable by clicking on the corresponding Include
checkbox.

Figure 2.140

DataBook H[= E3

—Awvailable Scenarios—————— ~Data Recaorder Data Selection

Seenario 1 Record... | Current Scenario IScenario 1

Object Wariable
Add Atros Tower Reflux R atio

Delete | Trim Dty Trim Dty
Fesidue BF Cur | ASTM 11680 - Vac 5% Residue

=
(e
=
=4
o

<[ <1|<]|

—awaable Mispla:
) Tatle

%) Graph W{EWES |
Wariables I Process Data Tables I Stip Charts ~ Data Heculdell Case Studies

[ New Solved st... 3| 4. Click the Record button to record the variables in their current
Hame for New State state. The New Solved State view appears, prompting you for the
=l name of the new state.
= 5. Change the Name for New State from the default State 1 to 3500
O.F. (denoting 3500 bbl/day Overflash). Click the OK button and
you return to the Databook.
6. In the Available Display group, select the Table radio button.
7. Click the View button and the Data Recorder appears showing the

values of the key variables in their current state.

Figure 2.141

Data Becorder - Main [_[O] =]
State: 3500 0.F.
Reflux Ratio 0.7720
Tiim Duty [Btushr] 3.173e+007
ASTH 1160 - Yac 5% 309.6
—
Scenario 1
Delete | @ Table ¢ Graph Be-Mumber |

Now you can make the necessary flowsheet changes and these
current values remain as a permanent record in the Data Recorder
unless you choose to erase them.

8. Click the Minimize icon to reduce the Data Recorder to an icon.
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Changing the Overflash Specification

The value of the Overflash specification is going to be changed in the
column and the changes is viewed in the process data table:

i | 1. Click the Object Navigator icon on the toolbar.
2. Select the UnitOps radio button in the Filter group.
Object Navigator icon 3. Select Atmos Tower and click the View button. The Atmos

Tower property view appears.

P

Go to the Design tab and select the Monitor page.

o

Scroll down to the bottom of the Specifications table so the
Overflash specification is visible.

A typical range for the Overflash rate is 3-5% of the tower feed. A
slightly wider range is examined: 1.5-7.5%, which translates to
1500-7500 bbl/d.

6. Change the Specified Value for the Overflash specification from
its current value of 3500 barrel/day to 1500 barrel/day. UniSim
Design automatically recalculates the flowsheet.

7. Double-click on the Key Variables Data icon to restore the view to
its full size. The updated key variables are shown below.

Figure 2.142

Key Yarables Data | _ O] x|
Ohiect “Wariahle Walue Uitz
Atmos Tower Fieflux R atio 0.5858
Trirm Chuty Trim Duty | 1.883e+007 Btuhr
Residus BP Cur | ASTM 1160 - Yac 5% Resi FFre F
KIN i
Wiew DataBook. .

As a result of the change:

e the Trim Duty has decreased

e the Residue D1160 Vacuum Temperature 5% cut point has
decreased

* the column reflux ratio has decreased

8. Press CTRL D to make the Databook active again. You can now
record the key variables in their new state.

9. Move to the Data Recorder tab in the Databook.

10. Click the Record button, and UniSim Design provides you with the
default name State 2 for the new state.

11. Change the name to 1500 O.F. and click the OK button to accept
the new name.
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=]

Save icon

This complete dynamic
case has been pre-built
and is located in the file
DynTUT2.usc in your
UniSim Design\Samples
directory.

12. Click the View button and the Data Recorder appears, displaying
the new values of the variables.

Data Recorder - Main

State 2600 0.F. 1800 0.F.
Fieflux Fatio 0.7722 0.5857
Trim Duty [Brushi] 31724007 | 1.883=+007
&5TM 116D - Vac 5% 38358 v

13. Record the process variables for Overflash rates of 5500 and
7500 barrels/day. Enter names for these variable states of 5500
O.F. and 7500 O.F., respectively. The final Data Recorder appears

below.
Figure 2.144
Data Recorder - Main |_ (O] x|
State 3500 0LF. 1500 0O.F. 5500 0.F. #h00 0.F.
Reflux Ratio 0.7722 0.5857 0.9417 1.0939
Trim Duty [Btushr] 3172e+007 | 1.883e+007 | 4.304e+007 | 5.326e+007
ASTH 1160 - Wac 5% 3895 3778 3986 405.7
-—
Scenario 1
Delete | & Table ¢ Graph Be-Mumber | Sefup... |

14. Save your case by doing one of the following:

e press CTRL S.
e from the File menu, select Save.
e click the Save icon.

2.3 Dynamic Simulation

In this tutorial, the dynamic capabilities of UniSim Design are
incorporated into a basic steady state oil refining model. A simple
fractionation facility produces naphtha, kerosene, diesel, atmospheric
gas oil, and atmospheric residue products from a heavy crude feed. In
the steady state refining tutorial, preheated crude was fed into a pre-
flash drum which separated the liquid crude from the vapour. The liquid
crude was heated in a furnace and recombined with the vapour. The
combined stream was then fed to the atmospheric crude column for
fractionation. The dynamic refining tutorial only considers the crude
column. That is, the crude preheat train is deleted from the flowsheet
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and only the crude column in the steady state refining tutorial is
converted to dynamics.

Figure 2.145
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The main purpose of this tutorial is to provide you with adequate
knowledge in converting an existing steady state column to a dynamics
column. The tutorial provides a single way of preparing a steady state
case for dynamics mode, however, you can also choose to use the
Dynamic Assistant to set pressure specifications, size the equipment in
the plant, and/or add additional equipment to the simulation flowsheet.

This tutorial comprehensively guides you through the steps required to
add dynamic functionality to a steady state oil refinery simulation. To
help navigate these detailed procedures, the following milestones have
been established for this tutorial.

1. Obtain a simplified steady state model to be converted to dynamics.

2. Implement a tray sizing utility for sizing the column and the side
stripper tray sections.

In this tutorial, you 3. Install and define the appropriate controllers.
follow this basic
procedure in building the

dynamic model. 5. Set up the Databook. Make changes to key variables in the process
and observe the dynamic behaviour of the model.

2.3.1 Simplifying the Steady State
Flowsheet

In this section, you will delete the preflash train in the steady state
simulation case R-1.usc:

Add the appropriate pressure-flow specifications.
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In this tutorial, you are
working with Sl units.
The units are changed
by entering the
Preferences property
view in the Tools menu
bar. In the Units tab,
specify Sl in the Current
Unit Set group.

1. Open the pre-built case file R-1.usc. The crude column simulation
file R-1.usc is located in your UniSim Design\Samples directory.

2. Press F4 to make the Object Palette visible.

For the purpose of this example, the Session Preferences are set so

that the Dynamic Assistant will not manipulate the dynamic

specifications.

3. From the Tools menu, select Preferences. The Session Preference

view appears.

4. On the Simulation tab, select the Dynamics page.
5. Deactivate the Set dynamic stream specifications in the

background checkbox.

Figure 2.146

Asziztant

I Set dynamic stream specifications in the background

¥ Perform checks when switching to dpnamics or starting the integrator,

6. Click the Variables tab, then select the Units page.
7. In the Available Unit Sets group, select SlI.
8.

Click the Close icon to close the Session Preferences view. Close
all other views except for the PFD view.

9. Add a material stream to the PFD by doing one of the following:

e From the Flowsheet menu, select Add Stream.

« Double-click the Material Stream icon on the Object Palette.
10. In the Stream Name cell, type Store. This stream will be used to

store information from the Atm Feed stream.

Figure 2.147

Store 1=l E3
Worksheet Stream Name Share
Conditi “Yapour / Phage Fraction CEmply:
CREIHOES Temperature [C] <emply>
Properties Pressure [kPa] <emplys
. Malar Flaws [kgmale/h] <emply
L it
el taszs Flow [kg/h] <emply
K Walue Std Ideal Liq Wal Flow [m3/h] <emply>
ser Variables Maolar Enthalpy [k Akgmale] <EMmpty:
e tolar Entropy [kJ/kamale-C] CEMmplYs
oles Heat Flow [kJ/h] CEMmply:
Cost Parameters Lig %al Flow ®&S5td Cond [m3/h] <emply>
Fluid Package Basis-1
_
Worksheet I Attachments I Dynamics |
[ Unknown Compasitions
Delete | e DETNE oM Dither Sheam Ly
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11. In the Store stream property view, click the Define from Other
Stream button. The Spec Stream As view appears.

12. Select Atm Feed in the Source stream group.

Figure 2.148

_ioix]
—dvwvailable Stream Chazen Stream Condition
AGD ﬂ “ap Phase Fraction 0.60531
AGO Steam ; Temperature 623.56
Etm FFEd : Pressure 65.000
iesel
! - Maolar Flow E231.1
Ll | | oceFen 1.20502-008
~Copy Stream Condition Std Ideal Lig Yal Flow 1.000=+005
olar Enthalpy -1.201e+005
[™ Wapour Fraction [~ Walar Enthalpy Molar Ertropy 161.81
¥ Temperature [~ Walar Entiony
A
I Feserme Wethans 0.000258 j
- ) Ethane 000624
[¥ Camposition [¥ Carelations Fropane 0.008615
Butane 0.0054339
¥ Flow [v Cost Parameters s 01920
FlowBasis————————— Hz 0.000000
& Molar P[O}49* 0.036381
] 0.043586
o s PIOfT1T* 0.042716
" Liquid Yalume 01 44* 047615
PION 76" 0.043877 | =
LCancel | OK

13. Click on the OK button to copy the Atm Feed stream information to
the Store stream.

Figure 2.149

Worksheet Stream Mame Stare
- Wapour / Phase Fraction 0.6334
Conditions Temperature [C] 3286
Properties Prezzure [kPa] 448 2
P tolar Flaw [kamole/h] 2826
Ci I
HResen Mass Flow [karh] 5 5382+005
K Walue 5td Ideal Liq Vol Flaw [mash] 635.2
User Yariables Malar Enthalpy [k /kgmals] -2.637e+005
N Malar Entropy [k /kgmale-C] B53.1
iz Heat Flawe [kJ7h] 7 452+008
Cost Parameters Lig Val Flow @5Std Cond [m3/h] E35.1
Fluid Fackage B asiz-1
o] ]

Delete |

— -
Wolksheell Attachments I Dynamics |

Define from Other Stream...

| « =»

14. Close the Store stream view.
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When you delete a
stream, unit or logical
operation from the
flowsheet, UniSim
Design asks you to
confirm the deletion. If
you want to delete the
object, click the Yes
button. If not, click the
No button.

For more information on
Session Preferences
please refer to Section
12.5 - Files Tab in the
UniSim Design User
Guide.

15. Delete all material streams and unit operations upstream of the Atm
Feed stream. The following eight items should be deleted:

Items to be deleted

Material Streams | Energy Streams Unit Operations
Hot Crude Crude Duty PreFlash Separator
PreFIsh Liq Crude Heater
PreFIsh Vap Mixer

Raw Crude

After you delete the above items, stream Atm Feed is not fully
specified.
16. Double-click the Atm Feed stream icon to open its property view.

17.Click the Define from Other Stream button. The Spec Stream As
property view appears.

18. Select Store in the Source Stream group and click OK.

Figure 2.150

Atm Feed =1 E3
Worksheet Stream Mame At Feed
- Wapour / Phase Fraction 0.6334
Conditions Temperature [C] 3286
Properties Prezzure [kPa] 448 2
P tolar Flaw [kamole/h] 2826
Ci I
HResen Mass Flow [karh] 5 5382+005
K Walue 5td Ideal Liq Vol Flaw [mash] 635.2
User Yariables Malar Enthalpy [k /kgmals] -2.637e+005
Malar Entropy [k /kgmale-C] B53.1
Notes Heat Flawe [kJ7h] 7 452+008
Cost Parameters Lig Val Flow @5Std Cond [m3/h] E35.1
Fluid Fackage B asiz-1
o] ]

—
Wolksheell Attachments I Dynamics |

S —

Delete | o il fran O Sheal ] 4

19. Close the Atm Feed stream view, then delete the stream Store.

This steady state case now contains the crude column without the
preflash train. Since the identical stream information was copied to
stream Atm Feed, the crude column operates the same as before
the deletion of the preflash train.

20. Save the case as DynTUT2-1.usc.

Make sure that the Standard Windows file picker radio button is
selected on the File page in the Session Preferences view.
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2.3.2 Adding Equipment & Sizing
Columns

In preparation for dynamic operation, the column and side stripper tray
sections and surrounding equipment must be sized. In the steady state
scenario, column pressure drop is user specified. In dynamics, it is
calculated using dynamic hydraulic calculations. Complications arise in
the transition from steady state to dynamics if the steady state
pressure profile across the column is very different from that calculated
by the Dynamic Pressure-Flow solver.

The Cooler operations in the pump arounds are not specified with the
Pressure Flow or Delta P option, however, each cooler must be specified
with a volume in order to run properly in dynamic mode.

Column Tray Sizing

1. Open the Utilities property view by pressing CTRL U.
The Available Utilities view appears.

2. Scroll down the list of available utilities until the Tray Sizing utility is

visible.
Figure 2.151
Available Utilities o ] 3

Critical Properties -
Diata Recan Uity J
Depreszuring - Dynamics
Depressuring - Original
Derivative Litiity
Envelope Ukility
Hydrate Farmation Utility
Parametric Utility
Pipe Sizing
Property Balance Utility
| Property Table
a
Uzer F'mp_art_u d

iew Uity | Add Utity |

Delete Uity
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3. Select Tray Sizing, then click the Add Utility button. The Tray Sizing
view appears.

Figure 2.152

Tray Sizing: Tray Sizing-1

Design

Name

Setup
Specs
Trap Internals

Motes

Tray Sizing-1

Tray Section

Select TS...

~Setup Section;

Section Name

Start

End

Intermals

Mode

Active

Status

Deszign Limit

Limiting Stage

Add|Section... | Capy Section |

Sute Section... | Bemove Section |

% Liquid Draw IU-UU % Use Tray Vapour to Size I fgk Each Time |+

Design | Peformance | Dynamics

Dete | S ™ o

4.

In the Name field, change the name to Main TS.

5. Click the Select TS button. The Select Tray Section view appears.

Figure 2.153

Select Tray Section

Flowshest

Object

Case
T-100

[k ain)
[COL1)

I
Object Filker——
Al
" Streams
i UnitDps
" Logicals
" ColumnOps
« Custom

Custarn... |
Disconmest: |

6.

7.

In the Flowsheet list, select T-100, then select Main TS in the

Object list. Click the OK button.
In the Use Tray Vapour to Size drop-down list, select Always Yes.
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The Valve tray type is
selected as the default
option. This option is
entered into the Main
TS property view.

8. Click the Auto Section button. The Auto Section Information view
appears. The default tray internal types appear with the Valve type

selected.
Figure 2.154
Auto Section Information
Internal Type

" Sieve & Walve (" Bubble Cap ¢ Packed

Ayrea Tolerance
‘when the ratio between the curent calc'd area
and either of min/max previous areas for the

06000 section exceeds this tolerance, a new diameter

sechion is started
Higher more sechions; lower fewer sections.

MFP Diam Factor
“when a new number of flow paths will result in a

diameter diff >= diam fact * old diameter, a new
0.1500 NFP section is started

Mot required for packed columns.

Lower more sections; higher fewer sections

LCancel

N

9. Keep the default values and click Next. The next view displays the
specific dimensions of the valve-type trays.

10. Keep the default values and click the Complete AutoSection
button.

Figure 2.155

Tray Section Information
Internals
" Sieve v alve " Bubble " Packed
Walve Tray
Orifice Type Straight
Design kanual Glitsch
Walve Mat'l Dengity 8220 ka/m3
Walve Matl Thickness 1.524 mm
Hole Area [% of A4 15.30%
Common Tray Properties
Tray Spacing B09.6 mm
Tray Thickness 3175 mm
Tray Foaming Factor 1.000
b aw Trap dP [kt of liquid] 152 4 mm
fax Tray Flooding 85.00 %
DCAweir Info
el Height A0 80 mm
 ax "weir Loading 89.42 m3/hem
Downcomer Type Wertical
D owncomer Clearance 38.10 mm
Maximurn DC Backup 50.00 2
Delete | Complete AutoS ection |

UniSim Design calculates the Main TS tray sizing parameters based
on the steady state flow conditions of the column and the desired
tray types.

Two tray section sizes, Section_1 and Section_2, appear in the
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Setup page of the Design tab. Section_1 includes trays 1 to 27;
Section_2 includes trays 28 and 29. Since there are different
volumetric flow conditions at each of these sections, two different
tray section types are necessary.

Figure 2.156

~Setup Section:

Section Mame Section_1 Section_2
Start 1__Main TS 28_ Main TS
End 27 _Main TS 29 Main TS
Internals Valve Walve
tode Desigh Design
Active r r
Status Complete Complete
Design Limit DC Backup ‘Weir Loading
Limiting Stage 1__ManT5 28 Main TS

11.Click the Design tab, then select the Specs page.

12. In the Number of Flow Paths cell, enter 3 for both Section_1 and
Section_2.

13. Click the Performance tab, then select the Results page to see
the dimensions and configuration of the trays for Section_1 and
Section_2. Since Section_1 is sized as having the largest tray
diameter, its tray section parameters should be recorded.

14. Confirm the following tray section parameters for Section_1.

Variable ‘ Value

Section Diameter 5.639 m
Weir Height 0.0508 m
Tray Spacing 0.6096 m
Total Weir Length 13.31'm

The number of flow paths for the vapour is 3. The Actual Weir length
is therefore the Total Weir Length recorded/3.

15. Calculate the Actual Weir length:

Variable ‘ Value

Actual Weir Length (Total Weir Length/3) 444 m

16. Confirm the Maximum Pressure Drop/Tray and check the number of
trays in the Main TS column. The Total Section Pressure drop is
calculated by multiplying the number of trays by the Maximum
Pressure Drop/Tray.

Variable ‘ Value

Maximum Pressure Drop/Tray 0.86 kPa
Number of Trays 29
Total Section DeltaP 24.94 kPa
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Be aware that the
default units for each
tray section parameter
may not be consistent
with the units provided
in the tray sizing utility.
You can select the units
you want from the
drop-down list that
appears beside each
input cell.

&

Column Runner icon

17.Close the Tray Sizing: Main TS and Available Utilities views.

18. Double-click on the Column T-100 icon in the PFD, then click the
Column Environment button to enter the Column subflowsheet.
19. On the column PFD, double-click the Main TS Column icon to enter
the Main TS property view.
20. Click the Rating tab, then select the Sizing page.
21. Enter the previous calculated values into the following tray section
parameters:
e Diameter 5.639m
e Tray Spacing 0.6096m
e Weir Height 0.0508m
e Weir Length (Actual Weir Length) 4.44m
22.1n the Internal Type group, select the Valve radio button.

Figure 2.157

Main TS 1=l B3
Rating i~ Tray Dimensian Section Propertie:
i Tray Space [m] 0.6036 % Urifarm Tray Data
Sizing Tray Yol [m3] 15.22 " Mon Uniform Tray Data
Heat Loss Diameter [m] 5.633
b uick Size
Efficiencies Internal Type Walve Q4|
Preszzure Drop ‘Wieir Height [mm] A0.80
‘wieir Length [m] 4.440
DC Yolume [m3] 8.836e-002
Active Area [m2] <emphy>
Flow Paths 1
‘weeping Factor 1.000
Internal Typ:
~ Sieve  Bubble Cap ¢ Chimney ¢ Sump ~ Packed |
T Design  Rating I Worksheet I Perfarmatice I Dyriamics |
peite | | [ [crcred

23.Close the Main TS property view.

24. Access the Column property view by clicking the Column Runner
icon in the tool bar.
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@]

Run Column Solver icon

25. Click the Parameters tab, then select the Profiles page. Observe
the steady state pressure profile across the column.

Figure 2.158

—Steady State Profile: -
Flow Basi:
Optional Estimates ’7 * Molar  Mass  WYolume
S Pressure Temp Met Liquid | Metapour ;I
[kPa] [E] [kg_]_mnla.fh LE_Lk mole/h _I Pressure ws. Ty Position from Top
Condenger i 1358 377e 2436 | 1.239e-00
1_Main TS 1 15979 124141 2B64 1234 e |
2_MainTS 2 1989 167.9 1545 2264 5 ﬁ
3_Main TS 3 1938 a7 1572 2536 Lo
4_ Main TS 4 200.8 1861 1555 2563 jill
5 Main TS & 20.8 130.6 1521 2545 ]
6 Main TS B 2028 1945 1473 2511 :
7__Main TS 7 2038 1987 1408 2464
8 Main TS g 204.8 2037 1325 2400
9 Main TS g 2058 2096 a3 2228
10__Main TS 10 206.7 217.8 7E0.1 24
11_Main TS i 2077 224.4 711.4 2052
12__Main TS 12 208.7 2235 E72.8 2004
13_Main TS 13 2037 2335 6343 1965 7|
UpgalefromSolull 1 Clear Tray | Clear &ll Trays | Lock | Unlack. | Stream E stimates. .. |

26. Record the
theoretical

top stage pressure (1_Main TS). Calculate the
bottom stage pressure as follows:

Bottom Stage Pressure = Top Stage Pressure + Total

Section Pressure Drop

Variable ‘ Value

Top Stage Pressure 197.9 kPa
Total Section Pressure Drop 24.94 kPa
Bottom Stage Pressure 222.84 kPa

(2.1)

27.1n the Pressure column of the Profiles group, specify a bottom
stage pressure (29_Main TS) of 222.84 kPa.

28. Converge the Column sub-flowsheet by clicking the Run Column
Solver icon in the tool bar.

29. Close the Column property view.

Side Stripper Tray Sizing

In this section, you will size the following side stripper operations using
the tray sizing utility as described in the Column Tray Sizing section.

e Kero_SS
e Diesel_SS
 AGO_SS

1. From the Tools menu, select Utilities. The Utilities property view

appears.

2. Double-click on the Tray Sizing utility. The Tray Sizing view appears.

3. In the Name field, change the name to Kero_SS TS.
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4. Click the Select TS button. The Select Tray Section view appears.

5. From the Flowsheet list, select T-100, then select Kero_SS from
the Object list. Click the OK button.

6. Click the Auto Section button. The Auto Section Information view
appears.

7. Select the Valve radio button and click the Next button.

8. Click the Complete AutoSection button to calculate the Kero_SS
TS tray sizing parameters.

9. Record the following tray section parameters available on the
Performance tab in the Results page:

Variable ‘ Kero_SS

Section Diameter 1.676 m
Weir Height 0.0508 m
Tray Spacing 0.6096 m
Total Weir Length 1.362 m
Number of Flow Paths 1

Actual Weir Length (calc) | 1.362 m

10. Close the Kero_SS TS tray sizing utility.

11. Repeat steps #2-#8 to size the Diesel_SS and AGO_SS side
strippers.

12. Click the Performance tab, select the Results page, then confirm
that the following tray section parameters match the table below:

Variable ‘ Diesel_SS ‘ AGO_SS 1 ‘ AGO_SS 2

Section Diameter 1.676 m 1.067 m 0.6096 m
Weir Height 0.0508 m 0.0508 m 0.0508 m
Tray Spacing 0.6096 m 0.6096 m 0.6096 m
Total Weir Length 3.029 m 0.7038 m 0.5542 m
Number of Flow Paths 2 1 1

Actual Weir Length (calc) 1.515m 0.7038 m 0.5542 m

The pressure drop rating information found in the side stripper tray
sizing utilities is not used to specify the pressure profile of the Side
Stripper unit operations. Since there are only three trays in each
side stripper, the pressure drop across the respective tray sections
is small. Keeping the pressure profile across the side strippers
constant does not greatly impact the transition from steady state
mode to dynamics.

13. Close the Available Utilities view.

You should still be in the Column sub-flowsheet environment. If not,
double-click the Column T-100 and then click the Column
Environment button on the bottom of the Column property view.
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=

Run Column Solver icon

14. In the PFD, double-click the Kero_SS side stripper icon to open its
property view.

15. Click the Rating tab, then select the Sizing page.

16. Specify the following tray section parameters that were calculated in
the previous table:
e Section Diameter
< Tray Spacing
< Weir Height
= Actual Weir Length

Figure 2.159

~Tray Dimensian
Tray Space [m] 0.6096
Tray Yol [m3] 1.345

Diameter [m 1E7E
Internal Type Sieve

"w'eir Height [mm] 50.80
“weir Length [m] 1.362
DC Yolume [m3] .836e-002

Active Area [m2] <emply>
Flow Paths 1
‘Weeping Factor 1.000

17. Close the Kero_SS property view.

18. Double-click the Diesel_SS icon, then specify the tray rating
information using the table on the previous page. Close the property
view when you are done.

19. Repeat the same procedure to specify the tray rating information for
AGO_SS.

20. After the column has been specified with the tray rating information,
converge the column by clicking the Run Column Solver icon in
the toolbar.

21. Save the case as DynTUT2-2.usc.

Vessel Sizing

The Condenser and Kero_SS_Reb operations require proper sizing
before they can operate effectively in dynamic mode. The volumes of
these vessel operations are determined based on a 10 minute liquid
residence time.

1. Double-click the Condenser icon on the PFD to open its property
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view.
2. Click the Worksheet tab, then select the Conditions page.

Figure 2.160

Condenser H[=1 E3
wWorksheet Narne To Condenser 0ff Gas Maphtha | a
- Y apaur 1.0000 1.0000 00000 | |
Conditions e 1354 4269 4269
Properties Pressure [kPa] 197.9 137.9 137.9
P tolar Flow [kgmale/h] 2506 5.406 1255
B Mass Flaw [kg/h] 2 0026+005 2871 | 1.115e=005
PF Specs 5td Ideal Lig /ol Flow [m37h] 271.4 04842 152.4
Holar Enthalpy [k Agmole] -1.589e+005 -1.220e+005 -1.341e+005
alar Entropy [kd /kgmale-C] 2415 196.9 1222
Heat Flow [k /h] -3.953e+008 -6.593e+005 -2.436e+008
Name Feflu wiaste \Water Atmos Cond
W apour 0.0000 0.0000 <emphy>
Temperature [C] 4369 4369 <emphyy
Prezsure [kPa] 137.9 137.9 <Emplyy
tdolar Flow [kgmaole/h] 9330 317.8 <Emplyy
I azs Flow [kg/h] 8.293e+004 57EE <emphy>
Std Ideal Lig Yol Flaw [m3/h] 1133 5.796 <empy>
alar Enthalpy [l Agmale] -1.941e+005 -2.83Be+005 <emphy>
talar Entropy [kJ /kgmale-C] 1222 58.03 <emphy>
Heat Flow [k /1 -1.811e+008 -9.020e+007 T 1ETe+008 | 7]
Diesign | Rating Worksheet I Perfarmance I Dyriamics |
N, I |griored

3. On the Conditions page, confirm the following Liquid Volumetric
Flow (Std Ideal Lig Vol Flow) of the following streams:

Liquid Volumetric Flow Rate (m3/h) ‘ Value

Reflux 106.7
Naphtha 152.4
Waste Water 5.736
To Condenser 264.8

4. Calculate the vessel volume as follows, assuming a 50% liquid level
residence volume and a 10 min. residence time:

Total Liquid Exit Flow x Residence Time (2.2)
05

Vessel Volume =

The vessel volume calculated for the Condenser is 88.3 m?.

5. Click the Dynamics tab, then select the Specs page.
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6. In the Model Details group, specify the vessel Volume as 88.3 m?®
and the Level Calculator as a Vertical Cylinder.

Figure 2.161

Model Detail

i Dy Startup

& Initialize From Products  [Volume [m3]

" Initialize From User

it Hildlp | [Level Calculatar

88.30
Diameter [m] 4216
Height [m] E.324
Liq Wolume Percent [%] 5000

“ertical cylinder

| e levels and nozeles

| Fraction Calculator

® N

property view.

9. Click the Worksheet tab, then select the Conditions page.

Figure 2.162

Close the Condenser property view.
In the PFD, double-click the Kero_SS_Reb icon to open its

Kero_55_Reb JH[=] E3
Worksheet MHame Femo_55_ToRe Ferosene | Kero_55_Boill | K
- apour 0.0000 0.0000 1.0000
Conditions ETEEree] 2237 2355 255
Properties Pressure [kPa] 204.6 204.6 204.6
e Malar Flaw [ligmalesh] 496.8 3275 169.3
Ci I
SR Wass Flow [ka/h] 7 606es008 | E1E5e+004 | 252Tas008
PF Specs Std Ideal Lig ¥al Flow [m37h] 91.94 E1.61 3033
Molar Enthalpy [kJ/kamale] -2 67 e+005 -2 B97e+005 -2.151e+005
Molar Entropy [kJ/kgmale-C] 33449 347.3 403.3
Heat Flow [kJ/h] -1.327e+008 -8.834e+007 -3.642e+007
KI 2
m Worksheet | Peiformance | Dpnamics |
N [ (oo

10. In the Conditions page, confirm that the Liquid Volumetric Flow

(Std Ideal Liqg Vol Flow) for Kerosene is 61.61 m3/h.

Assume a 10 minute of residence time and a 50% liquid level
residence volume. The vessel volume calculated for the
Kero_SS Reb is 20.5 md.

11. Click the Dynamics tab, then select the Specs page.
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12. In the Volume cell, enter 20.5 m?3. In the Level Calculator cell,
select Horizontal Cylinder from the drop-down list.

Figure 2.163

Model Detail

= Initialize From Products  [Walume [m3] 20.50
Dy Startup Diameter [m] 2.591

B Height [m] 3.807
" Iniialize From User Liq Yolume Percent [%] 50.00

[t HoldUs,. | |Level Calculator [ vettical cylinder |
- | Fraction Calculator | & levels and nozzles |

13. Close the Kero_SS_Reb property view.

Cooler Volume Sizing

UniSim Design assigns a default volume to each Cooler unit operation

in the Column sub-flowsheet. In this section you will modify each pump

around cooler to initialize with a default vessel volume.

1. Double-click the PA_1 Cooler operation in the PFD to open the
property view.

2. Click the Dynamics tab, then select the Specs page.

3. In the Model Details group, click in the Volume cell, then press
DELETE. The default volume of 0.10 m?® appears.

4. In the Dynamic Specifications group, ensure that all the

specification checkboxes are inactive. No dynamic specifications
should be set for the pump around coolers.

Figure 2.164

Diwnamic 5 pecification:

Overall Delta P [kPa] | D.DUDD' — |
Overall k [lgszqrt(kPakg/m3]] | <empty>| Inl |

Lalculate k | Spec Zones... |

5. Close the PA_1 Cooler view.

6. Repeat this process for the PA_2 Cooler and the PA_3_Cooler
operations.

7. Save the case as DynTUT2-3.usc.

2.3.3 Adding Controller
Operations

Controller operations can be added before or after the transition to
dynamic mode. Key control loops are identified and controlled using
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PID Controller logical operations. Although these controllers are not
required to run the design in dynamic mode, they increase the realism
of the model and provide more stability.

Adding a Level Controller

In this section you will add level controllers to the simulation flowsheet
to control the levels of the condenser and reboiler.

First you will install the Condenser controller.

1. If the Object Palette is not visible, press F4.

2. In the Object Palette, click the PID Controller icon.
PID Controller icon 3. In the PFD, click near the Condenser operation. The controller icon,
For more information named IC-100, appears in the PFD.

regarding PID
Controller, see Section
12.4.4 - PID
Controller of the
UniSim Design
Operations Guide. 6. In the Process Variable Source group, click the Select PV button,
then select the information as shown in the figure below. Click the

OK button when you are done.

Figure 2.165

P

Double-click the 1C-100 icon to open the controller property view.

o

On the Connections tab, click in the Name field and change the
name of the Controller to Cond LC.

o]
Flowshest Object Warizble “ariable Specifics ok
Case [Main] |AGO_S5 Boat height -
T-100 [COLT) | Condenzer Condenser Overall L,
Diesel 55 Degree of Subcool "
Keo_55 Distillate: Mass Flow Ohiect Filte
Fem_55_Feb Distillate: Molar Flow Al
bain TS Distillate Yolume Flow
PA_1_Coaler Diuty o Stn.aams
- F&_2 Cooler Heavy Liquid kass FI & U”'t_DpS
~Mavigator Scope——— | P&_3 Cooler Heavy Liquid Molar FI ¢ Logicals
 Fownue roaylaxy v €. cmos
s Casg Level Tap - Liquid " Custom
" Basis Liq*olume Percent Cugtom... |
Uity L :
| Discannect
“Wariable Description: Liquid Percent Level Cancel

2-118



Refining Tutorial 2-119

7. In the Output Target Object group, click the Select OP button, then
select the information as shown in the figure below. Click the OK
button when you are finished.

Figure 2.166

Select OP Object For, Cond LC
Flawsheet Object oK

Case Main Atmoz Cond ~
Kera 55_Energy
[
Nzr;ﬁ&r;e Obiject Filker
Off Gas o Al
Eﬁ—:‘l—g'aw £ Streams
PA_Z Ciam £ UnitOps

Mavigator Scope Pa 2 | " Logicals

@& Flowshest Eﬁ—%—["aw  ColmnOps

¢ Case i " Custom

" Basiz Custom...

" Ultility W aste water Q
AGO FC
AT - _ Dissorect_|

“ariable Description: |C0ntr0| “Walve [contral flowe] Lancel

8. Click the Parameters tab, then select the Configuration page.
9. Supply the following for the Configuration page:

In this cell... ‘ Enter...

Action Direct

Kc 4

Ti 5 minutes
PV Minimum 0%

PV Maximum 100%

10. Click the Control Valve button. The FCV for Reflux view appears.

11. In the Max Flow cell of the Valve Sizing group, enter 2000 kgmole/
h.

“alve Sizing

Flaw Type talarFlow
Min Flow 0.0000 karnale/b
Max Flow 2000 kgrnale/h

12.Close the FCV for Reflux view.

For more information 13.Click the Face Plate button. The face plate for Cond LC appears.
regarding Face Plates,

see Section 12.13 -

Controller Face Plate Figure 2.168
in the UniSim Design
Operations Guide.
Exec:lnt  Sp: L
P 50,000
OF: <empty>
| F
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Cond LC =]
Exec:lnt  Sp: L

Pt: 50.000

OF: <empty>

[LET 'l Tuning I
= Of
Man
At
Indicatar

If you cannot locate a
stream or operation in
the Select Input for PV
view, select the All
radio button in the
Object Filter group and
look again.

14. Change the controller mode to Auto on the face plate by opening
the drop-down list and selecting Auto.

15. Double-click the PV cell, then input the set point at 50%.

Figure 2.169

Cond LC x|

Execilnt  Sp L

& Fa—

|or; ooo

IAutD 'I Tuning

16. Close the Cond LC property view, but leave the face plate view
open.

17.Repeat the procedures you just learned to add a PID Controller
operation which serves as the Kero_SS_Reb level controller. Specify
the following:

Tab [Page] ‘ In this cell... ‘ Enter...
Connections Name Reb LC
Process Variable Source | Kero_SS_Reb, Liq Percent
Level
Output Target Object Kero_SS_Draw
Parameters Action Reverse
[Configuration] K 1
Ti 5 minutes
PV Minimum 0%
PV Maximum 100%

18. Click the Control Valve button. The FCV for Kero_SS_ Draw view
appears.

19. In the Valve Sizing group, enter the following

In this cell... ‘ Enter...

Flow Type MolarFlow
Minimum Flow 0 kgmole/h
Maximum Flow 1000 kgmole/h

20. Close the FCV for Kero_SS Draw view.

21. Click the Face Plate button. Change the controller mode to Auto on
the face plate, then input a set point of 50%. Leave the face plate
view open.

22.Close the Reb LC property view.

Adding a Flow Controller

In this section you will add flow controllers to the product streams of
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the column. These controllers ensure that sufficient material is leaving

the column.

1. Click the PID Controller icon in the Object Palette, then click in the
PFD near the Off Gas stream. The controller icon appears.

2. Double-click the controller icon to access the property view. Specify
the following details:

Tab [Page] ‘ In this cell... ‘ Enter...
Connections Name Off Gas FC

Process Variable Source Off Gas, Molar Flow

Output Target Object Atmos Cond
Parameters Action Direct
[Configuration]3 Kc 0.01

Ti 5 minutes

PV Minimum 0 kgmole/h

PV Maximum 100 kgmole/h

3. Click the Control Valve button. The FCV for Atmos Cond view
appears.

4. In the Duty Source group, ensure that the Direct Q radio button is
selected.

5. In the Direct Q group, enter the following details:

In this cell... ‘ Enter...

Minimum Available 0 kJ/h
Maximum Available 2 x 108 kJ/h

6. Close the FCV for Atmos Cond view.

7. Click the Face Plate button. The Off Gas FC face plate view
appears. Change the controller mode to Auto, then input a set point
of 5 kgmole/h.

8. Close the Off Gas FC property view, but leave the face plate view
open.

9. In the Object Palette, click the PID Controller icon, then click in
the PFD near the Diesel stream. The controller icon appears in the
PFD.

10. Double-click the controller icon to access the property view. then
specify the following details:

Tab [Page] In this cell...
Connections Name Diesel FC
Process Variable Source | Diesel, Liq Vol Flow@Std
Cond
Output Target Object Diesel_SS_Draw
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Tab [Page] ‘ In this cell...

Parameters Action Reverse

[Configuration] K 1
Ti 5 minutes
PV Minimum 0 m3/h
PV Maximum 250 m3/h

11.Click the Control Valve button. The FCV for Diesel_SS_Draw view
appears.

12.In the Valve Sizing group, enter the following details:

In this cell... ‘ Enter...

Flow Type MolarFlow
Minimum Flow 0 kgmole/h
Maximum Flow 1200 kgmole/h

13. Close the FCV for Diesel_SS_Draw view.

14.Click the Face Plate button. The Diesel FC face plate view appears.
Change the controller mode to Auto and input a set point of 127.5
m3/h.

15. Close the property view, but leave the face plate view open.

16. Click the PID Controller icon in the Object Palette, then click near
the AGO stream on the PFD. The controller icon appears.

17. Double-click the controller icon, then specify the following details:

Tab [Page] ‘ In this cell... ‘ Enter...
Connections Name AGO FC

Process Variable Source | AGO, Liq Vol Flow@Std

Cond

Output Target Object AGO_SS Draw
Parameters Action Reverse
[Configuration] Ke 0.7

Ti 3 minutes

PV Minimum 0 m3/h

PV Maximum 60 m3/h

18. Click the Control Valve button. The FCV for AGO_SS Draw view
appears.

19. In the Valve Sizing group, enter the following details:

In this cell... ‘ Enter...
Flow Type MolarFlow
Minimum Flow 0 kgmole/h
Maximum Flow 250 kgmole/h

20. Close the FCV for AGO_SS_ Draw view.
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For more information
regarding Pressure Flow
specifications in Column
unit operations see
Chapter 8 - Column in
UniSim Design
Operations Guide.

21. Click the Face Plate button. The AGO FC face plate view appears.
Change the controller mode to Auto and input a set point of 29.8
m3/h.

22.Close the property view, but leave the face plate view open.
23. Save the case as DynTUT2-4.usc.

2.3.4 Adding Pressure-Flow
Specifications

Before integration can begin in UniSim Design, the degrees of freedom
for the flowsheet must be reduced to zero by setting the pressure-flow
specifications. Normally, you make one pressure-flow specification per
flowsheet boundary stream, however, there are exceptions to the rule.
One extra pressure flow specification is required for every condenser or
side stripper unit operation attached to the main column. This rule
applies only if there are no pieces of equipment attached to the reflux
stream of the condenser or the draw stream of the side strippers.
Without other pieces of equipment (i.e., pumps, coolers, valves) to
define the pressure flow relation of these streams, they must be
specified with a flow specification.

Pressure-flow specifications for this case will be added to the following
boundary streams:

e Atm Feed

e Main Steam

= AGO Steam

= Diesel Steam

e Off Gas

e Waste Water
< Naphtha

e Kerosene

e Diesel

« AGO

e Residue

This simplified column has all the feed streams specified with a flow
specification. The Off Gas stream has a pressure specification which
defines the pressure of the condenser and consequently the entire
column. The liquid exit streams of the column and the side stripper
operations require pressure specifications since there are no attached
pieces of equipment in these streams. All the other exit streams
associated with the column require flow specifications.

The following pump around streams require flow specifications since
both the Pressure Flow and the Delta P specifications are not set for the
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|

Enter Parent Simulation
Environment icon

x|

Dynamic Mode icon

pump around coolers.

e PA_1 Draw
e PA_2 Draw
e PA_3 Draw

The following streams have their flow specifications defined by PID
Controller operations.

o 0k w

7.

e Reflux

e Kero_SS_Draw

e Diesel _SS Draw

e AGO_SS Draw

Enter the Main Flowsheet environment. Close the column property
view if it is still open.

Switch to dynamic mode by clicking the Dynamic Mode icon. When
asked if you want to allow dynamics assistant to identify items
which are needed to be addressed before proceeding into dynamics,
click the No button.

Every material stream in the Main Flowsheet requires either a
pressure or flow specification.

Double-click the Diesel Steam icon to enter its property view.
Click the Dynamics tab, then select the Specs page.
In the Pressure Specification group, clear the Active checkbox.

In the Flow Specification group, select the Molar radio button, then
activate the Active checkbox.

In the Molar Flow cell, enter 75.54 kgmole/h if required.

Figure 2.170

R

Drmemies ~Dynamic S pecification:

Specs ~Preszure Specification

et [ Pressure |__Active
tipchart | 344.7 kPa | r

—Flaw Specification
@ Molar ¢ Mass ¢ IdealLigval ¢ Std. Ligviol

I olar Flow Active
75.54 kamalesh v

Feeder block.. |

= worksheet I Attachments D_vnamicsl

Delete | Defing from Other Stream... | L =

Once a pressure or flow specification has been made active, the
stream value turns blue and can be modified.

Set the following pressure or flow specifications for the following
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streams in the Main Flowsheet.

Material Stream Pressure Specification Flow Specification

Atm Feed Inactive Molar Flow, Active 2826 kgmole/h
Main Steam Inactive Molar Flow, Active 188.8 kgmole/h
AGO Steam Inactive Molar Flow, Active 62.95 kgmole/h
Off Gas Active Inactive 135.8 kPa
Waste Water Inactive Molar Flow, Active 317.8 kgmole/h
Naphtha Inactive Ideal LigVol, Active 152.4 m3/h
Kerosene Inactive Ideal LigVol, Active 61.61 m3/h
Diesel Active Inactive 211.4 kPa

AGO Active Inactive 215.6 kPa
Residue Active Inactive 221.6 kPa

8. Use the Object Navigator to enter the Column subflowsheet
environment. Click the Object Navigator icon in the tool bar. The
Object Navigator view appears. In the Flowsheets group, double-
click T-100.

Every material stream in the column environment also requires
either a pressure or flow specification. Use the following procedure
to set a pressure-flow specification for the PA_1 Draw stream.

9. In the PFD, double-click the PA_1 Draw stream icon to open the
property view.
10. Click the Dynamics tab, then select the Specs page.

11. In the Flow Specification group, select the Molar radio button, then
activate the Active checkbox.

Figure 2.171

PA_1_Diaw M= E&3

e ~Dynamic Specification:

Specs ~Pressure 5pecification

Shinch [ Piessure [ Active |
ifpetient | TSErkFa| [ |

i Flaw Specification
i Molar © Mass  IdealLig¥al " Std Ligol

Molar Flow Active
2183 kgmaolesh v

T workshest I Attachments Dynamicsl
5

Delete | Defing from Other Stream... | + I = I

12.Close the PA_1_Draw property view.
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& @

Start Integrator icon

13. Activate the following flow specifications for the following streams in
the Column sub-flowsheet.

Material Stream ‘ Pressure-Flow Specification ‘ Value

PA_2_Draw Molar Flow 830.2 kgmole/h
PA_3_Draw Molar Flow 648.0 kgmole/h
Reflux Molar Flow 879.7 kgmole/h
Kero_SS_Draw Molar Flow 426.6 kgmole/h
Diesel_SS_Draw Molar Flow 616.8 kgmole/h
AGO_SS_Draw Molar Flow 124.8 kgmole/h

14. Save the case as DynTUT2-5.usc.
15. Close all the views except the face plates.

16. To arrange the face plates, select the Arrange Desktop command
from the Windows menu.

17.The integrator can be run at this point. Click the Start Integrator
icon. When you are given the option to run dynamic assistant, select
No.
When the integrator initially runs, UniSim Design detects that no
vapour phase exists in the Condenser at the specified process
conditions. It displays the following message:

This veszel has no vapour phase at the specified process conditions. UniSim Design
can initialise this vessel with a vapour phase by increasing the total vessel temperature.
Altematively, the liquid level can be set to 100%, but this can cause difficulties starting
the: simulation

RECOMMENDATION: [Increase temperature

Increase Temperature 100% Liguid

UniSim Design recommends that you increase the temperature
setting to create a vapour phase. You can also create a non-
equilibrium vapour phase or set the liquid level to be 100%. For the
sake of this example, select the default recommendation.

18. Click the Increase Temperature button.

19. Let the integrator run for few minutes so all the values can
propagate through the column. Observe the value changes on the
face plate view.

20. To stop the integrator, click the Stop Integrator icon.

2.3.5 Monitoring in Dynamics

Now that the model is ready to run in dynamic mode, the next step is to
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The Variable Navigator
is used extensively in
UniSim Design for
locating and selecting
variables. The
Navigator operates in a
left-to-right manner-
the selected Flowsheet
determines the Object
list, the chosen Object
dictates the Variable
list, and the selected
variable determines
whether any Variable
Specifics are available.

install a strip chart to monitor the general trends of key variables. The
following is a general procedure for installing strip charts in UniSim
Design.

1. Open the Databook by using the hot key combination CTRL D.

Figure 2.173

DataBook H[=1 E3
—Awailable Data Entrie:
Object Yarigblz
Edit
Insert...
[velete

-
Varniables | Process Data Tables I Stiip Charts I D ata Recorder I Case Studies |

2. On the Variables tab, click the Insert button. The Variable
Navigator view appears.

3. In the Flowsheet list, select the Column T-100.

4. In the Object Filter group, select the UnitOps radio button. The
Object list is filtered to show unit operations only.

5. In the Object list, select the Condenser. The Variable list available
for the column appears to the right of the Object list.

6. In the Variable list, select Liquid Percent Level.

Figure 2.174

_inix]
Flowzhest Object Warnable Yariable Specifics ok
Caze [Main] |AGOFC Boot height - —
T-100 [COL1)] | Cond LC Condenszer Overall L Add
Diesel FC Degree of Subcaoal "
Off Gas FC Distillate bass Flow Object Filte
Fieb LC Distilate Molar Flow Al
AGO_SS Distillate “alume Flow © Shisams
Condenser Dty
Diesel S5 Heawy Liquid Mass FI & UritOps
Mavigator Scope——— | Kero_55 Heawy L\quid olar FI " Logicals
' Flowshast Kero 55 _Feb Heawy Liquid Yolume ¢ CalumnOps
Main TS Lewvel Tap - Aqueous  Custom
o Casg PA_1_Cooler Level Tap - Liquid
" Basis PA_2 Cooler Lig ¥olume Percent Custom |
Uity P4_3 Cooler
Liquid volume
i
“ariable Description: ILiquid Percent Level Cancel

7. Click the OK button. The variable now appears in the Databook.
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i ) 8. Add the following variables to the Databook. If you select the top
Ifyou can't find an Object variable in the list of Available Data Entries before inserting a new
in the Variable Navigator i . 5 X
view, select the All radio variable, the new variable will always be added to the top of the list.
button in the Object Filter
group, then select Case . .
(Main) in the Flowsheet Object ‘ Variable
group. All operations and Kero_SS_Reb Liquid Percent Level

streams for the design
will appear in the Object Off Gas Molar Flow

list. Condenser Vessel Temperature

The next task is to create a Strip Chart to monitor the dynamics
behaviour of the selected variables.

9. Click the Strip Charts tab in the Databook view.

10. Click the Add button. UniSim Design creates a new Strip Chart with
the name DatalLoggerl.

11.Click in the blank Active checkbox beside the Condenser/Liquid
Percent Level variable.
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The complete case for this
tutorial has been pre-built
and is located in the file
TUTORS3.usc in your
UniSim
Design\Samples
directory.

The simulation will be

bui
ste

1.

It using these basic
ps:

Select the
components.

. Choose a property

package.

. Create a fluid

package.

. Define the reaction.
. Create and specify the

feed streams.

. Install and define the

Mixer and Reactor.

. Install and define the

Distillation Column.

Introduction

3.1 Introduction

In this tutorial, a flowsheet for the production of propylene glycol is
presented. Propylene oxide is combined with water to produce
propylene glycol in a continuously-stirred-tank reactor (CSTR). The
reactor outlet stream is then fed to a distillation tower, where
essentially all the glycol is recovered in the tower bottoms. A flowsheet
for this process appears below.

Figure 3.1
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The following pages will guide you through building a UniSim Design
case for modeling this process. This example will illustrate the complete
construction of the simulation, including selecting a property package
and components, defining the reaction, installing streams and unit
operations, and examining the final results. The tools available in
UniSim Design interface will be utilized to illustrate the flexibility
available to you.

Before proceeding, you should have read Chapter A - UniSim
Design Tutorials which precedes the tutorials in this guide.

3.2 Steady State Simulation

3.2.1 Process Description

The process being modeled in this example is the conversion of
propylene oxide and water to propylene glycol in a CSTR Reactor. The
reaction products are then separated in a distillation tower. A flowsheet
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The Workbook displays
information about
streams and unit
operations in a tabular
format, while the PFD is
a graphical
representation of the
flowsheet.

for this process appears below.

Figure 3.2
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The propylene oxide and water feed streams are combined in a Mixer.
The combined stream is fed to a Reactor, operating at atmospheric
pressure, in which propylene glycol is produced. The Reactor product
stream is fed to a distillation tower, where essentially all the glycol is
recovered in the bottoms product.

The two primary building tools, Workbook and PFD, are used to install
the streams and operations, and to examine the results while
progressing through the simulation. Both of these tools provide you
with a large amount of flexibility in building your simulation and in
quickly accessing the information you need.

The Workbook is used to build the first part of the flowsheet, including
the feed streams and the mixer. The PFD is then used to install the

reactor, and a special sequence of views called the Input Expert will be
used to install the distillation column.

3.2.2 Setting Your Session
Preferences

Start UniSim Design. Your first task is to set your Session Preferences.
1. From the Tools menu, select Preferences. The Session
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The default Preference
file is named
unisimdesign R*.prf.
When you modify any of
the preferences, you can
save the changes in a
new Preference file by
clicking the Save
Preferences As...
button. UniSim Design
prompts you to provide
a name for the new
Preference file, which
you can later recall into
any simulation case by
clicking the Load
Preference Set button.

Preferences view appears.

= Session Preferences (UniSimDesign.PRF)
Simulation General Optiops
po [ Allow Multiple Stieam Connections Use Input Experts Emphy Text | <emply:
rhans Visw New Stisams upon Creation Confim Deleles
i [ Use Modal Property Views Corfim M ode Switches
Desktop Record Time When Notes dre Modified ] Enable Single Click Actians
Haming Enable Cross Hairs On PFD Enable Cell Edit Button
Taol Tips Save XML FlLid Package To User Defined File
P Bt Basziz Environment Wamings Transter Basis
Dinatics S Propstty Packags Warming O T Flash
Steady State Show Waming Message on Edit of Interaction Parameters () PH Flash
Performance (OWF-T Flash
P Stisam Property Correlations VP Flash
Clivate Property Comelations (5 tandard, Elack 0il, Electralyte ) Mone Riequire
ol Oa P Camelations (Standard, Black Oil, El lite] () None Required
lurnn i
Confirm Bsfore Adding if Active Conslatians are Present (2 Needs Changing
Status Wwindow
Trace Window Hypothetical components optiors
Cut/Copy/Paste Confim before replacing sl duplicate hypos from all hypo groups,
= [ ariatles ] Repotts | Fies | Resouices | Estensions | Dl lnput | Trap Sieing | Case Todls |
[ Save Preferences ] [ Save Preferences As. ] Save Preferences file by default Load Preferences

2. The Simulation tab, Options page should be visible. Ensure that
the Use Modal Property Views checkbox is unchecked.

3. Click the Variables tab, then select the Units page.

Creating a New Unit Set

The first task you perform when building the simulation case is
choosing a unit set. UniSim Design does not allow you to change any of
the three default unit sets listed, however, you can create a new unit
set by cloning an existing one. For this tutorial, you will create a new
unit set based on the UniSim Design Field set, then customize it.

1. In the Available Units Sets list, select Field.

The default unit for Liqg. Vol. Flow is barrel/day; next you will
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change the Liq. Vol. Flow units to USGPM.

= Session Preferences (UniSimDesign.PRE)

Available Unit Sets

Variables
: e
Units
Formats FieldDensity
Sl
s3
User Figld

Unit Set Mame | Field

Display Units
Uit ) Wigw ..
Acceleration ft/s2
Acidity ma KOH /g
At Gas Flow ACFM
Act Vol Flow barrel/day
Actual Liquid Flow USGPM A l
Actual Mass Density kaém3 Z
Angle deg
AP Fire Equation Constar Btu/hr-ft1.E4
Aiea ft2
Area Per Mass it2/b ~

Simulation  Yariables | Fieports JFiIes Resources J Estensians JDiIInpul J Tray Sizing J Case Tooks |

[ savePreferences | [ Save Preferencesis.. | [ Save Preferences fle by default Load Freferences

6.

Click the Clone button. A new unit set named NewUser appears in
the Available Unit Sets list.

In the Unit Set Name field, change the name to Field-USGPM. You
can now change the units for any variable associated with this new
unit set.

Find the Liq. Vol. Flow cell. Click in the barrel/day cell beside it.

To open the list of available units, click the down arrow =i, or press
the F2 key then the Down arrow key.

From the list, select USGPM.

Figure 3.5

= Session Preferences (UniSimDesign.PRF)
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Variables
! B £
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Large Heat Flow EET
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Lig. Wol. Flow USGPM w|  Delte
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Mass Concentration ppm 3k
Mass Content per Yolume | 130y

Simulation  Yariables | Fieports JFiIes Resources J Estensiars JDiIInpul J Tray Sizing J Case Tooks |

[ savePreferences | [ Save Preferencesis . | [ Save Preferences fle by defaut Load Preferences

The new unit set is now defined. Close the Session Preferences
view.
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o]

New Case Icon

All commands
accessed via the tool
bar are also available
as menu items.

UniSim Design displays
the current
Environment and
Mode in the upper right
corner of the view.
Whenever you begin a
new case, you are
automatically placed in
the Basis Environment,
where you can define
your property package
and components.

3.2.3 Building the Simulation

1. Click the New Case icon.
2. The Simulation Basis Manager appears.

* Simulation Basis Manager E]|E|gj

Companent Lists

Impart..

Expart...

FRefiesh

=
Components | Fluid Pkgs J Hypotheticals J 0il b anager J Reactions J Component Maps J Uzer Properties J

[ Enter P%T Environmert. . ] [ Enter Simulation Environment... ]

The next task is to select the components. Then a Fluid Package will
be created. A Fluid Package, at minimum, contains the components
and property method that UniSim Design will use in its calculations
for a particular flowsheet. Depending on what a specific flowsheet
requires, a Fluid Package may also contain other information such
as reactions and interaction parameters.

Selecting Components

Now that you have created a new case, your next task is to select the
components.

1. On the Components tab of the Simulation Basis Manager view,
click the Add button in the Component Lists group. The Component
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List view appears.

* Component List View: Component List - 1

Add Component Selected Components Components Available in the Libran:
1= Library Components Match @
Traditional
OLI Electralyte
UriSim Elec (O SimMame (& Ful Mame / Synorym () Formula
& Hypo Components <--4dd Pure " Methane CHA ~
Other Comp Lists Ethane c2 C2HE
Propane C3 C3H8
HButane ic4 C4H1D
nButane n-C4 C4H10
i-Pentane iCh CEH12
nFentane nCh C5H12
nHexane CE CEH14
n-Heptane c7 C7H1E
nOclane  CB CaHig
rtlonane C3 CaHz0
nDecane C10 Cl0H22
Mitrogen M2 M2
coz coz coz
|_Hzs H25 K23 ¥
fi |2 Show Sypnonyms [ Cluster

e
Selecled| Component by Type J Component Databases J

Component List - 1

Each component can appear in three forms, corresponding to the
three radio buttons that appear above the component list.

Feature ‘ Description

Sim Name The name appearing within the simulation.

Full Name/Synonym IUPAC name (or similar), and synonyms for many

components.

Formula The chemical formula of the component. This is
useful when you are unsure of the library name of

a component, but know its formula.

Based on the selected radio button, UniSim Design locates the
component(s) that best matches the information you type in the
Match field.

In this tutorial you will use propylene oxide, propylene glycol,
and H20. First, you will add propylene oxide to the component
list.

2. Ensure the Full Name / Synonym radio button is selected and the
Show Synonyms checkbox is checked.
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3. In the Match field, start typing propyleneoxide, as one word.
UniSim Design filters the list as you type, displaying only those
components that match your input.

Components Available in the Library

Match | propyleneo “iewy Filters...

) SimMame (&) Full Name / Synongm () Formula

| BisPhenal p.p"sopropylidenebisphencl C15H1602
pOiC3BZHYPr  p-Diizopropylbenzene_Hydroperoxide C12H1802
pDiC3BZHyPr  p-Diisopropylbenzene_Monohydroperoxide C12H
TrC3=Glycal  Prapanol[[1-tethpl-1,2-Ethanediyl)bis(ow||bis- COHZ
12-CIC3 Propylene_Chloride C3HEBLCIZ2
12-CIC3 Fropylene_Dichloride C3HECI2
12-C3dial Propylene_Glycol C3Ha0z2
2-MowC30l-1  Propylene_Glycol-2-bethyl_Ether  C4H1002
C3=G2C4Ethi  Propylene_Glycol 2-tert-Butyl_Ether CFH1602

Propylene_Glycol Monomethyl Ether  C4H1002

C3=G-C1Ether
C3

Propylene Glycol_tert-Butyl Ether-2 CFH1B02

C3=Carbonate lenecatbonate AHED 2

Show Synonyms

] Chuster

When propylene oxide is selected in the list, add it to the
Selected Components List by doing one of the following:

e Press the ENTER key.
* Click the Add Pure button.
e Double-click on PropyleneOxide.

The component now appears in the Selected Components list.

Figure 3.9

e

Selected Components Components Available in the Component Library

Add Component

= leh?[r}l i.o.mpolnents :‘ 2C30+ide Match mlenao Wiew Filters
raditional
Electrolyte " Sim Name & Full Mame / Synonym " Formula
g:::o EUmDDEEFtS BizPhenol p.p"lsopropylidenebisphenal C15H1602
SLOmp Lt <-itdd Pure plHC3BZHYPr  p-Diisopropylbenzene_Hydroperoxide C12H1802
pOHC3BZHYPr  p-Diizsopropylbenzene_Monohydroperaxide Ciz2H
TiC3=Glycol  Propanol([1-kethyl-1,2-E thanedivlbis{o=y)lbis- CaHz
<-Substitute-> 12053 Propylene._Chloride C3HECI2
12-CIC3 Propylene_Dichloride C3HBLCIZ
12-C3dial Fropylene_Glycol C3HBOZ
24damyC3ol1  Propylene Glycol2-Methyl_Ether  C4H1002
C3=G2ZC4Ethr  Propylene_Glycaol 2-tert-Butyl Ether CYH1602
- C3=G-ClEther Propylene_Glycol Monomethyl Ether  C4H1002
Sort List Ipcol_tertBubyl Ether-2 CFH1E02
ate CAHE 3
v Show Synonyms [ Cluster

—
Selected | Component by Type

Delete Compaonent List - 1

Mame

Another method for finding components is to use the View Filters
to display only those components belonging to certain families.

Next, you will add Propylene Glycol to the component list using the
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Fiters &

Property Package Filter—
[~ Recommended Dnly

I L I0nE: VI

r—Family Type Filter————
¥ Use Filter

[~ Hydmocarbons
[ Salids

[T Miscellaneous
[~ Amines

[~ Alcohol:

[ Ketones

[~ Aldehpdes
[~ Esters

[~ Cabosylic Acids
[ Halogens

[~ Mitriles

[~ Phenols

[~ Ethers

[ UserDefined

&l

Invert |

o

© ©® N o

filter.

Ensure the Match field is empty by pressing ALT M and then the
DELETE key.

Click the View Filters button. The Filters view appears.
Click the Use Filter checkbox to activate the filter checkboxes.
Since Propylene Glycol is an alcohol, click the Alcohols checkbox.

In the Match field, begin typing propyleneglycol, as one word.
UniSim Design filters as you type, displaying only the alcohols that
match your input.

Figure 3.10

Component List View: Component List - 1

Add Component Selected Components Components évailable in the Component Library

=/ Libraty Components | |(12030¢de Match Wiew Fiters

Traditional a

Electrolyte  Sim Mame & Full Name / Synarym  Farmula
Hypa Components
Other Comp Lists cobdd Pure

<-Substitute->
Sort List
W Show Synonyms [~ Cluster
_—
Selected | Companent by Tupe

Delete Hame Compaonent List -1

10.

11.
12.

13.

14.

When Propylene Glycol is selected in the list, press the ENTER
key to add it to the Selected Components list.

Finally, you will add the component H20.
In the Filter view, clear the Alcohols checkbox by clicking on it.

Ensure the Match field is empty by pressing ALT M and then the
DELETE key

H20 does not fit into any of the standard families, so click on the
Miscellaneous checkbox.

Scroll down the filtered list until H2O is visible, then double-click on
H20 to add it to the Selected Components list.
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A component can be
removed from the
Selected Components
list by selecting it and
clicking the Remove
button or the DELETE
key.

Refer to Chapter 3 -
Hypotheticals in the
UniSim Design
Simulation Basis
Guide for more
information on cloning
library components.

15. The final component list appears below.

Figure 3.11

—Selected Components
12C30xide

<--fdd Pure
<-Substitute-»
Remove---»
Sork List
Wiew Component

Viewing Component Properties

To view the properties of one or more components, select the
component(s) and click the View Component button. UniSim Design
opens the property view(s) for the component(s) you select.

1. Click on 12-C3diol in the Selected Components list.

2. Click the View Component button. The property view for the
component appears.

Figure 3.12

1 12c30xide

Companent [dentification

Component Name | 12C30%ide
Family / Class | Ether

Chem Formula | C3HED
1D Mumber | 935
Group Name |
CAS Number | 75-56-9

UMIFAC Structure

CH20 CH CH2

Uszer 1D Tags

Tag Mumber Tag Text
1 1] <emplys Mot Spec'd

tiJ Critical | Paint | TDep | UserProp

[ Delete ] [ Edit Properties ]

The Component property view provides you with complete access to
the pure component information for viewing only. You cannot
modify any parameters for a library component, however, UniSim
Design allows you to clone a library component into a Hypothetical
component, which can then be modified as desired.
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The Simulation Basis
Manager allows you to
create, modify, and
otherwise manipulate
Fluid Packages in your
simulation case. Most of
the time, as with this
example, you will
require only one Fluid
Package for your entire
simulation.

UniSim Design has
created a Fluid Package
with the default name
Basis-1. You can change
the name of this fluid
package by typing a new
name in the Name cell
at the bottom of the
view.

3. Close the individual component view, then close the Component List
View to return to the Simulation Basis Manager.

Creating a Fluid Package

1. Click the Fluid Pkgs tab of the Simulation Basis Manager.
2. Click the Add button. The Fluid Package property view appears.

Figure 3.13

Fluid Package: Basis-1

Property Package Selection
. e PTDDETt}' package Flltef

oo B

Ariine Pkg || @) Al Types

Antaine (O EDSs

ASME Steam | | D) Activity Models
g{s}ﬁnsmu () Chao Seader Models
Chao Seader () Wapaur Press Models
Chien MNull - ) Electrolpte Maodels
Clean Fuels Pkg UriSim O Miscellaneous Types
DEBR Amine Package

Esso Tabular

Advanced Thermodynamics
Companent List Selection

Comprnent List - 1 v| [[] UniSim Thema
T set Up| Parameters J Binary Cosffs J StabTest J Phase Order JFhms T abular JNoles
Name. B Propery P I

The Fluid Package property view allows you to supply all the
information required to completely define the Fluid Package. In this
tutorial you will use the following tabs: Set Up, Binary Coeffs
(Binary Coefficients), and Rxns (Reactions).

You choose the Property Package on the Set Up tab. The currently
selected property package is <none>. There are a number of ways
to select the desired base property package, in this case
UNIQUAC.

3. Do one of the following:

e Begin typing UNIQUAC, and UniSim Design finds the match to
your input.

e Use the vertical scroll bar to move down the list until UNIQUAC
becomes visible, then click on it.

Figure 3.14

Property Package Selection
NRTL a2 Property Package Filter
OLI_Electrolyte © Al Types
Peng-Robingon () EOSs
PR-Tuu () Activiy Models
PRSY O Chao Seader Modst
Sou PR a0 Seadsr Models
Sour SAK () Wapour Press Models
() Electiolyte Models
SRETwu () Miscellaneous Types
Twu-Sim-T assone

The Property Pkg indicator bar at the bottom of the view now
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indicates UNIQUAC is the current property package for this Fluid
Package.

Propers Pk S |

Alternatively, you can select the Activity Models radio button in
the Property Package Filter group, producing a list of only those
property packages which are Activity Models. UNIQUAC appears in
the filtered list, as shown here.

Figure 3.16

Property Package Selection

P ty Package Fil
pr—. roperty Package Filter

Chien Nul O Al Types

Extended NRTL (O EDSs

Gerneral NRTL (&) Activity Models
Margules () Chao Seader Models
MRATL

LNIGLIAL () Wapour Press Models
van Laar () Elecholyte Models
"Wilson () Mizcellaneous Types

In the Component List Selection drop-down list, UniSim Design
filters to the library components to include only those appropriate
for the selected Property Package. In this case, Component List - 1
is selected as it is the only list you have created.

Providing Binary Coefficients

The next task in defining the Fluid Package is providing the binary
interaction parameters.
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1. Click the Binary Coeffs tab of the Fluid Package view.

Figure 3.17

X

@

Fluid Package: Basis-1 )

Activity bodel Interaction Parameters

Coeff Estimatior
(®) UMIFAC YLE
) UNIFAC LLE
12C30xide | 12-C3diol H20 ) Immiscible
12C30xide -71.909

12-Cadiol 335,033
HzO 823 550 -5.027 w

R =1.98721
cal/gmol K.

Coeff Matrix To Viewr @ Aij [@]:11

=] Set Up | Parameters  Binary Coeffs | StabTest J Phasze Order Jlens T abular J Motes

Name [Basil Fropery Py S

In the Activity Model Interaction Parameters group, the Aij
interaction table appears by default. UniSim Design automatically
inserts the coefficients for any component pairs for which library
data is available. You can change any of the values provided by
UniSim Design if you have data of your own.

In this case, the only unknown coefficients in the table are for the
12C30xide/12-C3diol pair. You can enter these values if you have
available data, however, for this example, you will use one of
UniSim Design's built-in estimation methods instead.

Next, you will use the UNIFAC VLE estimation method to estimate
the unknown pair.

2. In the Coeff Estimation group, ensure the UNIFAC VLE radio
button is selected.

3. Click the Unknowns Only button. UniSim Design provides values
for the unknown pair. The final Activity Model Interaction
Parameters table for the Aij coefficients appears below.

Figure 3.18

Activity Model Interaction Paranme

| Coeff Matriz To Wiew = i i Bij
12C30xide | 12-C3diol Hz0
12C30%ide -1 70570 -71.903
12-C3diol 787060 -335.033
H20 823,580 5027

4. To view the Bij coefficient table, select the Bij radio button. For this
example, all the Bij coefficients will be left at the default value of
zero.
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Home View Icon

These steps will be

followed in defining our

reaction:

1. Create and define a
Kinetic Reaction.

2. Create a Reaction Set

containing the reaction.

3. Activate the Reaction
set to make it available
for use in the
flowsheet.

3.2.4 Defining the Reaction

1. Return to the Simulation Basis Manager view by clicking on its title
bar, or by clicking the Home View icon.

2. Click the Reactions tab. This tab allows you to define all the
reactions for the flowsheet.

Figure 3.19
* Simulation Basis Manager @lﬁl@

Rxn Components Reactions Reaction Sets
'
Assoc. Fluid Pkos
= Components J Fluid Pkgs J Hypotheticals J Oil Manager Reactions | Component Maps J Uszer Properties J
[ Enter P%T Environment... ] [ Enter Simulation Erviranment... ]

The reaction between water and propylene oxide to produce
propylene glycol is as follows:

H,0 + C4Hg0 — C3Hg0, (3.1)

Selecting the Reaction Components

The first task in defining the reaction is choosing the components that
will be participating in the reaction. In this tutorial, all the components
that were selected in the Fluid Package are participating in the reaction,
so you do not have to modify this list. For a more complicated system,
however, you would add or remove components from the list.

To add or remove a component, click the Add Comps button. The
Component List View appears. Refer to the Selecting Components
section in Section 3.2.3 - Building the Simulation for more
information.

Creating the Reaction

Once the reaction components have been chosen, the next task is to
create the reaction.
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On the Stoichiometry tab,
you can specify which of
the Rxn Components are
involved in the particular
reaction as well as the
stoichiometry and the
reaction order.

Often you will have more
than one reaction
occurring in your
simulation case. On the
Stoichiometry tab of
each reaction, select
only the Rxn
Components
participating in that
reaction.

1.

In the Reactions group, click the Add Rxn button.
The Reactions view appears.

Figure 3.20

Ic: o

| Equilibrium
Heterageneous Catalptic
Kinetic

| Simple: R ate

Add Reaction

2.

In the list, select the Kinetic reaction type, then click the Add
Reaction button.

The Kinetic Reaction property view appears, opened to the
Stoichiometry tab.

Figure 3.21

“AKinetic Reaction: Rxn-1

Stoichiometry and Rate [nfo
Component Male 'wh. | Stoich Coeff | Fuwd Order Fiew Order

hdd Camp’ I

Balance Eror | 0.00000
Fieaction Heat (25 C)| <empy>

™ Stoichi y | Basis | P
Name. [Fisn C NetReay

In the Component column, click in the cell labeled **Add

Comp**.

Select Water as a reaction component by doing one of the

following:

e Open the drop-down list and select H20 from the list of available
reaction components.

= Type H20. UniSim Design filters as you type, searching for the
component which matches your input. When H20 is selected,
press the ENTER key to add it to the Component list.

Repeat this procedure to add 12C30xide and 12-C3diol to the
reaction table.

The next task is to enter the stoichiometric information. A negative
stoichiometric coefficient indicates that the component is consumed
in the reaction, while a positive coefficient indicates the component
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Notice that the default
values for the Forward
Order and Reverse
Order appear in red,
indicating that they are
suggested by UniSim
Design. When you
enter the new value for
H20, it will be blue,
indicating that you
have specified it.

A Kinetic Reaction: Rxn-1

™ Staichiometry [ Basis ] Peramet

is produced.

In the Stoich Coeff column, click in the <empty=> cell
corresponding to H20.

Type -1 and press the ENTER key.

Enter the coefficients for the remaining components as shown in the
view below:

Figure 3.22

Stoichiomety and Rate [nfo

Companent Male'wt. | Stoich Coeff | Fwd Order Rew Order
H20 18.015 -0.000 1.00 <emphy>
12C30x%ide 58.080 -0.000 1.00 <emphys
12-C3dial 7E.036 -0.000 <emphy 1.00
~fdd Comp
Balance Enor | 0.00000

Reaction Heat (25 C)]  0.0e-01 Btw/lbmals

Name Rl | MNotResdy

A Kinetic Reaction: Rxn-1

Once the stoichiometric coefficients are supplied, the Balance
Error cell will show O (zero), indicating that the reaction is mass
balanced. UniSim Design will also calculate and display the heat of
reaction in the Reaction Heat cell. In this case, the Reaction Heat
is negative, indicating that the reaction produces heat (exothermic).

UniSim Design provides default values for the Forward Order and
Reverse Order based on the reaction stoichiometry. The kinetic
data for this Tutorial is based on an excess of water, so the kinetics
are first order in Propylene Oxide only.

In the Fwd Order cell for H20, change the value to O to reflect the

excess of water. The Stoichiometry tab is now completely defined
and appears as shown below.

Figure 3.23

Stoichiometiy and R ate Info

Companent Male'wt. | Stoich Coeff | Fwd Order Rew Order
H20 18.015 -1.000 0.00 0.00
12C30xide 52,080 -1.000 0.00
12-C3dial 76.036 1.000 0.00 1.00
“&dd Comp®
Balance Eror [ 0.00000
Reaction Heat [25 C]‘ -3.9e+04 Bhu/lbraale

™ Stoichi try | Basiz | P. {
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You can have the same
reaction occurring in
different phases with
different kinetics and
have both calculated in
the same REACTOR.

10.
11.
12.

13.

14.

The next task is to define the reaction basis.
In the Kinetic Reaction view, click the Basis tab.
In the Basis cell, accept the default value of Molar Concn.

Click in the Base Component cell. By default, UniSim Design has
chosen the first component listed on the Stoichiometry tab, in this
case H20, as the base component.

Change the base component to Propylene Oxide by doing one of
the following:
= Open the drop-down list of components and select 12C30xide.

e Begin typing 12C30xide, and UniSim Design filters as you type.
When 12C30xide is selected, press the ENTER key.

In the Rxn Phase cell, select CombinedLiquid from the drop-
down list. The completed Basis tab appears below.

Figure 3.24

A Kinetic Reaction: Rxn-1
Basis LCarrection
Biasis Molar Concn i .
Use liquid volume fract

Base Companent 12C30xide D SSIEHEREEIE .rac on
Rin Phase CombinedLiguid in ran rate calculation
Min. Temperature -459.7 F
M ax Temperature R432F

Easis Units Ibrnole /3 hd

Rate Units Ibrnaleft3-hi w

Stoichiometry  Basis | Parameters J
Name [Fin o Rey

15.

16.
17.

The Min. Temperature, Max. Temperature, Basis Units, and
Rate Units are acceptable at their default values.

Click the Parameters tab. On this tab you provide the Arrhenius
parameters for the kinetic reaction. In this case, there is no
Reverse Reaction occurring, so you only need to supply the
Forward Reaction parameters.

In the Forward Reaction A cell, enter 1.7e13.

In the Forward Reaction E cell (activation energy), enter 3.24e4
(Btu/lbmole).

The status indicator at the bottom of the Kinetic Reaction
property view changes from Not Ready to Ready, indicating that
the reaction is completely defined. The final Parameters tab
appears below.
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A Kinetic Reaction: Rxn-1

Farward Feaction Equation Help

A 1.7000e+013 r = k*f{Basis] - k"B asis]

E Al k= A"esp{E/RT}"T B
[E) {LEmplys

k' = A'esp {£'/RT }* TR

Reverse Reaction T in Keldin
& <Empty
E | <EMmphys
I | <emplys

= Stoichiometry | Basie  Parameters
Name [Fin © Rexy

18. Close both the Kinetic Reaction property view and the Reactions
view.

19. Click the Home View icon to ensure the Simulation Basis
Manager view is active. On the Reactions tab, the new reaction,
ﬂ | Rxn-1, now appears in the Reactions group.

Home View Icon Figure 3.26

* Simulation Basis Manager,

R=n Components Reactions
12Csice
12-C3dinl
Hzo dd R, Add Set..
o
Assoc. Fluid Pkgs
Add Comps.. Add to FP
Components J Fluid Pkas J Hypothetical: J OilManager Reactions | Component Maps J Uszer Properties J
[ Erter PYT Environment. . ] [ Return to Simulation Ervironment. . ]

The next task is to create a reaction set that will contain the new
reaction. In the Reaction Sets list, UniSim Design provides the
Global Rxn Set (Global Reaction Set) which contains all of the
reactions you have defined. In this tutorial, since there is only one
REACTOR, the default Global Rxn Set could be attached to it,
however, for illustration purposes, a new reaction set will be
created.

The same reaction(s) can

Creating a Reaction Set
be in multiple Reaction

Sets. Reaction Sets provide a convenient way of grouping related reactions.
For example, consider a flowsheet in which a total of five reactions are
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taking place. In one REACTOR operation, only three of the reactions
are occurring (one main reaction and two side reactions). You can
group the three reactions into a Reaction Set, then attach the set to the
appropriate REACTOR unit operation.

1. In the Reaction Sets group, click the Add Set button. The Reaction
Set property view appears with the default name Set-1.

Reaction Set: Set-1
M ame
Set Infor
| Set Type | Unknown | IISERRESHINN
Active List [n]:S Inactive List Operations Attached
<emply> ] <emply:
[ Wiew Active. . ] [ Yiew Inactive... ] [ i Fixn Matri...
[ Make Inactive -» ] [ <- Make Active ] [ Proprietary Reaction Set

2. In the Active List, click in the cell labeled <empty=>.

The drop-down list 3. Open the drop-down list and select Rxn-1.

contains all reactions in . .
the Global Reaction Set. A checkbox labeled OK automatically appears next to the reaction
Currently, Rxn-1 is the in the Active List. The reaction set status bar changes from Not

only reaction defined, so it
is the only available
selection.

Ready to Ready, indicating that the new reaction set is complete.

Figure 3.28

Active List Ok
Rl i
<e_mFty>
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4. Close the Reaction Set view to return to the Simulation Basis
Manager. The new reaction set named Set-1 now appears in the
Reaction Sets group.

Figure 3.29

‘| Simulation Basis Manager

Fi=n Components Reactions
:
12-C3dial -
Hz20 Add P Add Set..
Delete Rxn
Copy Arn.. __Enpy Set
Azzoc. Fluid Pkas
Import Set...
Add Compe. .. Addto FP
Companghts J Fluid Pkgz J Hypotheticals J OilManager Reactions | Component Maps J User Properties J
[ Enter PVT Envitonment.. ] [ Return to Simulation Erviroriment..

Making the Reaction Set Available to the
Fluid Package

The final task is to make the set available to the Fluid Package, which
also makes it available in the flowsheet.
1. Click on Set-1 in the Reaction Sets group on the Reactions tab.
2. Click the Add to FP button. The Add 'Set-1" view appears.

This view prompts you to select the Fluid Package to which you

would like to add the reaction set. In this example, there is only one
Fluid Package, Basis-1.

Figure 3.30

N Add 'Set-1"

Add Set to Fluid Package
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3. Select Basis-1, then click the Add Set to Fluid Package button.

Figure 3.31
Reaction Set:
Global Rxn Set Yiew Set... |
Set1
Add Set... |
Delete Set |
Copy Set... |
Azeoc. Fluid Pkgs
- Impart Set... |
Basis-1

4. Click the Fluid Pkgs tab to view a summary of the completed Fluid
Package.

Figure 3.32
* Simulation Basis Manager @lﬁl@

Current Fluid Pack ages Flowsheet - Fluid Plg Azsociations
B a3i3- PP: UMIQUAL - [deal View,.. Flowsheet Fluid Pkg To Use
1] Casze [Main] Easiz-1
Default Fluid Plkg Easis-1 v
Fluid Pkg for Mew Sub-FlowSheets
(%) Use Default Fluid Pkg
() Use Parent's Fluid Pkg
e
Component:  Fluid Pkos | Hypotheticals J Oil M anager J Reactions J Component Maps J User Properties J
[ Enter P%T Environment.. ] [ Enter Simulation Ereiranment. . ]

The list of Current Fluid Packages displays the new Fluid
Package, Basis-1, showing the number of components (NC) and
property package (PP). The new Fluid Package is assigned by
default to the Main Simulation, as shown in the Flowsheet - Fluid
Pkg Associations group. Now that the Basis is defined, you can
install streams and operations in the Simulation environment (also
referred to as the Parent Simulation environment or Main
Simulation environment).

3.2.5 Entering the Simulation
Environment

To leave the Basis environment and enter the Simulation environment,
do one of the following:
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Environment Icon

Steady State Simulation

e Click the Enter Simulation Environment button on the
Simulation Basis Manager.

e Click the Enter Simulation Environment icon on the toolbar.

When you enter the Simulation environment, the initial view that
appears is dependent on your current preference setting for the Initial
Build Home View. Three initial views are available, namely the PFD,
Workbook and Summary. Any or all of these can be displayed at any
time, however, when you first enter the Simulation environment, only
one is displayed. For this tutorial, the initial Home View is the
Workbook.

Figure 3.33

3| NoName. usc - UniSim Design R400
File Edit Simulation Flowsheet PFD Tools Window Help

EEEE D D

- PFD - Case [Main)

HHME fid| A7 @ §

There are several things to note about the Main Simulation
environment.

* In the upper right corner, the Environment has changed from
Basis to Case (Main).
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e A number of new items are now available on the Menu and
Toolbar, and the Workbook and Object Palette are open on the
Desktop. These two latter objects are described below.

Features ‘ Description
You can toggle the Workbook A multiple-tab view containing information about the
palette open or closed objects (streams and unit operations) in the simulation
by pressing F4, or by case. By default, the Workbook has four tabs, namely
choosing Open/Close Material Streams, Compositions, Energy Streams and
Object Palette from Unit Ops. You can edit the Workbook by adding or
the Flowsheet menu. deleting tabs and changing the information displayed on

any tab.
Object A floating palette of buttons that can be used to add
Palette streams and unit operations.

Before proceeding any further to install streams or unit operations,
save your case.

1. Do one of the following:
E | e Click the Save icon on the toolbar.
< From the File menu, select Save.
Save Icon - Press CTRL S.
If this is the first time you have saved your case, the Save
Simulation Case As view appears. By default, the File Path is the
Cases sub-directory in your UniSim Design directory.

2. In the File Name cell type a name for the case, for example
GLYCOL. You do not have to enter the .usc extension; UniSim
Design automatically adds it for you.

If you enter a name that 3. Once you have entered a file name, press the ENTER key or the
already exists in the Save button.

current directory, UniSim o ) .

Design will ask you for UniSim Design will now save the case under the name you have
confirmation before given it when you Save in the future. The Save As view will not
over-writing the existing . . . ]

file. appear again unless you choose to give it a new name using the

Save As command.

3.2.6 Using the Workbook

Installing the Feed Streams

In general, the first task you perform when you enter the Simulation
environment is to install one or more feed streams. In this section, you
will install feed streams using the Workbook.

1. Click the Workbook icon on the toolbar to make the Workbook

Workbook Icon
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active.

2. On the Material Streams tab, click in the **New** cell in the
Name row.

UniSim Design accepts blank spaces within a stream or
operation name.

3. Type the new stream name Prop Oxide, then press ENTER. UniSim
Design automatically creates the new stream.

Figure 3.34

“ Workbook - Case (Main) E@E
Mame Prop Oxide = Mew =

Temperature [F] <emEtE> I

Preszure [pzia] < Empys

tdolar Flave [lbmole/hr] <Empy:

Energy Streams JCompositiDn Material Streams | Unit Ops

ProductBlock_Prop Oxide Fluid Plkg | Al R’
FeederBlock_Prop Oxide
[ Include Sub-Flowshests
[ Show Name Oy
Horizontal b atris Mumber of Hidden Objects: 0

When you pressed ENTER after typing in the stream name, UniSim
Design automatically advanced the active cell down one cell, to
Vapour Fraction.

Next you will define the feed conditions for temperature and
pressure, in this case 75°F and 1.1 atm.

4. Click in the Temperature cell for Prop Oxide.

5. Type 75 in the Temperature cell. In the Unit drop-down list,
UniSim Design displays the default units for temperature, in this
case F.

~ Workbook - Case (Main) E@E
Mame | Frop Oxide = Mew = .

Temperature [F] il F “

Pressure [pzia] LEmplis

tdolar Flow [Ibmolehr] LEmpli

Energy Shieams J Composiion  Material Streams | Unit Ops

FroductBlock_Prop Oxide Fluid Pkg | &ll v
FeedeBlack_Prop Oxide
[ Include Sub-Flowsheets
[ Show Name Oy

Horizontal Matriz Murnber of Hidden Objects: 0
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The Input Composition for
Stream view is Modal,
indicated by the thick
border and the absence of
the Minimize/Maximize
buttons in the upper right
corner. When a Modal view
is visible, you will not be
able to move outside the
view until you finish with
it, by clicking either the
Cancel or OK button.

6. Since this is the correct unit, press ENTER. UniSim Design accepts
the temperature.

7. You are now in the Pressure cell for Prop Oxide.

If you know the stream pressure in another unit besides the default
of psia, UniSim Design will accept your input in any one of a number
of different units and automatically convert to the default for you.
For example, you know the pressure of Prop Oxide is 1.1 atm.
Type 1.1.

Press the SPACE BAR or click on =i. Begin typing ‘atm’. UniSim
Design will match your input to locate the unit of your choice.

Figure 3.36

© ®

“ Workbook - Case (Main) E@@
Mame | Frop Oxide = New =

Temperature [F] | 75.00 )

Prezsure [psia] 111 atm v

tdolar Flow [lbmale/hr] L EMply: mbar

Mim2

at

kglem2

psia

IbfAft2 &

Energy Streams JCDmposition Material Streams | Unit Ops

FroductBlock_Prop Oxide Fluid Pkg | &ll b
FeederBlack_Prop Oxide

[ Include Sub-Flowsheets
[ Show Name Only
Horizontal Matriz Nurber of Hidden Objects: 0

10.Once atm is selected in the list, press the ENTER key, and UniSim
Design accepts the pressure and automatically converts to the
default unit, psia.

Alternatively, you can specify the unit simply by selecting it from
the unit drop-down list.

11.Enter 150 Ibmole/hr in the Molar Flow cell for Prop Oxide,
then press ENTER.

Providing Compositional Input

Now that the stream conditions have been specified, your next task is
to input the composition.

1. In the Workbook, double-click the Molar Flow cell of the Prop
Oxide stream.

The Input Composition for Stream view appears. This view allows

3-25




3-26

Steady State Simulation

you to complete the compositional input.

Input Composition for Stream: Prop Oxide [ ]

12C30xide
12-C3dial

' —Caomposition B asi
L Emphy: " Molz Fractions
<Lempiy

Hz0

Rer T i Mass Fractions

" Lig Yolume Fractions

i Mole Flows

i Mass Flows

" Lig Volume Flows

~Caomposition Controls————

Erase |

Mormalize |

Cancel |

Total |D.DDDD

ok I

The following table lists and explains the features available to you
on the Input Composition for Stream view.

Features ‘ Description

Composition
Basis Radio
Buttons

You can input the stream composition in some
fractional basis other than Mole Fraction, or by
component flows, by selecting the appropriate radio
button before providing your input.

Normalizing

The Normalizing feature is useful when you know the
relative ratios of components; for example, 2 parts
N2, 2 parts CO2, 120 parts C1, etc. Rather than
manually converting these ratios to fractions summing
to one, simply enter the individual humbers of parts
and click the Normalize button. UniSim Design
computes the individual fractions to total 1.0.

Normalizing is also useful when you have a stream
consisting of only a few components. Instead of
specifying zero fractions (or flows) for the other
components, simply enter the fractions (or the actual
flows) for the non-zero components, leaving the
others <empty>. Click the Normalize button, and
UniSim Design forces the other component fractions to
zero.

2. In the Composition Basis group, ensure that the Mole Fractions
radio button is selected.

3. Click on the input cell for the first component, 12C30xide. This

stream is 100% propylene oxide.

4. Type 1 for the mole fraction, then press ENTER.

In this case, 12C30xide is the only component in the stream.
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If you want to delete a
stream, click on the Name
cell for the stream, then
press DELETE. UniSim
Design asks for
confirmation of your
action.
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5. Click the Normalize button to force the other values to zero. The
composition is now defined for this stream.

Figure 3.38

Input Composition for Stream: Prop Oxide

12C30xide

1.0000

12-C3diol

0.0000

H20

0.0000

~Composition Basis—————
i+ Muole Fractions

" Mass Fractions

" Lig ¥olume Fractions
i Mole Flows

= Mass Flows

i Lig Volume Flows

Composition Contiols————

Erase |

[ Mormalize I

Cancel |

Total I'I 0ooo ok |

2

Click the OK button. UniSim Design accepts the composition. The

stream specification is now complete, so UniSim Design will flash it
at the conditions given to determine the remaining properties.

The values you specified are a different colour (blue) than the
calculated values (black).

Figure 3.39

Workbook - Case {(Main) | _ (O}
Mame Frop Oxide Mew
W apour Fraction 0.0000
Temperature [F] 75.00
Fressure [psia] 1617
Malar Flavs [Ibmoleshr] 150.0
Mazs Flaw [Ibshi] 8712
Liquid “olume Flow [USGPM] 20.83
Heat Flow [Btuhr] -7.804e+006
—

Material Streams | Compositions I Energy Streams I Urit Ops |
ProductBlock_Prop Oxide Fluid Pkg I All ;I
FeederBlock_Frop Oxide

O Include Sub-Flowshests
[0 Show Name Oriy
[ Huarizantal M atriz Mumber of Hidden Objects: 0

Adding Another Stream

Next, you will use an alternative method for adding a stream.

1. To add the second feed stream, do any one of the following:

e Press F11.

e From the Flowsheet menu, select Add Stream.
< Double-click the Material Stream icon on the Object Palette.
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Click the Material Stream icon on the Object Palette, then click

the Palette's Add Object button.

Figure 3.40

Add Object Icon

Cage [Main) x|

T)-}

Material Stream Icon

A new stream appears in the Workbook and is named according to
the Auto Naming setting in your Session Preferences settings.

The default setting names new material streams with numbers,
starting at 1 (and energy streams starting at Q-100).

When you create the new stream, the stream’s property view also
appears, displaying the Conditions page of the Worksheet tab.

2. In the Stream Name cell, change the name to Water Feed.

These parameters are in 3. In the Temperature cell, enter 75°F.
default units, so there is .
no need to change the 4. In the Pressure cell, enter 16.17 psia.
units.
Figure 3.41
Water Feed =] E3
Worksheet Stream Mare ‘Water Feed

“Yapour / Phage Fraction

<EMpty:

Conditions Temperatuie [F] 78.00
Properties Pressure [psia] 16.17
I i Malar Flaw [Ibrmole/hr] <emply:
PR taszs Flaw [Ibshi] <emply
K Walue Std [deal Liq Val Flow [USGPM] <emply>
User Variables Maolar Enthalpy [Btulbrmole] <EMmpty:
Nk tolar Entropy [Btu/lbmale-F] CEMmplYs
otes Heat Flow [Etuhr] CEMmply:
Cost Parameters Lig %al Flow &5td Cond [barrel/day] <emply>
Fluid Package Basis-1
_—
Worksheet | Attachments | Dynamics
[ Unknown Compasitions
Delete | Define from Other Stream... e =5
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For the current
Composition Basis
setting, you want to enter
the stream composition
on a mass flow basis.

5. Select the Composition page to enter the compositional input for
the new feed stream.

Water Feed =] B3
‘Worksheet _ | hole Fraction
12C30xide <emphy:
Conditions 12-C3diol <emphy
Properties 2D <emplys

Compozition
K ¥alue

Uzer Yariables

MNaotes

Cost Parameters Totdl IU_DDDUU

Edit.. | Edit Properties. .. | Basis... |

—
Wolksheell Attachments I Dyriamics |

[ Unknown Compasitions

DEIE[BI Define from Other Stream... + =

Click the Edit button near the bottom of the Composition page. The
Input Composition for Stream view appears.

7. In the Composition Basis group, change the basis to Mass Flows
by selecting the appropriate radio button, or by pressing ALT a.

In the CompMassFlow cell for H20, type 11,000 (Ib/hr), then
press ENTER.

Figure 3.43

e

®

Input Composition for Stream: Water Feed [ ]
—Caomposition B asi
12C30xide <empty:  Mole Fractions
12-C3dial LMot  Mass Fract
HZ0 TTO0 ass Fractions
" Lig Yolume Fractions
i Mole Flows

i+ Mass Flows
" Lig Volume Flows

~Caomposition Controls————

Erase |

Mormalize |

Cancel |
Total  {11000.0000 bhr i I
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9. Since this stream has no other components, click the OK button.
The other component mass flows are forced to zero.

Figure 3.44

Input Composition for Stream: Water Feed
Comphd azF] ~Composition Basis—————
12C30x%ide 0000 i Muole Fractions
12-C3dial 0000  Mass Fraci
HZ0 TT000 0000 = el

" Lig ¥olume Fractions
i Mole Flows

" Mass Flows

i Lig Volume Flows

Composition Contiols————

Erase |

Mormalize |

Cancel |
Total  |17000.0000 bk oK. I

UniSim Design performs a flash calculation to determine the
unknown properties of Water Feed, and the status bar displays a
green OK message. Use the horizontal scroll bar in the table to view
the compositions of each phase.

Figure 3.45

Water Feed [-[O] x]
Worksheet - AoueousPhase
12C30xide 0.00000
Conditions 12-C3diol 0.00000
P . Ha0 0 11000
ropertiss
Compozition
K ¥alue
Uszer Yariables
Motes 4] _Ix
ez Total [T1030.00000 7w
Edit.. | Edit Properties. .. | Basis... |
—
Wolksheell Attachments I Dyriamics |
5
Delete | Defing from Other Stream... | + =

The compositions currently appear in Mass Flow, but you can
change this by clicking the Basis button and choosing another
Composition Basis radio button.

10. Click the Conditions page to view the calculated stream properties.
You can display the properties of all phases by resizing the property
view
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Sizing Arrow Icon

New or updated
information is
automatically and
instantly transferred
among all locations in
UniSim Design.

Workbook Icon

You can also filter the list
by selecting the Piping
Equipment radio button
in the Categories group,
then use one of the
above methods to install
the operation.

To add an operation, you
can double-clicking on a
listed operation.

Chemicals Tutorial
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11. Place the cursor over the right border of the view. The cursor

changes to a double-ended sizing arrow.

12. With the sizing arrow visible, click and drag to the right until the

horizontal scroll bar disappears, making the entire table visible.

Figure 3.46

Water Feed

[_[O]]

Worksheet Shizam Mame

‘wiater Feed

Aqueous Phase

apour / Phase Fraction

0.0000

1.0000

Conditions Temperature [F]

75.00

75.00

Properties Preszsure [pzia)

1617

1617

tdolar Flow [lbmoleshr]

E10.6

B10.6

Composit
T Mass Flow [b/hr]

1.1 00e+004

1.100e+004

K Walue

Std Ideal Lig Yol Flow [USGPM]

220

2.0

User Yariables alar Enthalpy [Bitu/lbmole]

-1.225e+005

-1.225e+005

talar Entropy [Btudbmale-F]

1.499

1.438

Hotes Heat Flow [Etushr]

-7 481 e+007

-7.481e+007

Cost Parameters

Lig %ol Flow @5td Cond [barrel/day]

7425

74258

Fluid Fackage

Basiz-1

—
Worksheet | Attachments IDynam\c:s |

T T

Diefing from Other Straam...

« =

In this case, the aqueous phase is identical to the overall phase.

13. Close the Water Feed property view to return to the Workbook.

Installing Unit Operations

Now that the feed streams are known, your next task is to install the
necessary unit operations for producing the glycol.

Installing the Mixer

The first operation is a Mixer, used to combine the two feed streams.

As with most commands in UniSim Design, installing an operation can
be accomplished in a number of ways. One methaod is through the Unit
Ops tab of the Workbook.
Click the Workbook icon to ensure the Workbook is active.
Click the Unit Ops tab of the Workbook.

Click the Add UnitOp button. The UnitOps view appears, listing all

1.
2.
3.

available unit operations.

When you click the Add button or press ENTER inside this view,
UniSim Design adds the operation that is currently selected.

Select Mixer by doing one of the following:

e Start typing mixer.
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The default naming
scheme for unit
operations can be
changed in your
Session Preferences.

 Scroll down the list using the vertical scroll bar, then select
Mixer.

Figure 3.47

-2 UnitDps - Case (Main)
Categaries A\_{‘_ailable Unit D_perat\ons
(& Al Unit Ops Fired Heater -~ Add
) Vi (Gasifier
Ff o 1 Gasifier [Pprolysiz]
(_! Heat Transfer Equipment Genesim Dperation
() Fiotating Equipment Gibbs Reactor
() Piping E quipment Header
~ 4 : Heat Exchanger
(_ Solids Handling H
= eater
O Reactors Hydrocyclone
() Prebuilt Columns L!qu!d-l__iqL_lid Extractor
(7} Shart Cut Calurrs Liquid-iquid Hydrocyclone
(;i' Sub-Flowshests LNG
= Lurmper
() Logicals
() Extensions MPC Cantraller
O User Ops OLGA Pipe .
EYEErU e E pment Parametric Unit Operation
gl PID Contraller
() Upstream Ops Fipe Seamernt
() Shadaw Plant Ops Fipesim Op
) UDP Ops PIPESTS-USD Extension

5. With Mixer selected, click the Add button, or press ENTER.

The property view for the Mixer appears.

Figure 3.48

MIX-100 [H[=] E3

Design Hame IMDH oa

Connections

—_—
Parameters

Uszer Yariables >

Mates :
—_—
Inlets DOutlet
<4 Sheam x> I 'l
Fluid Package
IBasis-1 'I

—
Design | Rating I Worksheet I Dyramics |

[ lgnomed

The unit operation property view contains all the information
required to define the operation, organized into tabs and pages. The
Design, Rating, Worksheet, and Dynamics tabs appear in the
property view for most operations. Property views for more complex
operations contain more tabs. UniSim Design has provided the
default name MIX-100 for the Mixer.

Many operations, like the Mixer, accept multiple feed streams.
Whenever you see a table like the one in the Inlets group, the
operation will accept multiple stream connections at that location.
When the Inlets table is active, you can access a drop-down list of
available streams.
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Alternatively, you can
connect the stream by
typing the exact stream
name in the
<<Stream>> cell, then
pressing ENTER.

6.

N

Next, you will complete the Connections page for the Mixer.

In the Inlets table, click in the <<Stream=>=> cell. The status
indicator at the bottom of the view indicates that the operation
needs a feed stream.

Open the drop-down list of inlets by clicking on =1 or by pressing
the F2 key then the DOWN arrow key.

Figure 3.49

HMIX-100 _[Oxl
Design Name  [MIx-100
Connections
—_—
Parameters _\
User Yariables
Mates _/
—_—
Inlets Outlet
= =
Prop Dxid:
st s | Fluid Package
Basiz-1 -
—
Designl Fating I “wforksheet I Dyriamics |
Delete ™ lgnored

©

Select Prop Oxide from the drop-down list. The Prop Oxide stream
appears in the Inlets table, and <<Stream>> automatically moves
down to a new empty cell.

In the Inlets table, click the new empty <<Stream=>> cell and
select Water Feed from the list. The status indicator now displays
‘Requires a product stream’.

.Move to the Outlet field by pressing TAB, or by clicking in the cell.
. Type Mixer Out in the cell, then press ENTER. UniSim Design

recognizes that there is no existing stream with this name, so it
creates the new stream.

Figure 3.50

MIX-100 I[=]
Design Mame |M|><'W 0o
Connections
—_—

Parameters

Uzer Vanables

Notes :
—_—

N

Inlets Outlet
Prop Oxide: Mimer Ouf -
‘wiater Feed
<< Sheam >» Fluid Package

—
Design | Rating I worksheet I Dyriamics |

Delete |

[~ lgnomed
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UniSim Design has
calculated the outlet
stream by combining
the two inlets and
flashing the mixture at
the lowest pressure of
the inlet streams. In this
case, both inlets have
the same pressure
(16.17 psia), so the
outlet stream is set to
16.17 psia.

Steady State Simulation

The status indicator displays a green OK, indicating that the
operation and attached streams are completely calculated. The
Connections page is now complete.

12.Click the Parameters page.

13. In the Automatic Pressure Assignment group, keep the default
setting of Set Outlet to Lowest Inlet.

Figure 3.51

MIX-100

Design

Connections
Parameters
User Yariables

Nates

~

—_—

Automatic Pressure Assignment———————————————

= Equalize Al
= Set Outlet to Lowest Inlst

L/

M= E3

—
Designl R ating I “wforksheet I Diynamics |

™ lanored

14. Click the Worksheet tab in the MIX-100 property view to view the

calculated outlet stream. This tab is a condensed Workbook tab

displaying only those streams attached to the operation.

Figure 3.52

I [
Worksheet Mame Frop Oxide “w'ater Feed bimer Dut
Conditions “apour 0.0000 0.0000 0.0000
) Temperatue [F] 7a.00 75.00 75.00
Piaperties Pressure [psia) 1617 16.17 16.17
Composition Molar Flow [lbmole/hr] 150.0 E10.6 7EO.G
PF Specs Masz Flow [Ib/u] &7z 1.100e+004 1.971e+004
Std Ideal Lig ol Flow [USGPM] 20.83 22m 42.84
tolar Enthalpy [Biu/lbmole] 5.203e+004 | -1.225e+005 |  -1.086e+005
tolar Entropy [Biudlbmole-F] -5.768 1.433 0.8524
Heat Flow [Bushi] 7.804e+006 | -F.481e+007 | -B.262e+007

Delete

Design |Hating Worksheet | Dynamics
-' | R [ oo

15. Close the MIX-100 property view and UnitOps view to return to the
Workbook.
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16. The new operation appears in the table of the Workbook Unit Ops
tab.

Figure 3.53

Workbook - Case [Main) | _ (O] x| I
Mame Object Type Inlet Olutlet Ignaored | Cale. Level
Prop Oxide
klX-100 Hixer 2 tdiwer Out - R00
‘wiater Feed
VewlnitOp | AddUniOp | Delete UnitQp
Material Streams I Compasitiohs I Energy Streams Uit l]psl
Prop Oride [ Include Sub-Flowsheets
‘water Feed
Mixer Ot

The table shows the operation Name, Object Type, the attached
streams (Inlet and Outlet), whether it is Ignored, and its Calc.
Level. When you click the View UnitOp button, the property view for
the currently selected operation appears. Alternatively, by double-
clicking on any cell (except Inlet or Outlet) associated with the
operation, will also open its property view.

You can also open a stream property view directly from the
Workbook Unit Ops tab. When any of the cells Name, Object Type,
Ignored or Calc. Level are selected, the gray box at the bottom of
the view displays all the streams attached to the current operation.
Currently, the Name cell for MIX-100 has focus, so the box
displays the three streams attached to this operation.

For example, to open the property view for the Prop Oxide stream
attached to the Mixer, do one of the following:

e Double-click on Prop Oxide in the box at the bottom of the view.

< Double-click on the Inlets cell for MIX-100. The property view
for the first listed feed stream, in this case Prop Oxide, appears.

Workbook Features

Before installing the remaining operations, you will examine a number
of Workbook features that allow you to access information quickly and
change how information is displayed.

Accessing Unit Operations from the Workbook

While you can easily access the property view for a unit operation from
the Unit Ops tab of the Workbook, you can also access operations from
the Material Streams, Compositions, and Energy Streams tabs.
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Any utilities attached to
the stream with focus in
the Workbook are also
displayed in (and are
accessible from) this box.

When your current location is a Workbook streams tab, the gray box at
the bottom of the Workbook view displays the operations to which the
current stream is attached. For example, click on any cell associated
with the stream Prop Oxide. The gray box displays the name of the
mixer operation, MIX-100.

If the stream Prop Oxide was also attached to another unit operation,
both unit operations would be listed in the box.

1. To access the property view for the Mixer, double-click on its name
in the gray box.

Figure 3.54

Workbook - Case (Main) Hi=l E3 I
Mame Frop Dxide “wiater Feed Miwer Qut |«
“Wapour Fraction 0.0000 0.0000 0.0000 _I
Temperature [F] 75.00 75.00 75.00
Pressure [psia] 16.17 16.17 16.17
holar Flow [Ibmale/hr] 150.0 E10.E TEOLE
Mazs Flow [Ib/hr] 8712 1.100=+004 1.971e+004
Liquid Wolume Flaw [USGPR] 2083 2201 4284
Heat Flow [Btushr] -7.804e-+006 -7.481e+007 -8.262e+007
Mame = New ™ x|

= - ) ™ P
Material Slleamsl Compositions I Energy Streams I Urit Ops |

FeederBlock_Prop Oxide Fluid Pkg I Al -

l-100
[ Include Sub-Flowshests
[l Shaw Name Only
¥ Horizontal Matrix Murnber of Hidden Objects: 1}

Adding a Tab to the Workbook

When the Workbook is active, the Workbook item appears in the
UniSim Design menu bar. This item allows you to customize the
Workbook.

Next you will create a new Workbook tab that displays only stream
pressure, temperature, and flow.
1. Do one of the following:

e From the Workbook menu item, select Setup.

e Object inspect (right-click) the Material Streams tab in the
Workbook, then select Setup from the menu that appears.
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The Workbook Setup view appears.

Figure 3.55

Setup
—wiorkbook Tab ~Tah Content:
Material Streams add | ~Object

Compozitions

MNarne: |Material Streams Order... |
Energy Streams Delsta | I

Unit 0
neoe Tupe: atenial Shream Mew Type... |

W ariabl

‘Y ariable Format Use Set... |

“apour Fraction | 1.4 fized
Temperaturs 4 sig fig Add... |
Pressure 4 sig fig
Malar Flow | 4 sig fig Delete |
M azs Flaw 4 =ig fig
Liguid Yolurne Flow 4 zig fig Fomat... |

Heat Flow 4 zig fig
Order... |

The four existing tabs are listed in the Workbook Tabs area. When
you add a new tab, it will be inserted before the highlighted tab
(currently Material Streams). You will insert the new tab between
the Materials Streams tab and the Compositions tab.

2. In the Workbook Tabs list, select Compositions, then click the Add
button. The New Object Type view appears.

3. Click the + beside Stream to expand the tree.

Figure 3.56

New Object Type [_[O] =]

El- Stream
b aterial Strearm
- Energy Stieam Cancel |
¥ Unit Operations =
b Vessels
#l- Heat Transfer Equipment
¥ Fotating Equipment
¥ Fiping Equipment
#- Solids Handling Operations
3}
3}
3}
3}
3}

|»

oK

- Reactors

- Prebuilt Colurmrs —
- Shart Cut Colurang

- Sub-Flowsheets

- Logical Dperations

o [ -

Electrolyte Equipment
.. Prafinam Nnaratione. had
1 | r

4. Select Material Stream, then click the OK button. You return to
the Setup view and the new tab, Material Streams 1, appears after
the existing Material Streams tab.

3-37



3-38 Steady State Simulation

5. In the Object group, click in the Name field and change the name
for the new tab to P,T,Flow to better describe the tab contents.

~Tah Content:
—Dbject

Mame: |P.T.Flove Order... |
Type: Matenal Shieam Mew Tvpe... |

W ariable:

‘Variable Foarmat Use Set... |
S

“Wapour Fraction || 1.4 fixed
Temperature 4 zig fig Add... |
Prezsure 4 zig fig
Molar Flow | 4 =ig fig Delete |
ass Flow 4 zig fig
Std |deal Lig Yol Flow 4 sig fig Fommat.. |

Heat Flow 4 sig fig
balar Enthalpy 4 zig fig Order... |

The next task is to customize the tab by removing the variables that
are irrelevant.

o

In the Variables table, select the first variable, Vapour Fraction.

N

Press and hold the ctrl key.

©

Select the following variables: Mass Flow, Heat Flow, and Molar
Enthalpy.

9. Release the CTRL key.

If you want to remove 10. Click the Delete button beside the table to remove the selected
variables from another

tab, you must edit each variables from this Workbook tab only. The finished Setup appears
tab individually. in the figure below.

Figure 3.58

—workbook T ab —Tab Content:

Material Streams Add | ~Object
P.T Flow

e Mame: |P.T Flow Order... |
Compositions Dialste | I

Energy Streams

Unit Ops Type: 4 aterial Stream Mew Type... |

Y ariable:

‘ariable Fomat LUse Set.. |
Temperature 4 zig fig
Fressure 4 sig fig Add...
talar Flaw 4 sig fig
Std Ideal Liq Yol Flow 4sighig | |i Delete ™

Format... |

Order... |
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@

PFD Icon

Like any other non-
modal view, the PFD
view can be re-sized by
clicking and dragging
anywhere on the
outside border.

11. Close the Setup view. The new tab appears in the Workbook.

Figure 3.59

Workbook - Case (Main) |_ (O] x|
Mame Frop Oxide ‘wiater Feed Mixer Out | =]
Temperature [F] 75.00 75.00 75.00 _‘
Pressure [psia] 1617 16.17 16.17
Malar Flow [Ibraole/hr] 150.0 E10.6 7B0.6
Std I deal Lig Vol Flow [USGPM] 20.83 220 42.84
Mame = New ™
Temperature [F]

Pressure [psia]
Malar Flaw [lbrmaledhr] L‘

N tdaterial Streamz  P.T .Flow | Compositions I Energy Streams IUnitDpsI

FeedeBlock_Prop Oxide Fluid Phkg | &1 v
Hlx-100 : I _I

O Include Sub-Flawshests
] Show Name Oy
[¥ Horizontal Matrix Mumber of Hidden Objects: 1}

12. Save the case.

3.2.7 Installing Equipment on the
PFD

Besides the Workbook, the PFD is the other main view in UniSim Design
you will use to build the simulation.

1. To open the PFD, click the PFD icon on the toolbar. The PFD item
appears in the UniSim Design menu bar whenever the PFD has

focus.
When you open the PFD view, it appears similar to the one shown
below.
Figure 3.60
P Caso i BED
HHE Hid DA 7 @8 @ [Delach Colow Seheme

Prop
Oxide

Water Feed

MIX-100

tF‘FD1

As a graphical representation of your flowsheet, the PFD shows the
connections among all streams and operations, also known as
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MLx-100

Product Temperature 75,00 F
Product Pressure 16.17 psia
Product Molar Flow 760.6 Ibrnalefbr

Fly-by information

@ | Size Icon

E Zoom Out 25%
I—I Display Entire
LW PFD

Zoom In 25%
°

These are the UniSim
Design default colours;
you may change the
colours in the Session
Preferences.

“objects”. Each object is represented by a symbol, also known as an
“icon”. A stream icon is an arrow pointing in the direction of flow, while
an operation icon is a graphic representing the actual physical
operation. The object name, also known as a “label”, appears near each
icon.

The PFD shown above has been rearranged by moving the Prop Oxide
feed stream icon up slightly so it does not overlap the Water Feed
stream icon. To move an icon, simply click and drag it to a new
location. You can click and drag either the icon (arrow) itself, or the
label (object name), as these two items are grouped together.

Other functions that can be performed while the PFD is active include
the following:

e Access commands and features through the PFD tool bar.
= Open the property view for an object by double-clicking its icon.
= Move an object by clicking and dragging it to the new location.

e Access “fly-by” summary information for an object by placing
the cursor over it.

= Size an object by clicking the Size icon, selecting the object,
then clicking and dragging the sizing "handles" that appear.

< Display the Object Inspection menu for an object by placing the
cursor over it and right-clicking. This menu provides access to a
number of commands associated with the particular object.

e Zoom in and out, or display the entire flowsheet in the PFD
window by clicking the zoom buttons at the bottom left of the
PFD view.

Some of these functions will be illustrated in this tutorial; for more
information, refer to the UniSim Design User Guide.

Calculation Status

UniSim Design uses colour-coding to indicate calculation status for
objects, both in the object property views, and in the flowsheet. If you
recall, the status bar indicator at the bottom of a property view for a
stream or operation indicates the current state of the object:

Indicator Status Description

Red Status A major piece of defining information is missing from
the object. For example, a feed or product stream is
not attached to a Separator. The status indicator is red
and an appropriate warning message is displayed.
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Notice that the icons for
all streams installed to
this point are dark blue.

2

CSTR Icon

X

Cancel Icon

Indicator Status ‘ Description

Yellow Status All major defining information is present, but the
stream or operation has not been solved because one
or more degrees of freedom is present. For example, a
Cooler whose outlet stream temperature is unknown.
The status indicator is yellow and an appropriate
warning message is displayed.

Green Status The stream or operation is completely defined and
solved. The status indicator is green and an OK
message is displayed.

When you are in the PFD, the streams and operations are colour-coded
to indicate their calculation status. If the conditions of an attached
stream for an operation were not entirely known, the operation would
have a yellow outline indicating its current status. For the Mixer, all
streams are defined, so it has no yellow outline.

Another colour scheme is used to indicate the status of streams. For
material streams, a dark blue icon indicates the stream has been
flashed and is entirely known. A light blue icon indicates the stream
cannot be flashed until some additional information is supplied.
Similarly, a dark red icon is for an energy stream with a known duty,
while a purple icon indicates an unknown duty.

Installing the Reactor

Next, you will install a continuously-stirred-tank reactor operation
(CSTR). You can install streams or operations by dropping them from
the Object Palette onto the PFD.

1. Ensure that the Object Palette is displayed; if it is not, press F4.

2. You will add the CSTR to the right of the Mixer, so if you need to
make some empty space available in the PFD, scroll to the right
using the horizontal scroll bar.

3. In the Object Palette, click the CSTR icon.
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|

Attach Mode Icon

Steady State Simulation

Position the cursor in the PFD to the right of the Mixer Out stream.
The cursor changes to a special cursor with a plus (+) symbol
attached to it. The symbol indicates the location of the operation
icon.

PFD - Case (Main) H[=] E3
H E;ﬂ E | Eﬂ E:E |,O A b E & | Default Colour Scheme vl
=
Prop
Oxide
Mixer Out -
ater o0 +
SiiEal] 4 o[
e

Click to “drop” the Reactor onto the PFD. UniSim Design creates a
new Reactor with a default name, CSTR-100. The Reactor has
red status (colour), indicating that it requires feed and product
streams.

Attaching Streams to the Reactor

1.

Click the Attach Mode icon on the PFD toolbar to enter Attach
mode.

The Attach Mode button stays active until you click it again to return
to Move mode.

When you are in Attach mode, you will not be able to move objects
in the PFD. You can temporarily toggle between Attach and Move
mode by holding down the cTrL key.
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2. Position the cursor over the right end of the Mixer Out stream icon.
A small white box appears at the cursor tip with a pop-up
description ‘Out’, indicating that the stream outlet is available for
connection.

Figure 3.62

=
Prop
Oide

Water
Feed

3. With the pop-up ‘Out’ visible, click and hold the mouse button. The
transparent box becomes solid black, indicating that you are
beginning a connection.

Multiple connection 4. Move the cursor toward the left (inlet) side of the CSTR-100 icon. A
points appear because line appears between the Mixer Out stream icon and the cursor,

the Reactor accepts . . . .
multiple feed streams. and multiple connection points (blue) appear at the Reactor inlet.

5. Place the cursor near a connection point until a solid white box
appears at the cursor tip, indicating an acceptable end point for the
connection.

Figure 3.63

Fro
Oxﬁe
E%er
Moo

Water CSTR-100
Feed

6. Release the mouse button, and the connection is made between the
stream and the CSTR-100 inlet.

7. Position the cursor over top right-hand corner of the CSTR-100
icon. The white box and the pop-up ‘Vapour Product’ appear.

8. With the pop-up visible, left-click and hold. The white box again
becomes solid black.

9. Move the cursor to the right of the CSTR-100. A stream icon

Hﬂ | appears with a trailing line attached to the CSTR-100 outlet. The
stream icon indicates that a new stream will be created when you
Break Connection complete the next step.
Icon
Figure 3.64
Mixer Out .
CSTR-100
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If you make an incorrect

connection, break the

connection and try

again.

1. Click the Break
Connection icon on
the PFD tool bar.

2. Place the cursor over
the stream line you
want to break. The
cursor shows a
checkmark,
indicating an
available connection
to break.

3. Click once to break
the connection.

10.

11.

12.

With the stream icon visible, release the left mouse button. UniSim
Design creates a new stream with the default name 1.

Place the cursor over the bottom right connection point on the
reactor labeled ‘Liquid Product’, then click and drag to the right to
create the reactor’s liquid product stream. The new stream is given
the default name 2.

Place the cursor over the bottom left connection point on the reactor
labeled ‘Energy Stream’, then click and drag down and to the left to
create the reactor’s energy stream. The new stream is automatically
named Q-100.

The reactor still displays a red warning status, indicating that all
necessary connections have been made, but the attached streams
are not entirely known.

Figure 3.65

CSTR-100
Q-100

13.
14.
15.

16.

17.

Click the Attach Mode icon again to return to Move mode.
Double-click the stream icon 1 to open its property view.

In the Stream Name cell, enter the new name Reactor Vent, then
close the property view.

Double-click the stream 2 icon. Rename this stream Reactor
Prods, then close the property view.

Double-click the Q-100 icon, rename it Coolant, then close the
view.

The reactor outlet and energy streams are unknown at this point, so
they are light blue and purple, respectively.

Completing the Reactor Specifications

1.
2.

Double-click the CSTR-100 icon to open its property view.

Click the Design tab, then select the Connections page (if
required). The names of the Inlet, Outlet, and Energy streams
that were attached before appear in the appropriate cells.
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3. In the Name cell, change the operation name to Reactor.

Figure 3.66

Reactor [_ O]
Design MHame |Reactor
Connections
Parameters Irlets Wapour Outlet
User Yariables Mizer Clut Reactor Yent -
<< Shream »» I
Haotes
_—
- —
Energy [Optiohal) 1 Liquid Qutlet
‘Ennlant j ‘F\eactnr Priods j
|
Fluid Package | Basiz-1 i?

=
Design | Reactions J Rating J Workzhest J Diynamics J

Drelete | | i e S [ lonored

4. Select the Parameters page. For now, the Delta P and the
Volume parameters are acceptable at the default values.

5. Select the Cooling radio button. This reaction is exothermic
(produces heat), so cooling is required.

Figure 3.67

Reactor JS[=]
Design
Connections
Parameters [~ Single Phase
User Variables Deta P ’7&0000 P e
Mates ‘<amply>
Liquid Level
_
G0.00 %
© Heaing (% Liquid Yolume
< empkyr
Dty | I

t Design | Reactions J Rating J ‘wiorksheet J Dynamics |

Drelet | | e S [ [orored

6. Click the Reactions tab. Next you will attach the Reaction Set that
you created in the Basis Environment.
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7. From the Reaction Set drop-down list, select Set-1. The

completed Reactions tab appears below.

Figure 3.68

Reactor - Set-1

~Reaction Informatior

(0] ]

Reactions
Details FRieaction Set

Results Speciics  * Stoichiometry " Basis Yiew Reaction |

Beaction I Rxn-1 vl

Stoichiometry
Component bl bt Stoich Coeff

H20 18.015 -1.000

12C30xide 58.080 -1.000

12-C3diol 7E.098 1.000

“#dd Comp™

Balance Eror | 0.00000
Feaction Heat (25°C) | -3.9e+04 Btu/bmole

Design Fleaclionsl Rating I ‘worksheet I Dynamics |

Dte | IS | oo

The next task is to specify the Vessel Parameters. In this Tutorial,

the reactor has a volume of 280 ft3 and is 85% full.

8. Click the Dynamics tab, then select the Specs page.

9. In the Model Details group, click in the Vessel Volume cell. Type

280 (ft3), then press ENTER.

10. In the Lig Volume Percent cell, type 85, then press ENTER.

UniSim Design automatically calculates the Liquid Volume in the
vessel (280 ft3 x 85% full = 238 ft3), displayed on the Parameters

page of the Design tab.

Figure 3.69

5 Reactor - Set-1

Dynamics Madel Details
Specs (@) Initialize From Products Wessel Vplume [ft3] 280.0 |
() Dy Startup Wezsel Diameter [ft] 6.154
Heoldup O Iritialize: From Ussr Height [ft] ) 3291
ShipChart Lig ¥olume Percent [%] a5.00

Heat Exchanger Lewel Calculator

Enable Explicit Reaction Calculations

Dynamic Specifications

Fraction Calculator | Use levels and nozeles

| \Yertical cylinder

Feed Delta P [psi] |_|
Wesszel Pressure [psia] |

L0000
18171 O

Design J Feactions J Fating J ‘Worksheet  Dynamics

Y |-
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11. Click on the Worksheet tab.

Shescton gy g g |
Worksheet MHame Mizer Out | Feactor Prods | Reactor Vent Coalant
-~ Wapour 0.0000 0.0000 1.0000 <emphys
Conditions Temperature [F] 75.00 <emphys <Lemply <emphy>
Properties Pressure [psia] 16.17 16.17 16.17 <emphys
P tolar Flaw [lbrale/hr] 7E0.E <empys LEmplys <emphys
Eleesiien Masz Flow [Ib/hir] 1.971e+004 < Empkys {EMmplys < Empty
PF Specs Std Ideal Lig Yol Flow [USGPM] 4784 <Emphy <Empity: <empty>
tolar Enthalpy [Bbu/lbmale] -1.086e+005 <emphy: <emply> <emphy:
Malar Entropy [Btudlbmale-F] 0.8524 <emptys <emplys <emphy>
Heat Flow [Btuthr] -8.262e+007 <emphys {emplys <emphy:

_ Design I Reactions IHatlng Worksheet | Dynanics |

Delete | Unknown Duty ™ lgnored

At this point, the Reactor product streams and the energy stream
Coolant are unknown because the Reactor has one degree of
freedom. At this point, either the outlet stream temperature or the
cooling duty can be specified. For this example, you will specify the
outlet temperature.

Initially the Reactor is assumed to be operating at isothermal
conditions, therefore the outlet temperature is equivalent to the
feed temperature, 75°F.

12.In the Reactor Prods column, click in the Temperature cell. Type
75, then press ENTER. UniSim Design solves the Reactor.

Figure 3.71

Reactor - Set-1 !E[ E
Worksheet Marme Miwer Out | Reactor Prods | Reactor Went Coalant
. W apour 0.0000 0.0000 1.0000 <emphys
Eendiors Temperaturs [F] 7Em 7500 7Em <empty>
Properties Preszure [psia] 16.17 16.17 16.17 <Empty:
a tolar Flow [lbrmale/hr] TE0.E F00.2 0.0000 <emphys
Bl Mass Flaw [Ib/hr] 1. 077e+004 | 1.977e+004 0.0000 <empty>
PF Specs Std Idzal Lig Yol Flow [USGPM] 42.84 41.10 0.0000 <empy>
talar Enthalpy [Bhu/lbmals] -1.086e+005 -1.214e+005 -5.030e+004 <empty:
Malar Entropy [Btudlbmale-F] 0.8524 06769 2068 <emphys
Heat Flow [Btushr] -8.262e+007 -8.49%e+007 0.0000 2.372e+008

Design I Reactions I Rating Wulksheell Diynamics |

Deicie | I [ ororcd

There is no phase change in the Reactor under isothermal
conditions since the flow of the vapour product stream Reactor
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Vent is zero. In addition, the required cooling duty has been
calculated and is represented by the Heat Flow of the Coolant
stream. The next step is to examine the Reactor conversion as a
function of temperature.

13.Click the Reactions tab, then select the Results page. The
conversion appears in the Reactor Results Summary table.

Figure 3.72

Reactor - Set-1 |_ (O] x|

Reactions ~Reaction Resultz Summary

. i+ Heachon Extents i~ Reaction Balance
Act % Chw. Base Camp Rxh Extent
Results Rl 4030 | 12Canside B0.45

Design Heacliunsl R ating I ‘Worksheet I Diynamics |

Deiie | I [ oo

Under the current conditions, the Actual Percent Conversion (Act.%6
Cnv.) in the Reactor is 40.3%. You will adjust the Reactor
temperature until the conversion is in the 85-95% range.

14. Click the Worksheet tab.
15. In the Reactor Prods column, change the Temperature to 100°F.

16. Return to the Reactions tab to check the conversion, which has
increased to 72.28% as shown below.

Reaction Results Surmrmar

& {feaction Extents ¢~ Reaction Balance
Act_% Chw, Base Comp Fisn Extent
Rin-1 7228 12C30xide 108.4

17.Return to the Worksheet tab, and change the Temperature of
Reactor Prods to 140°F.
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H

Distillation Column Icon

The Input Expertis a
logical sequence of input
views that guide you
through the initial
installation of a Column.
Complete the steps to
ensure that you have
provided the minimum
amount of information
required to define the
column.

The Input Expertis a
Modal view, indicated by
the absence of the
Maximize/Minimize
icons. You cannot exit or
move outside the Expert
until you supply the
necessary information,
or click the Cancel
button.

18. Click the Reactions tab again and check the conversion. The
conversion at 140°F is approximately 95%, which is acceptable.

Feaction Fesults Summary

" Feaction Balance

Act % Cnv. | BaseComp | FsnEstent |
Rin-l 9470 12C30xide 1420

19. Close the Reactor property view.

Installing the Column

UniSim Design has a number of pre-built column templates that you
can install and customize by changing attached stream names, number
of stages, and default specifications. For this example, a Distillation
Column will be installed.

1. Before installing the column, click the Tools menu and select
Preferences.

2. On the Simulation tab, click on the Options page and ensure that
the Use Input Experts checkbox is selected (checked), then close
the view.

3. Double-click the Distillation Column icon on the Object Palette.
The first page of the Input Expert appears.

Figure 3.75

Distillation Column Input Expert
Condenser Energy Stream h Tt
" Total :lv
Column Mame |T-100 0 & Partial Ovhd Outlets
" Full Rflx -
1
2 [ ‘water Draw
Inlet Streams
Stream [ Irlet Stage | # Stages Optional Side Draws
i< Stream »> ne E | Slream | Tupe [ Draw Stage [
<< Stream »»
-1 Reboiler Energy Stream
Bottoms Liguid Outlst
Stage Numbering | el | j

' Top Down " Bottam Up

Connections [page 1 of 4] LCancel

4. For this example, 10 theoretical stages are used, so leave the #
Stages at its default value.

5. In the Inlet Streams table, click in the <<Stream=>=> cell.
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When you install a column
using a pre-built template,
UniSim Design supplies
certain default
information, such as the
number of stages. The #
Stages field contains 10
(default number of
stages). Note the
following:

* These are theoretical
stages, as the
UniSim Design
default stage
efficiency is one.

* The Condenser and
Reboiler are
considered separate
from the other
stages, and are not
included in the #
Stages.

Steady State Simulation

6. From the drop-down list of available inlet streams, select Reactor

Prods as the feed stream to the column. UniSim Design supplies a

default feed location in the middle of the Tray Section (TS), in this
case stage 5 (indicated by 5_Main TS).

7. In the Condenser group, ensure the Partial radio button is

selected, as the column will have both Vapour and Liquid Overhead

Outlets.
8. In the Column Name field, change the name to Tower.
9. In the Condenser Energy Stream field, type CondDuty, then press

ENTER.
10. In the top Ovhd Outlets field, type OvhdVap, then press ENTER.

In the bottom Ovhd Outlets field, type RecyProds, then press
ENTER.

11.In the Reboiler Energy Stream field, type RebDuty, then press
ENTER.

12. In the Bottoms Liquid Outlet field, type Glycol, then press
ENTER.

When you are finished, the Next button becomes active, indicating

sufficient information has been supplied to advance to the next
page of the Input Expert. The first page of the Input Expert
should appear as shown in the following figure.

Distillation Column Input Expert | x|
Condenser Energy Stream Im Condenser——
= IDvthap -
 Total
Colurmn Mame: ITower o Oxhd Outlets
IHecyF'lods -
1
2 [~ Wwater Draw
Inlet Streams
Siream | Inlet Stage | # Stages Optional Side Draws
eactor Prods 5__Mair
- — o =I1U - = Stream Tupe [ DrawStage |
< Stream »> i< Sheam »>
-1 Reboiler Energy Stream
n I
[ =1 Battoms Liguid Outlzt
Stage Nurnberin | el IGI-"'°°| LI
= Top Down " Bottom Up
< Fiey, | Next > | Connhections (page 1 of 4] Lancsl |

13. Click the Next button to advance to the Pressure Profile page.
14. In the Condenser Pressure field, enter 15 psia.
15. In the Reboiler Pressure field, enter 17 psia.
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Leave the Condenser Pressure Drop at its default value of zero.

Figure 3.77

Distillation Column Input Expert

Condenser Pressure

15.00 psia

Condenser Pressure Drop
0.0000 psi

Fieboiler Pressue
< Prev | et > | Pressure Prafile [page 2 of 4] Lancel
Although UniSim Design 16. Click the Next button to advance to the Optional Estimates page.

does not require

i For this example, no estimates are required.
estimates to produce a

converged column, you 17.Click the Next button to advance to the fourth and final page of the
should provide estimates Input Expert. This page allows you to supply values for the default
for columns that are L . L .

difficult to converge. column specifications that UniSim Design has created.

In general, a Distillation Column has three default specifications.
The overhead Vapour Rate and Reflux Ratio will be used as
active specifications, and later you will create a glycol purity
specification to exhaust the third degree of freedom. The third
default specification, overhead Liquid Rate, will not be used.

The Flow Basis applies 18. In the Vapour Rate field, enter O Ibmole/hr.

to the Vapour Rate, so i .

leave it at the default of 19. In the Reflux Ratio field, enter 1.0.

Molar.

Figure 3.78
Distillation Column Input Expert

\apour Rate [0.000000
Liguid Rate

Reflux R atio

< Prev Done.. | Side Ops » | Specifications [page 4 of 4] Lancel
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You can also change
specification values,
and activate or de-
activate specifications
used by the Column
solver directly from the
Monitor page.

Add Specs - Tower [CO._.

Column Specification Types

Column Cald Properties Spec
Ci

Caolumn Component Recoven
Column Cut Paint

Calumn Draw R ate

Column DT [Heater/Cooler) Spec
Column Dt Spec

Calumn Duty

Column Duty Fatio

Column Feed R atio

Calumn Gap Cut Point

Columnn Liquid Flaw

Column Physical Properties Spec
Calumn Pump Around

Column Reboil Ratio Spec
Calumn Recovery

Column Reflux Feed Ratio Spec
Column Reflux Fraction Spec
Column Reflux: Ratio

Column Tee Split Spec

Column Temperature

Caolumn Transport Properties Spec
Column User Praperty Spec
Calumn Vapour Flow

Column Y apour Fraction Spec
Column Y apour Pressure Spec

Add Speclz]...

20. Click the Done button. The Column property view appears.
21.0n the Design tab, select the Monitor page.

Figure 3.79

Column: Tower / COL1 Fluid Pkg: Basis-1 / UNIQUAL - Ideal

g il
Design ORI i - | Al Temperre s Trag oston o Top

{ " Input Summar, “iew Initial E stimates... iLm

Connections L 4 =

Monitor g E quiliom Heat 7 5 o Tz imm

{11 e =
. ] ilibrium eat eC £ Press com
[P " Flows +om

Specs Summary sl

Subcoaling iy F [ 5 8 o a2

Notes

S pecification:
Specified Yalue Current Yalue . Eror Active | Estimate) Curent
Reflux Fatio 1.000 <emplyy <emphy> v = v
Ovhd%ap Rate 0.0000 Ibrnale.hr 7.94e013 0.0000 | [ [
Distillate Rate <emphys <emphy> <emply> v v v
Reflux Rate < emphys <emphy> <empys _ ~a ul
Btms Prod Rate < emphys <emphyy <emphys [ ~ ul
Wiew... | Add Spec... | Group Active | Update Inactive | Deqrees of Fresdom IU
—
Designl Parameters I Side Ops IFlating I ‘Worksheet I Performance I Flowisheet I Reactions I Dynamics I Carrelations
Delete | Colurmn Enviranment... | Fur | Feset | [ Unconverged | [V Update Outlets [~ Ignored

The Monitor page displays the status of your column as it is being
calculated, updating information with each iteration.

Adding a Column Specification

The current Degrees of Freedom is zero, indicating the column is ready
to be run, however, the Distillate Rate (Overhead Liquid Rate for which
no value was provided in the Input Expert) is currently an Active

specification with a Specified Value of <empty>. For this example, you
will specify a water mole fraction of 0.005 in the Glycol product stream.

1.

Since it is not desirable to use this specification, clear the Active
checkbox for the Distillate Rate. The Degrees of Freedom increases
to 1, indicating that another active specification is required.

On the Design tab, select the Specs page.

In the Column Specifications group, click the Add button. The
Add Specs view appears.

Select Column Component Fraction as the Specification Type.
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5. Click the Add Spec(s) button. The Comp Frac Spec view appears.

Figure 3.80

Comp Frac Spec: Comp Fraction [HE E3

Name Comp Fraction
Stage << Stage »>
Flows Basis Male Fraction
Phase Liquid
Spec Value <emply>
Compaohents: << Component >3
Target Type " Shream = Slage

=
Parameters | Summary Spec Type

Delete

6. In the Name cell, change the name to H20 Fraction.
7. In the Stage cell, select Reboiler from the drop-down list.

Comp Frac Spec: H20 Fraction o] x|
Mame H20 Fraction
Stage =
Flow Basiz 5 Main TS -
Phase & Main T35
Spec Value 7_Ma!n T8

8 Main TS
Companents 9_Main TS5
10 Main TS I
Rebailsr s
Target Type i~ Stream i+ Stage
Parameters Spec Type [
Delete

8. In the Spec Value cell, enter 0.005 as the liquid mole fraction
specification value.

9. In the Components list, click in the first cell labeled
<<Component>=>, then select H20 from the drop-down list of
available components.

Figure 3.82

Comp Frac Spec: H20 Fraction  [HE E3
Name HZ20 Fraction
Stage Reboller
Flow B asiz Male Fraction
Phaze Liguid
Specalue 5.000e-003
Companents: H20

<< Companent >»
Target Tupe = Stream {+ Stage
Parameters | Summary Spec Type
Delete |
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If you want to view
the entire
Specifications table,
re-size the view by
clicking and dragging
its bottom border.

UniSim Design
automatically made the
new specification Active
when you created it.

10. Close this view to return to the Column property view. The new
specification appears in the Column Specifications list on the
Specs page.

11. Return to the Monitor page, where the new specification appears at
the bottom of the Specifications list.

12.Click the Group Active button to bring the new specification to the
top of the list, directly under the other Active specifications.

Figure 3.83
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The Degrees of Freedom has returned to zero, so the column is
ready to be calculated.

Running the Column

1. Click the Run button to begin calculations, and the information
displayed on the page is updated with each iteration. The column
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converges quickly, in five iterations.

3-55
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The converged temperature profile appears in the upper right
corner of the view.

Select the Press or Flows radio button to view the pressure or flow
profiles.

To access a more detailed stage summary, click the Performance
tab, then select the Column Profiles page.

Figure 3.85
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Accessing the Column Sub-flowsheet

When considering the column, you might want to focus only on the
column sub-flowsheet. You can do this by entering the column

environment.

1. Click the Column Environment button at the bottom of the
property view. While inside the column environment, you can do the

following:

< View the column sub-flowsheet PFD by clicking the PFD icon.

< View a Workbook of the column sub-flowsheet objects by
clicking the Workbook icon.

e Access the "inside" column property view by clicking the
Column Runner icon. This property view is essentially the
same as the "outside", or Main Flowsheet, property view of the

column.

The column sub-flowsheet PFD and Workbook appear in the

following figures.

Figure 3.86
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Ky

Enter Parent Simulation

Environment Icon

Figure 3.87

Workbook - Tower (COL1}) | _ (O] x| I
Mame Reflus | Ta Condenser Bailup Tao Rebailer Ovhdvap | |
Wapour Fraction 0.0000 1.0000 1.0000 0.0000 1.0000 )|
Temperature [F] 159.0 2122 3757 360.0 159.0
Prezsure [pzia] 15.00 15.00 17.00 17.00 15.00
balar Flow [Ibmale/hr] 475.8 951.6 817.8 960.6 1.657e-005
tass Flow [Ib/hr] 8330 1.778e+004 E.00Be-+004 7.085e+004 7.607e-004
Liquid Yolume Flow [UISGP] 17.97 35.94 115.4 1361 1.783=-006
Heat Flow [Bhuhr] -5.700e+007 -9.65Re+007 -1.393e+008 -1.8659e+008 -0.9611
Mame RecyProds Glycol | Reactor Prods = M e =
YYapour Fraction 0.0000 0.0000 0.0000
Temperature [F] 159.0 3757 1400
Prezsure [pzia] 15.00 17.00 1617
bolar Flow [Ibmale/hr] 475.8 1428 E18.5 |

i Material Streams I Compositions I Energy Streams I Unit Ops |
_ Fluid Pka [ &1 |
Condenser
[0 Show Name Orly
[¥ Horizontal Matrix Murnber of Hidden Objects: 1}

2. When you are finished in the column environment, return to the
Main Flowsheet by clicking the Enter Parent Simulation
Environment icon.

3. Open the PFD for the Main Flowsheet and select Auto Position All
from the PFD menu. UniSim Design arranges your PFD in a logical
manner.

Moving Objects and Labels in a PFD

The PFD below has been customized by moving some of the stream
icons. To move an icon, simply click and drag it to the new location.

You can also move a stream or operation label (name).
1. Right-click on the label you want to move.

2. From the menu that appears, select Move/Size Label. A box
appears around the label.

3. Click and drag the label to a new location, or use the arrow keys to

move it.
Figure 3.88
P =
OE?.SE Reactor Ovhdvap
Vent Ly
N CondDuty
%’Iﬂrer — |
Water ut Reactor
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L)

Object Navigator Icon

3.2.8 Viewing Results

1.

Click the Workbook icon to access the calculated results for the

Main Flowsheet.

The Material Streams tab and Compositions tab of the Workbook

appears below.

Figure 3.89
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Using the Object Navigator

If you want to view the calculated properties of a particular stream or

operation, you can use the Object Navigator to quickly access the

property view for any stream or unit operation at any time during the

simulation.
1.

To open the Navigator, do one of the following:
< Click the Object Navigator icon.
e Press F3.
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You can control which
objects appear by
selecting a different Filter
radio button. For
example, to list all
streams and unit
operations, select the All
button.

You can start or end the
search string with an
asterisk (*), which acts as
a wildcard character. This
lets you find multiple
objects with one search.
For example, searching for
VLV* will open the
property view for all
objects with VLV at the
beginning of their name.

e From the Flowsheet menu, select Find Object.
< Double-click on any blank space on the UniSim Design Desktop.

The Object Navigator view appears.

Figure 3.90

Dbject Navigator M= B3
Flowshests—————————— ~Unit Dperation: Filter
TSN - [ BT Al
Tower [COL1) Reactor  Sheams
T
OHer & UnitOps
i Logicals
i~ Custom
Setup Customn |
Build Find. |[ view | Cancel |

The UnitOps radio button in the Filter group is currently selected, so
only the Unit Operations appear in the list of objects.

2. To open a property view, select the operation in the list, then click
the View button or double-click on the operation name.

w

You can also search for an object by clicking the Find button.

P

When the Find Object view appears, enter the object name, then
click the OK button. UniSim Design opens the property view for the
object you specified

Using the Databook

The UniSim Design Databook provides you with a convenient way to
examine your flowsheet in more detail. You can use the Databook to
monitor key variables under a variety of process scenarios, and view
the results in a tabular or graphical format.

1. Before opening the Databook, close the Object Navigator and
any property views you might have opened using the Navigator.

2. To open the Databook, do one of the following:

e Press CTRL D.
e From the Tools menu, select Databook.
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To edit any of the
Objects in the
Databook:

1. Select the Object
you want to edit.

2. Click the Edit
button.

The Variable Navigator is
used extensively in
UniSim Design for
locating and selecting
variables. The Navigator
operates in a left-to-right
manner—the selected
Flowsheet determines
the Object list, the
chosen Object dictates
the Variable list, and the
selected Variable
determines whether any
Variable Specifics are
available.

Steady State Simulation

The Databook view appears.

# DataBook

Ayailable Data Entries
Object Wariable
Ingert...
Delete ALL
Del &l Unused
[ Insert Object &nd " ariable Groups... l | Insert Object And Wariable Pairs... ]
= Variables ‘ Process Data Tables J Strip Charts J D'ata Fecorder J Case Studies ]:uac Scenarios r

The first task is to add key variables to the Databook. For this
example, the effects of the Reactor temperature on the Reactor
cooling duty and Glycol production rate will be examined.

On the Variables tab, click the Insert button. The Variable
Navigator appears.

In the Object Filter group, select the UnitOps radio button. The
Object list is filtered to show unit operations only.

In the Object list, select Reactor. The variables available for the
Reactor object appear in the Variable list.

In the Variable list, select Vessel Temperature. Vessel
Temperature appears in the Variable Description field. You can
edit the default variable description.

Figure 3.92
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7. In the Variable Description field, rename the variable Reactor
Temp, then click the OK button. The variable now appears in the

Databook.
Figure 3.93
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8. To add the next variable, click the Insert button. The Variable
Navigator appears.

9. In the Object Filter group, select the Streams radio button. The
Object list is filtered to show streams only.

10. In the Object list, select Coolant in the Object list. The variables
available for this stream appear in the Variable list.

11. In the Variable list, select Heat Flow.

Figure 3.94
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Wariable Descriptior:

12. In the Variable Description field, change the description to
Cooling Duty, then click the Add button. The variable now appears
in the Databook and the Variable Navigator view remains open.

13. In the Object list, select Glycol. In the Variable list, select Liq Vol
Flow@Std Cond. Change the Variable Description for this
variable to Glycol Production, then click the Add button.
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The three variables that
you added to the
Databook appear in the
table on this tab.

14. Click the Close button to return to the Databook view. The
completed Variables tab of the Databook appears below.

Figure 3.95
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Now that the key variables have been added to the Databook, the

next task is to create a data table in which to display these

variables.

15. Click the Process Data Tables tab.
16. In the Available Process Data Tables group, click the Add button.

UniSim Design creates a new table with the default name

ProcDatal.

Figure 3.96

# DataBook
Available Process Data Tables

Individual Process Data Selection
Process Data Table ProcD atal
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Reactor Prods Reactor Temp (]
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17.1n the Process Data Table field, change the name to Key

Variables.
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18. In the Show column, activate each variable by clicking on the
corresponding checkbox.

Individual Process D ata Selection

Frocess Data Table IKe}l “ariables
Obiject Wariable Show_|
Feactor Feactor Temp ~
Coalant Coaling Duty v
Glycol Glycol Production v

19. Click the View button to view the new data table.

Figure 3.98

-1 Key Variables Data

Object ariable Walue Lnits Tag Access |

1 Coalant Cooling Duty | 4.815e+006 | kJ/h MoTag | MoTran

2 Glycol | Glycol Production 4757 | m3th MoTag | Mo Tran

3 Reactor Temp 60.00 C MoTag | Mo Tran
P Sart by (%) None (O Object (O 7Tag

This table will be accessed again later to demonstrate how its
results are updated whenever a flowsheet change is made.

20. For now, click the Minimize icon in the upper right corner of the
Key Variables Data view. UniSim Design reduces the view to an
icon and places it at the bottom of the Desktop.

Before you make changes to the flowsheet, you will record the
current values of the key variables. Instead of manually recording
the variables, you can use the Data Recorder to automatically
record them for you.

21.Click the Data Recorder tab in the Databook.

Figure 3.99
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Steady State Simulation

When using the Data Recorder, you first create a Scenario
containing one or more of the key variables, then record the
variables in their current state.

22.1n the Available Scenarios group, click the Add button. UniSim
Design creates a new scenario with the default name Scenario 1.

23.In the Data Recorder Data Section group, activate each variable by
clicking on the corresponding Include checkbox.

Figure 3.100
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24. Click the Record button to record the variables in their current

state. The New Solved State view appears, prompting you for the
name of the new state.

25.1n the Name for New State field, change the name to Base Case,
then click OK. You return to the Databook.

26. In the Available Display group, select the Table radio button, then
click the View button. The Data Recorder view appears, showing

the values of the key variables in their current state.

EBX

- Data Recorder. - Main

State

Cooling Dty [Btudhr]
Glyeal Production [UY
Reactar Temp [F]

Base Caze I |

4.480e+00E
078
140.0

—
Scenario 1

() Table (O Graph ) Transpose Table

Re-Humber ] [

Setup...
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L)

Object Navigator
Icon

Now you can make the necessary flowsheet changes and these
current values remain as a permanent record in the Data Recorder
unless you choose to erase them.

27.Click the Minimize icon on the Data Recorder view.
28. Click the Restore Up icon 2/ on the Key Variables Data title bar
to restore the view to its regular size.
Next, you will change the temperature of stream Reactor Prods
(which determines the Reactor temperature), then view the
changes in the process data table
29. Click the Object Navigator icon in the toolbar.
30. In the Filter group, select the Streams radio button.
31.In the Streams list, select Reactor Prods, then click the View
button. The Reactor Prods property view appears.
32.Ensure you are on the Worksheet tab, Conditions page of the
property view.
33. Arrange the Reactor Prods and Key Variables Data views so you can
see them both.
Figure 3.102
Reactor Prods M=l 3
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AN e R e
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Currently, the Reactor temperature is 140°F. The key variables will
be checked at 180°F.
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34. In the Reactor Prods property view, change the value in the

Temperature cell to 180. UniSim Design automatically recalculates
the flowsheet. The new results appears below.

Figure 3.103
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As a result of the change, the required cooling duty decreased and
the glycol production rate increased.

.Click the Close button on the Reactor Prods stream property view

to return to the Databook. You can now record the key variables in
their new state.

.Click on the Data Recorder tab in the Databook.
. Click the Record button. The New Solved State view appears.
. In the Name for New State field, change the name to 180F

Reactor, then click the OK button.

. In the Available Display group, click the View button. The Data

Recorder appears, displaying the new values of the variables.

Figure 3.104

- pata Recorder - Main E@E
State || Base Case  180F Reac
Cooling Duty [Btushr]| 4.480e+00E | 4.053e+00E
Glycal Production [U 20.78 21.72
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—
Scenario 1
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A completed dynamic case
has been pre-built and is
located in the file
dynTUT3.usc in your
UniSim Design\Samples
directory.

This tutorial follows these
basic steps for setting up a
dynamic simulation case:

1. Obtain a simplified
steady state model to
be converted to
dynamic mode.

2. Use the Dynamic
Assistant to set
pressure-flow
specifications, modify
the flowsheet topology,
and size the
equipment.

3. Modify the Reactor vent
stream to account for

reverse flow conditions.

4. Set up temperature and
level controllers around
and in the Reactor
vessel.

5. Set up the Databook.
Make changes to key
variables in the process
and observe the
dynamic behaviour of
the model.

40. Close the Data Recorder view, then the Databook view, and
finally the Key Variables Data view.

This completes the UniSim Design Chemicals Steady State
Simulation tutorial. If there are any aspects of this case that you
would like to explore further, feel free to continue working on this
simulation on your own.

Further Study

For other chemical case examples, see the Applications section.
Applications beginning with “C” explore some of the types of chemical
simulations that can be built using UniSim Design.

3.3 Dynamic Simulation

In this tutorial, the dynamic capabilities of UniSim Design will be
incorporated into a basic steady state chemicals model. In the steady
state simulation, a continuously-stirred tank reactor (CSTR) converted
propylene oxide and water into propylene glycol. The reactor products
were then fed into a distillation tower where the glycol product was
recovered in the tower bottoms.

The dynamic simulation will take the steady state CSTR simulation case
and convert it into dynamic mode. If you have not built the simulation
for the steady state simulation, you can open the pre-built case
included with your UniSim Design package.

A flowsheet of the completed dynamic simulation is shown in the figure
below.

Figure 3.105
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Only the CSTR reactor will be converted to dynamic mode. The Column
operation will be deleted from the simulation flowsheet.
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The Dynamics Assistant will be used to make pressure-flow
specifications, modify the flowsheet topology, and size pieces of
equipment in the simulation flowsheet. This is only one method of
preparing a steady state case for dynamic mode. It is also possible to
set your own pressure-flow specifications and size the equipment
without the aid of the Dynamic Assistant.

3.3.1 Simplifying the Steady State
Flowsheet

The distillation column in the Chemicals Tutorial will be deleted in this
section.
1. Open the pre-built case file TUTOR3.usc located in your UniSim

Design\Samples directory (if you are not continuing from the Steady
State Simulation section of this tutorial).

2. From the Tools menu, select Preferences.
3. Click the Variables tab, then select the Units page.

4. In the Available Unit Sets group, select Field. Close the Session
Preferences view.

5. From the File menu, select Save As.
Save the case as DynTUT3-1.usc.

When you delete a 6. Delete all material streams and unit operations downstream of the

stream, unit or logical Reactor Prods stream. The following 6 items should be deleted:
operation from the

flowsheet, UniSim

Design will ask you to Material Streams Energy Streams Unit Operations
confirm the deletion. To

delete the object, click Ovhd Vap CondDuty Tower

the Yes button. If not, RecyProds RebDuty

click the No button. Glycol

7. The steady state simulation case should solve with the deletion of
the above items. The PFD for the dynamic tutorial should appear as
shown below.

Figure 3.106
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Before entering dynamics, the pressure specification on the Water
Feed stream should be removed so that the MIX-100 unit operation
can calculate its pressure based on the Prop Oxide stream
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10.
11.
12.
13.

14.
15.

3

specification.
Double-click the Water Feed stream icon to open its property view.

On the Conditions page of the Worksheet tab, click in the
Pressure cell, then press DELETE.

Close the Water Feed stream property view.
Double-click the MIX-100 icon to open its property view.
Click the Design tab, then select the Parameters page.

In the Automatic Pressure Assignment group, select the Equalize
All radio button. UniSim Design solves for the stream and mixer
operation.

Close the mixer property view.
Save the case.

.3.2 Using the Dynamics

Assistant

The Dynamics Assistant makes recommendations as to how the
flowsheet topology should change and what pressure-flow
specifications are required in order to run a case in dynamic mode. In
addition, it automatically sets the sizing parameters of the equipment
in the simulation flowsheet. Not all the suggestions the Dynamics
Assistant offers need to be followed.

Figure 3.107

About... Prefeiences... [] 5ave steady state cass
—
General | Streams J Pressure Flow Specs J Unknown Sizes J Tray sections Jer J J—‘
[ Analyze Again ] [ Make Changes I [ Cancel ]

A Dynamics Assistant

The assiztant has identified the following items for consideration.
If you are using non-uniform bray . you may lose the information by choosing 'Make Change'!

Make changes

Dizable stream pressure specifications |
Append new valves and streams

The Dynamics Assistant will be used to do the following:

« Add Pressure Flow specifications to the simulation case.
e Add Valves to the Boundary Feed and Product streams.
e Size the Valve, Vessel, and Heat Exchange operations.

3-69



Dynamic Assistant
icon

Dynamic Simulation

For this tutorial, the Session Preferences will be set so that the
Dynamics Assistant will not manipulate the dynamic specifications.

1.

2.

Open the Tools menu and select Preferences. The Session
Preferences view appears.

Click the Simulation tab, then select the Dynamics page.

Ensure that the Set dynamic stream specifications in the
background checkbox is cleared.

Figure 3.108

Diazistant
[ Set dynamic stream specifications in the background
Perfoim checks when switching to denamics or starting the intearator.

[] Save steady state case on switch to Dynamics

Close the Session Preference view, then close all open views on the
UniSim Design desktop except for the PFD view.

Next, you will initiate the Dynamics Assistant to evaluate the
specifications required to run in dynamic simulation.

Click the Dynamics Assistant icon. Browse through each tab in the
Dynamic Assistant view to inspect the recommendations.

All recommendations in the Dynamic Assistant will be implemented
by default unless you deactivate them. You can choose which
recommendations will be executed by the Dynamic Assistant by
activating or deactivating the OK checkboxes beside each
recommendation.

Figure 3.109

Ok An Active recommendation will
. be implemented by the Dynamic
F Assistant.

I_ Dynamic Assistant.

QE An Inactive recommendation will
not be implemented by the
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6. Click the Streams tab. The Streams tab contains a list of
recommendations regarding the setting or removing of pressure-
flow specifications in the flowsheet.

1 Dynamics Assistant g@@
Stream Specs Femave pressure specifications in these sheams:
Preszure Specs M. Marme 0K
Flow Specs il ReactorVent | W
Uninitialized
Inzert Walves
Int. Flow Spec
Set pressure specifications in these stieams:
No. Name 0K
Tell me why...
"~ General Streams | Pressure Flow Specs J Unknown Sizes J Tray sections Jer J J—‘
[ Ainalyze Again ] [ M ake Changes ] [ Cancel ]

7. For each page in the Streams tab, activate or deactivate the
following recommendations.

Page ‘ Recommendation ‘ Stream ‘ OK Checkbox

Pressure Remove Pressure Prop Oxide Active

Specs Specifications

Flow Specs Remove Flow Prop Oxide Active
Specifications Water Feed Active

Insert Valves | Insert Valves Prop Oxide Active

Reactor Prods Active

Reactor Vent Inactive
Water Feed Active

The Dynamics Assistant will insert valves on all the boundary flow
streams except the Reactor Vent stream. This recommendation was
deactivated since it is assumed that the CSTR reactor is exposed to
the open air. Therefore, the pressure of the reactor is constant. A
constant pressure can be modeled in the CSTR reactor by setting
the Reactor Vent stream with a pressure specification. A valve
should not be inserted on this stream.

8. Click the Make Changes button once only. All the active
suggestions in the Dynamics Assistant are implemented. Close the
Dynamics Assistant view.

9. Switch to Dynamic mode by pressing the Dynamic Mode icon.
:'{}l When asked if you want to resolve the dynamics assistant items

i before moving into dynamics, click the No button.
Dynamic Mode

Icon Since the suggestion to insert a valve on the Reactor Vent stream
was deactivated, you must set a pressure specification on this
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stream.

10. Double-click the Reactor Vent stream icon in the PFD. The property
view appears.

11.Click the Dynamics tab, then select the Specs page.

12.In the Pressure Specification group, click in the Active checkbox to
activate the specification.

13. Close the Reactor Vent stream property view.

In order for the CSTR to operate in steady state and dynamic
mode, the vessel must be specified with a volume. Since the
Dynamic Assistant detected that a volume was already
specified for the CSTR reactor, it did not attempt to size it.

14. The PFD for the dynamic tutorial (before the addition of the
controllers) should look like the following figure.

Figure 3.111
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15. Save the case as DynTUT3-2.usc.

3.3.3 Modeling a CSTR Open to
the Atmosphere

The CSTR reactor is open to the atmosphere and the liquid level of the
reactor can change in dynamic mode. This means that the vapour space
in the liquid reactor also varies with the changing liquid level. In order
to model this effect, the Reactor Vent stream was set with a constant
pressure specification. However, one additional modification to the
Reactor Vent stream is required.

Since the liquid level in the CSTR can move up and down, regular and
reverse flow can be expected in the Reactor Vent stream. When vapour
exits the reactor vessel (regular flow), the composition of the Reactor
Vent stream is calculated from the existing vapour in the vessel. When
vapour enters the vessel (reverse flow), the composition of the vapour
stream from the atmosphere must be defined by the Product Block
attached to the Reactor Vent stream. It is therefore necessary to
specify the Product Block composition.
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4

Enter Basis Environment
icon

The original steady state Chemicals tutorial used a Fluid Package which
did not include any inert gases. Therefore, it is now necessary to return
to the Simulation Basis Manager and add the required components to
the Fluid Package.
1. Click the Enter Basis Environment icon. The Simulation Basis
Manager view appears.
The Simulation Basis Manager allows you to create, modify, and
otherwise manipulate Fluid Packages in the simulation case.

2. Click the Fluid Pkgs tab. In the Current Fluid Packages group, the
Fluid Package associated with the Chemical Tutorial appears.

Figure 3.112
* Simulation Basis Manager Elil@

Curent Fluid Pack ages Flowsheet - Fluid Pkg Associations
31515 Wiew... Flowshest Fluid Pkg To Use
) Case [Main] Basis-1
Default Fluid Pkg Basis-1 ~
Fluid Pkg far Mew Sub-FlowSheets
() Lse Datault Fluid Pkg
() Use Parent's Fluid Pkg
N Components ~ Fluid Pkgs ‘ Hypothelicals J 0il Manager J Reactions J Component Maps J User Properties J
Enter PYT Environment. ] [ Retum to Simulation Environmert..

3. In the Current Fluid Packages group, select the fluid package, then
click the View button. The Fluid Package: Basis-1 property view
appears.

Figure 3.113

Fluid Package: Basis-1

Property Package Selection Bctivity Model Specifications

1 - Property Package Filter

UNIGUAC

LComponent List Selection

[ Basis-1 Component List

[MRTL v W AT “apour Model ) | |deal
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PR-Twu (O Aictivity Models .
EEUS[\";H () Chao Seader Modek:
Sour SRE O Vapour Press Models [ Make Erthalpy Monatane for Mon HC Components
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= Set Up | Parameters J Binary Coeffs J StabTest J Phaze Order JHxns Tabular J Notes
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FropetyPro. R
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4.

Click the Set Up tab. In the Component List Selection group, click
the View button. The Component List View appears.

* Component List View: Master Component List
Add Component Selected Components Components Available in the Libran
Traditional Hzo
OLI Electrolyte Mitrogen
UniSim Elec _ (1 SimMame (3 Full Name / Synorgm () Formula
- Hypo C t T . g
Chcomin B —
ropang
. itbe- B iC4 C4H10
iPentane R CEH12
n-Pentane n-Ch CAH12
e e
n-Heptane
e s
n-Decane 10 CloHz22
oz o2 coz
Hz25 H25 H25
| Toluene Toluene C7HE |
b |* | [¥] Show Synonyms [ Clustes
tSeIecledI Companent by Type J Companent Databases J
Mame [Master Companent List

5. In the Components Available in the Component Library group, select
the Full Name/Synonym radio button.

6. In the Match field, start typing Nitrogen. UniSim Design filters the
component list to match your input.

7. When Nitrogen is selected in the list, press the ENTER key. Nitrogen
is added to the Selected Components list. Close the Component List
View.

8. Close the Fluid Package: Basis-1 property view.

9. In the Simulation Basis Manager view, click on the Return to
Simulation Environment button. Answer Yes to the prompt that
comes up.

10. On the PFD, double-click the Reactor Vent stream icon to open its

property view.
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11. Click the Product Block button or the View Downstream
| = Operation icon. The ProductBlock view appears.

View Downstream .
Operation icon Figure 3.115

Associated Stream: Fieactor Yent

Flow Reversal Conditions

Pressure ’W
() Wapour Fraction ’W
(&) Temperature
() Enthalpy ’W
() Entropy ’W

[ Initialize Fram Other Caze

[ “iew stream... ] [ Update From Stream ]

Conditions | Composition | Properties

12.Click the Composition tab.

13. In the Compositions table, specify the composition of the reverse
flow stream as follows:

Component ‘ Mole Fraction

12C30xide 0.0
12-C3diol 0.0
H20 0.0
Nitrogen 1.0

14. Click the Conditions tab.

15. In the Flow Reversal Conditions group, select the Temperature
radio button.
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16. In the field beside the Temperature radio button, enter 77°F. These
stream conditions will be used to flash the pure nitrogen stream
when the Reactor Vent flow reverses.

Associated Stream: Fieactor Yent

Flow Reversal Conditions

Pressure ’W
() %apour Fraction W
(&) Temperature
() Enthalpy ’W
() Entropy ’W

[ Initialize Fram Other Caze

[ “iew stream... ] [ Update From Stream ]

Conditions | Composition | Properties

17. Close the ProductBlock Reactor Vent view.
18. Close the Reactor Vent stream property view.
19. Save the case as DynTUT3-3.usc.

3.3.4 Adding Controller
Operations

In this section you will identify and implement key control loops using
PID Controller logical operations. Although these controllers are not
required to run in dynamic mode, they will increase the realism of the
model and provide more stability.

Level Control

First you will install a level controller to control the liquid level in the
CSTR Reactor operation.

1. Press F4 to activate the Object Palette, if required.

2. In the Object Palette, click the Control Ops icon. A sub-palette
appears.

3. In the sub-palette, click the PID Controller icon. The cursor
changes to include a frame and a + sign.

4. In the PFD, click near the Reactor icon. The IC-100 icon appears.
This controller will serve as the Reactor level controller.
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5. Double-click the I1C-100 icon. The controller’s property view
appears.

EEX

1€-100
Mame | 1C-100

Process Yaiiable Source

Obiject: <emplys Select PY..
W ariable:
P oF

Remate Setpaint

Select RSP.. Optional |
T Em | SP

Output Target Object
| Object: <emphyy | Select OP..

Yariable:

. Cunnecliuns| Parameters JMUnitur J Stipchart J User Variables JNUles
]

Face Plate...

6. In the Connections tab, click in the Name field and change the
name to Reactor LC.

7. In the Process Variable Source group, click the Select PV button.
The Select Input PV view appears.

8. In the Object group list, select Reactor.
9. In the Variable list, select Liquid Percent Level.

Figure 3.118
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Reactor Prods-1 Kinetic Coeff. &'
Reactar Yent Kinetic Coeff. £ ) Shieams
‘Water Feed Kinetic Coeff. E' O UnitDps
‘Water Feed-1 Level Tap - Liquid-Liquid O Logicals
PropOxide FC Level Tap - Liquid-Vapo. O L
Reactor TC Liquid Flow 5P s
‘WaterFeed FC Liquid Haldup Thermo Ef ) ColumnOpe

0 Liquid Lewel ) Custom
Liquid Mass
D Liquid Mass Flow

WLV-Reactor Proc Liquid Malar Flow
WL ater Feed Liquid Male Fraction Variable Fil
FeedeiBlock_Fio Liquid Moles ariable Filter
Feedeiblock_‘wa . Process L
Broch wtBlncl Pe Cirwiel ol wne

" ariable Description Liquid Percent Level

10. Click the OK button.

11. In the Output Target Object group, click the Select OP button. The
Select OP Object view appears.
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12. In the Object list, select VLV-Reactor Prods.

13. In the Variable list, select Actuator Desired Position, then click
the OK button.

14. In the Reactor LC view, click the Parameters tab, then select the
Configuration page.

15. On this page, enter the following information:

In this cell... ‘ Enter...

Action Direct
Kc 2
Ti 10 minutes

PV Minimum 0%
PV Maximum 100%

16. Click the Face Plate button at the bottom of the property view. The
Reactor LC face plate view appears.

17.From the drop-down list, select Auto to change the controller mode.
18. Double-click in the PV value field, type 85, then press ENTER.

19. Close the Reactor LC face plate view, then close the Reactor LC
property view.

Flow Control

Next you will add flow controllers to the feed streams in the process.

1. The Control Ops sub-palette should still be open. If it isn’t, click the
Control Ops icon in the Object Palette.

2. In the sub-palette, click the PI1D Controller icon.

3. In the PFD, click above the Prop Oxide stream icon. The IC-100 icon
appears. This controller will serve as the Prop Oxide flow controller.

4. Double-click the IC-100 icon to open its property view.
5. Specify the following details:

Tab [Page] ‘ In this cell... ‘ Enter...
Connections Name PropOxide FC
Process Variable Source | Prop Oxide, Mass Flow
Output Target Object VLV-Prop Oxide,
Actuator Desired
Position
Parameters Action Reverse
[Configuration] Ke 01
Ti 5 minutes
PV Minimum 0 Ib/hr
PV Maximum 18,000 Ib/hr
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6. Click the Face Plate button. Change the controller mode to Auto,
and input a set point of 8712 Ib/hr.

7. Close the PropOxide FC face plate view and property view.
8. In the Object sub-palette, click the PID Controller icon.

9. In the PFD, click below the Water Feed stream icon. The controller
icon appears. This controller will serve as the Water Feed flow
controller.

10. Double-click the controller icon, then specify the following details:

Tab [Page] In this cell...
Connections Name WaterFeed FC
Process Variable Source | Water Feed, Mass Flow
Output Target Object VLV-Water Feed
Actuator Desired
Position
Parameters Action Reverse
[Configuration] Ke 01
Ti 5 minutes
PV Minimum 0 Ib/hr
PV Maximum 22,000 Ib/hr

11.Click the Face Plate button. Change the controller mode to Auto
and input a set point of 11,000 Ib/hr.

12. Close the WaterFeed FC face plate view and property view.

Temperature Control

Next you will install temperature controller to control the temperature

of the CSTR reactor. The control will be implemented using an energy

utility stream.

1. In the Object sub-palette, click the PI1D Controller icon, then click
in the PFD above and to the left of the Reactor icon.

The controller icon appears. This controller will serve as the Reactor
temperature controller.

2. Double-click the controller icon, then specify the following details.

Tab [Page] In this cell...

Connections Name Reactor TC

Process Variable Source | Reactor, Vessel Temperature

Output Target Object Coolant
Control Valve
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Tab [Page] ‘ In this cell...
Parameters Action Direct
[Configuration] K 1.75
Ti 5 minutes
PV Minimum 70°F
PV Maximum 300°F

3. Click the Control Valve button. The FCV for Coolant view appears.

Figure 3.119
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4. In the Duty Source group, select the Direct Q radio button.
5. In the Direct Q group table, enter the following information

In this cell... ‘ Enter...

Minimum Available 0 Btu/hr
Maximum Available 1 x 10’ Btu/hr
6. Close the FCV for Coolant view.

N

Click the Face Plate button. Change the controller mode to Auto
and input a set point of 140°F.

8. Close the Reactor TC face plate view and property view.
9. Save the case as DynTUT3-4.usc.

10. The integrator can be run at this point. Click the Integrator Active
|@ & icon in the tool bar.

11.When you are given the option to run the dynamic assistant first

Integrator icons A . -
before running the integrator, click the No button.

Green=Active

Red=Holding When the integrator is initially run, UniSim Design will detect that
the Reactor does not have a vapour phase at the specified process
conditions. You have the option to select either the default, which is
to Increase Temperature, or choose 100% Liquid in the Reactor.
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Figure 3.120

- Reactor - Liquid Level Initialisation

Thizs weszel haz no vapour phase at the specified process condtionz. UniSim Design

can initialize this vezsel with a vapour phaze by increasing the total vessel temperature
Alternatively, the iqguid level can be set to 1007, but this can cause difficulties starting
the simulation

RECOMMENDATION: [Increase temperature

100% Liquid

12. Select the default setting, which is Increase Temperature.

13. Let the integrator run for a while, then click the Integrator
Holding icon to stop the Integrator.

At this point you can make changes to key variables in the process
then observe the changes in the dynamic behaviour of the model.

Next you will monitor important variables in dynamics using strip
charts.

3.3.5 Monitoring in Dynamics

Now that the model is ready to run in dynamic mode, you will create a
strip chart to monitor the general trends of key variables.

Add all of the variables that you would like to manipulate or model.
Include feed and energy streams that you want to modify in the
dynamic simulation.

1. Open the Databook by using the hot key combination CTRL D. The

following is a general procedure to install strip charts in UniSim
Design.
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Figure 3.121
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2. On the Variables tab, click on the Insert button. The Variable

Navigator appears.

Figure 3.122

Flowsheet

Mavigator Scope
{* Flowsheet
" Case

" Basis

" Uity

Warisble Description

¥ariable Navigator

=] B3

Object Wariable l:l

Coolant o~
Miwer Out
Prop Oxid
P:EE D::d:-] Obiject Filter
Reactor Prods = Al
Reactor Prods-1
Reactor Yent () Streams
Water Feed o i
water Feed-1 " Logicals
;lupﬂtxldfCFC "~ ColumnOps

@actor
Reactor TC &) Custon
‘wWaterFeed FC Custarm. .
WIx-100
Reactor
YLV-Prop Oxide

IR anrbar Prads

=l

LCancel

Select the Flowsheet, Object, and Variable for any of the suggested

variables. For Reactor Prods also select the Variable Specifics

indicated.

See the tables below for a list of suggested variables:

Variables to Manipulate

Object Variable

Prop Oxide

Mass Flow

Water Feed

Mass Flow
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Variables to Monitor

Object Variable Variable Specifics
Reactor Vessel Temperature

Reactor Prods Comp Molar Flow 12C30xide
Reactor Liquid Percent Level

3. Click on the OK button to return to the Databook. The variable will
now appear on the Variables tab.

P

Repeat the procedure to add all remaining variables to the
Databook.

5. Click the Strip Charts tab in the Databook view.

Figure 3.123
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6. Click the Add button. UniSim Design will create a new strip chart
with the default name Dataloggerl.

7. In the Logger Name field, change the name to Key Variablesl.
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You can change the
configuration of each strip
chart by clicking the
Setup button.

8. Click the Active checkbox for each of the variables that you would

ike to monitor. Keep the number of variables per Strip Chart to four

or fewer, for easier viewing.

Figure 3.124

—

BEH|
Awvailable Strip Charts Individual Strip Chart D ata S election
e MW

Strin Chart.. Logger Mame |Key Variables1 Sample Int. ]UUU:UU:QD-UD
Historical... Object ‘ariable Active

Feactor Liquid Percent Level

Current.. Reactor Prods Comp kdolar Flav [1 2E3DHIdE]
Reactor Vessel Temperature
Add “water Feed tdass Flow

Frop Oxide ass Flow

Delete e I

Coclant Codling Duty

m Feactor Prods | Reactor Temp
Setupall...

o S

Yariables J Process Data Tables  Strip Charts | Data Fecorder J Case Studies J

11.

12.

If required, add more strip charts.

.Click the Strip Chart button to view each strip chart.

To view a legend for the Strip Chart variables, right-click inside the
Strip Chart view and select Legend from the menu.

You can also maximize/resize the Strip Chart views to see the
details.

Click the Start Integrator icon and observe as the variables line
out. If you see a warning regarding the Dynamics Assistant, click
the No button.

When you are finished, click the Integrator Holding icon to stop
the integrator.

At this point you can manipulate various variables within the design
and observe the response of other variables.
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B UniSim Design

The Amines Property
Package is an optional
property package. It is
not included in the base

version of UniSim Design.

Contact Honeywell for
more information, or e-
mail us at
info@unisim.support@
honeywell.com.

Applications

This section contains examples that illustrate many of the features in
UniSim Design. The applications include aspects of Conceptual Design,
Steady State modeling, and Optimization. All aspects are not illustrated
in every example, so the areas of interest in each application are
highlighted in the sections below.

The UniSim Design Applications describe, in general terms, how to
completely model particular processes using various features of UniSim
Design—detailed methods of constructing the models are not provided.
If you require detailed descriptions on how to construct models in
UniSim Design, see the comprehensive Tutorial section of this guide.

The examples in the Applications section provide a broad range of
problems related to various segments of industry and are organized as
follows.

Gas Processing

G1 Acid Gas Sweetening with DEA — Steady State
Modeling, Optional Amines Package

A sour natural gas stream is stripped of H2S and CO2 in a Contactor
(absorber) tower. The rich DEA (diethanolamine) is regenerated in a
Stripping tower and the lean DEA is recycled back to the Contactor. To
solve this example, you must have the Amines property package, which
is an optional property package. A spreadsheet is used to calculate
various loadings and verify that they are within an acceptable range.
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Refining

R1 Atmospheric Crude Tower — Steady State
Modeling, Oil Characterization

A preheated (450°F) light crude (29 API) is processed in an
atmospheric fractionation tower to produce naphtha, kerosene, diesel,
atmospheric gas oil (AGO) and atmospheric residue products. A
complete oil characterization procedure is part of this example
application.

R2 Sour Water Stripper — Steady State Modeling,
Sour Thermo Options, Case Study

Sour water is fed to a distillation tower for NH3; and H,S removal. The
use of the Sour Peng Robinson (Sour_PR) is highlighted. UniSim
Design's built-in Case Study tool is used to examine the effects of
varying column feed temperatures.

Petrochemicals

P1 Propane/Propylene Splitter — Steady State
Modeling, Column Sub-flowsheet

The individual Stripper tower and Rectifier tower components of a
propane/propylene splitter system are modeled. Two separate towers in
the same Column sub-flowsheet are used in this example to illustrate
the simultaneous solution power of UniSim Design's Column sub-
flowsheet.

Chemicals

C1 Ethanol Plant — Steady State Modeling

An ethanol production process is modeled right from the fermentor
outlet through to the production of low grade and high grade
(azeotropic) ethanol products.
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C2 Synthesis Gas Production — Steady State
Modeling, Reaction Manager, Reactors

Synthesis gas (H>/N, on a 3:1 basis) is the necessary feedstock for an
ammonia plant. The traditional process for creating synthesis gas is
explored in this example. Air, steam, and natural gas are fed to a series
of reactors, which produces a stoichiomtrically correct product.
Extensive use of UniSim Design's Reaction Manager is illustrated as
four individual reactions are grouped into three reaction sets that are
used in five different reactors. This example also demonstrates the use
of an Adjust operation to control a reactor outlet temperature. The case
is then converted to a dynamics simulation by adding valves and
assigning pressure flow specifications on the boundary streams.
Reactors are sized using the actual gas flow and the residence time. A
spreadsheet operation imports the H,/N, molar ratio to a ratio
controller, controlling the Air flowrate. Temperature controllers are used
to achieve the reactors setpoint by manipulating the duty streams.

UniSim Design Extensibility

X1 Case Linking — Steady State Modeling

This case explores the use of the User Unit Operation to link two UniSim
Design simulation cases such that the changes made to the first case
are automatically and transparently propagated to the second case.
Within each User Unit Op, two Visual Basic macros are used. The
Initialize () macro sets the field names for the various stream feed and
product connections and created two text user variables. The
Execute() macro uses the GetObject method to open the target link
case and then it attempts to locate the material stream, in the target
case, named by the Initialize() macro.
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G1-2 Process Description

G1.1 Process Description

In this example, a typical acid gas treating facility is simulated. A
water-saturated natural gas stream is fed to an amine contactor. For
this example, Diethanolamine (DEA) at a strength of 28 wt% in water is
used as the absorbing medium. The contactor consists of 20 real
stages. The rich amine is flashed from the contactor pressure of 1000
psia to 90 psia to release most of the absorbed hydrocarbon gas before
it enters the lean/rich amine exchanger. In the lean/rich exchanger, the
rich amine is heated to a regenerator feed temperature of 200°F. The
regenerator also consists of 20 real stages. Acid gas is rejected from

the regenerator at 120°F, while the lean amine is produced at

approximately 255°F. The lean amine is cooled and recycled back to the

contactor.

Figure G1.1
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Recommended amine strength ranges:

Lean Amine Strength in Water

Amine Wt%
MEA 15-20
DEA 25-35
TEA, MDEA 35-50
DGA 45-65
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Figure G1.2 ‘ Figure G1.3
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The Amines property
package has a limit
temperature range. So
during the construction of
the simulation/flowsheet,
some streams will appear
yellow in colour. A
warning view will also
appear to warn you that
the stream has exceeded
the temperature range.

For this application, you
can ignore these
warnings.

There are three basic steps used in modeling this process:

1. Setup. The component list includes C1 through C7 as well as N2,
C0O2, H2S, H20 and DEA.

2. Steady State Simulation. The case will consist of an absorber
scrubbing the inlet gas using a DEA solution, which will be
regenerated in a distillation column. Sweet gas will leave the top of
the absorber, whereas the rich amine stream from the bottom will
be sent to a regenerator column. An analysis on both the SWEET
GAS and the ACID GAS will be performed to satisfy the specified
criterion.

3. Dynamics Simulation. The steady state solution will be used to
size all the unit operations and tray sections. An appropriate control
strategy will be implemented and the key variables will be
displayed.

G1.2 Setup

1. In the Session Preferences view, clone the Field unit set.
2. Change the default units for the Liquid Volume Flow to USGPM
for the cloned unit set.

3. In the Component List view, select the following components: N2,
CO2, H2S, C1, C2, C3, i-C4, n-C4, i-C5, n-C5, C6, C7, H20, and
DEAmMine.

4. In the Fluid Package view, select the following property package:
Amines.

The Amines property package is required to run this example
problem. This is a D.B. Robinson proprietary property package that
predicts the behaviour of amine-hydrocarbon-water systems.

5. Use the Li-Mather/Non-ldeal Thermodynamic model.
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DEA to Cont uses Mass
fractions; Sour Gas uses
Mole fractions.

Steady State Simulation

G1.3 Steady State Simulation

There are two main steps for setting up this case in steady state:

1. Installing the DEA Contractor. A 20 stage absorber column will
be used to scrub the SOUR GAS stream with DEA solution (DEA TO
CONT). The SWEET GAS will leave the tower from the top whereas
the pollutant rich liquid will be flashed before entering the
REGENERATOR.

Regenerating the DEA. The liquid stream from the absorber will
be regenerated in a 18 tray distillation column with a condenser and
reboiler. The ACID GAS will be rejected from the top and the
regenerated DEA will be send back to the DEA CONTACTOR.

G1.3.1 Installing the DEA
CONTACTOR

Before the amine contactor can be solved, an estimate of the lean
amine feed (DEA TO CONT) and the inlet gas stream (SOUR GAS) must
be provided. The DEA TO CONT stream will be updated once the recycle
operation is installed and has converged.

Add Feed Streams

Define the following material streams:

DEA TO CONT material stream

N

In this cell... Enter...
Name DEA TO CONT
Temperature 95 F
Pressure 995 psia

Std Ideal Liqg Vol Flow 190 USGPM
CO2 Mass Frac. 0.0018
Water Mass Frac. 0.7187

DEA Mass Frac. 0.2795

SOUR GAS material stream

In this cell... Enter...

Name SOUR GAS
Temperature 86.0000 F
Pressure 1000.0000 psia
Molar Flow 25 MMSCFD
N2 Mole Frac. 0.0016

CO2 Mole Frac. 0.0413
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SOUR GAS material stream

H2S Mole Frac. 0.0172
C1 Mole Frac. 0.8692
C2 Mole Frac. 0.0393
C3 Mole Frac. 0.0093
iC4 Mole Frac. 0.0026
nC4 Mole Frac. 0.0029
iC5 Mole Frac. 0.0014
nC5 Mole Frac. 0.0012
nC6 Mole Frac. 0.0018
nC7 Mole Frac. 0.0072
H20 Mole Frac. 0.005

DEAmMine Mole Frac. 0.000

Add a Separator

Any free water carried with the gas is first removed in a separator
operation (V-100). Add and define the following separator operation:

Separator [V-100]

Tab [Page] In this cell... Enter...

Design Inlets SOUR GAS

[Connections] Vapour Outlet GAS TO CONTACTOR
Liquid Outlet FWKO

Design [Parameters] Pressure drop 0 psi

Add an Absorber Column

The Amines property package requires that real trays be modeled in the
contactor and regenerator operations, but in order to simulate this,
component specific efficiencies are required for H2S and CO2 on a tray
by tray basis. These proprietary efficiency calculations are provided in
the column as part of the Amines package. Tray dimensions must be
supplied to enable this feature.

Before installing the 1. Install an Absorber column operation with the specifications shown
column, ensure that the

Use Input Experts
checkbox is checked
(from the Session
Preferences view,
Simulation tab, Options
page).
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Steady State Simulation

below.
Page In this cell... Enter...
Connections No. of Stages 20
Top Stage Inlet DEA TO CONT
Bottom Stage Inlet GAS TO CONTACTOR
Ovhd Vapour Outlet SWEET GAS
Bottoms Liquid Outlet RICH DEA
Pressure Profile Top 995 psia
Bottom 1000 psia
Temperature Top Temperature 100 F
Estimates Bottom Temperature 160 F

Using the above information, the component specific tray
efficiencies can be calculated.

2. Run the Column.

3. Once it has converged, click the Parameters tab and select the
Efficiencies page.

4. Click the Component radio button and note the efficiency values
for CO2 and H2S on each tray. UniSim Design provides an estimate
of the component tray efficiencies but allows you to specify the
individual efficiencies if required.

Figure G1.4

Column: DEA Contactor / COL1 Fluid Pkg: Basis-1 / Amine Pkg - LM =10] x|
Parameters —Component E fficiencie:
Profies Efficiency Typ Mitragen Coz2 H25 Methane | Ethane | Praopane | i-Butan
)  Dveral 1_T51 1.000 | 01872 | 05254 1.000 1.000 1.000 1.00
Estimates s 2_T51 1.000 | 01878 | 05258 1.000 1.000 1.000 1.0C
Effici or : 3_T51 1000 01883 [ 05258 1000 1000 1.000( 1.0C
4_T5-1 1.000 | 0.1830 | 05260 1.000 1.000 1.000 1.00
Solver IR 1.000 | 01838 | 05261 1.000 1.000 1.000 1.00
2/3 Phase 6_T51 1000 01307 | 05263 1.000 1.000 1.000 1.00
Anies e Tono |0 1eaf | 0ee7| 1ot | T 000| Ton0| T
MI 9_T51 1.000 | 01953 | 08270 1.000 1.000 1.000 1.0C
10__T541 1.000 | 01977 | 05273 1.000 1.000 1.000 1.0C
11__TS54 1.000 | 0.2007 | 05278 1.000 1.000 1.000 1.0C
12_T5-1 1.000 | 0.2045 | 05284 1.000 1.000 1.000 1.00
W] Tirass 13_T54 1.000 | 0.2093 | 05291 1.000 1.000 1.000 1.00
= 14_T54 1.000 | 02151 | 05239 1.000 1.000 1.000 1.00
15_T54 1.000 | 02217 | 05309 1.000 1.000 1.000 1.00
16__T54 1.000 | 02270 | 05319 1.000 1.000 1.000 1.00
EFf. Mult-5pe: 17_T54 1.000 | 0.2248 | 05328 1.000 1.000 1.000 1.0C
= 18_T541 1.000 | 02016 | 05333 1.000 1.000 1.000 1.0C
19_T54 1.000 | 07497 | 05334 1.000 1.000 1.000 1.0C
Specily > | 20__T5-1 1.000 | 9.426e( | 05315 1.000 1.000 1.000 1.00
KI |
D esign Palameletsl Side Ops IHating I “whorksheet I Peiformance I Flowsheet I Fieactions I Dyriaics |
Delete | Column Environment.. | Run | Reset | _ |v Update Dutlets [ Jgnared

Next, add a valve and another separator.
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Add a Valve

The stream Rich DEA from the absorber is directed to valve VLV-100,

where the pressure is reduced to 90 psia; close to the regenerator

operating pressure.

Valve [VLV-100]

Tab [Page] In the cell... Enter...

Design Inlet RICH DEA
[Connections] Outlet DEA TO FLASH TK
Worksheet Pressure (DEA TO FLASH TK) 90 psia
[Conditions]

Add a Separator

Gases that are flashed off from the RICH DEA stream are removed

Acid Gas Sweetening with DEA G1-7

using the rich amine flash tank (FLASH TK) which is modeled using a
Separator operation.

Separator [FLASH TK]

Tab [Page] In this cell... Enter...
Design Inlet DEA TO FLASH TK
[Connections] Vapour Outlet FLASH VAP

Liquid Outlet RICH TO L/R

G1.3.2 Regenerating the DEA
Add a Heat Exchanger

The stream RICH TO L/R is heated to 200°F (REGEN FEED) in the lean/

rich exchanger (E-100) prior to entering the regenerator, which is

represented by a distillation column. Heat is supplied to release the
acid gas components from the amine solution, thereby permitting the
DEA to be recycled back to the contactor for reuse.

The heat exchanger is defined below.

Heat Exchanger [E-100]

Tab [Page] In this cell... Enter...

Design Tube Side Inlet RICH TO L/R

[Connections] Tube Side Outlet REGEN FEED
Shell Side Inlet REGEN BTTMS
Shell Side Outlet LEAN FROM L/R
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Heat Exchanger [E-100]

Design Tubeside Delta P 10 psi
[Parameters] Shellside Delta P 10 psi
Rating [Sizing] Tube Passes per Shell 1
Worksheet Temperature (REGEN FEED) | 200 F
[Conditions]

Add a Distillation Column

The amine regenerator is modeled as a distillation column with 20 real
stages - 18 stages in the Tray Section plus a Reboiler and Condenser.

1. Add a distillation column, configured as shown in the following table.

Distillation Column [Regenerator]

Page In this cell... Enter...

Connections No. of Stages 18
Inlet Streams (Stage) REGEN FEED (4)
Condenser Type Full Reflux
Ovhd Vapour ACID GAS
Bottoms Liquid REGEN BTTMS
Reboiler Energy Stream RBLR Q
Condenser Energy Stream COND Q

Pressure Profile Condenser Pressure 27.5 psia
Cond Pressure Drop 2.5 psi
Reboiler Pres. 31.5 psia

For this tower, the component efficiencies will be fixed at 0.80 for
H2S and 0.15 for CO2. The efficiencies of the condenser and
reboiler must remain at 1.0, so enter the efficiencies for stages 1-18
only.

N

Select the Component radio button in the Efficiency Type group
(Parameters tab, Efficiencies page), then click the Reset H2S
CO2 button.

3. Type the new efficiencies into the matrix.

Distillation Column [Regenerator]

Tab [Page] In this cell... Enter...
Parameters Condenser 1.0
[Efficiencies] Reboiler 1.0
1_TS to 18_TS CO2 0.15
1 TS to 18 TS H2S 0.80
Parameters [Solver] Damping Factor 0.40

4. Specify a Damping Factor of 0.40 (Parameters tab, Solver
page) to provide a faster, more stable convergence.
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5. Add two new column specifications, Column Temperature (called
TTop) and Column Duty (called Reboiler Duty).

6. Set the default specifications as shown below.

Regenerator Specifications

Tab [Page] In this cell... Enter...
Design [Specs] Name T Top
Stage Condenser
Spec Value 179.6 F
Name Reboiler Duty
Energy Stream RBLR Q@COL2
Spec Value 1.356e7 BTU/hr
Name Reflux Ratio
Stage Condenser
Flow Basis Molar
Spec Value 0.5
Name Ovhd Vap Rate
Draw ACID GAS@COL2
Flow Basis Molar
Spec Value 2.0 MMSCFD

7. Delete the Reflux Rate and REGEN Bttms Rate specifications
from the Column Specification list in the Column property view.

8. Set the T Top and Reboiler Duty specifications to Active; the
Reflux Ratio and Ovhd Vap Rate specifications should be set as
Estimates only.

The reboiler duty is based on the guidelines provided below, which
should provide an acceptable H2S and COZ2 loading in the lean

amine.
Recommended Steam Rates Ib Steam /7 USGAL Lean Amine
(based on 1000 BTU / Ib Steam)
Primary Amine (e.g., MEA) 0.80
Secondary Amine (e.g., DEA) 1.00
Tertiary Amine (e.g., MDEA) 1.20
DGA 1.30

Water make-up is necessary, since water will be lost in the absorber
and regenerator overhead streams.

9. Install a Mixer operation to combine the lean amine from the
regenerator with the MAKEUP H20 stream. These streams mix at
the same pressure.

10. Define the composition of MAKEUP H20 as all water, and specify a
temperature of 70°F and pressure of 21.5 psia. The flow rate of the
total lean amine stream will be defined at the outlet of the mixer,
and UniSim Design will calculate the required flow of makeup water.
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11. Set the overall circulation rate of the amine solution by specifying a
Standard lIdeal Liquid Volume Flow of 190 USGPM in stream DEA TO
COOL. UniSim Design will back-calculate the flow rate of makeup
water required.

Mixer [MIX-100]

Tab [Page] In this cell... Enter...
Design Inlets MAKEUP H20
[Connections] LEAN FROM L/R
Outlet DEA TO COOL
Design Automatic Pressure Assignment Set Outlet to
[Parameters] Lowest Inlet
Worksheet Temperature (MAKEUP H20) 70 F

[Conditions] Pressure (MAKEUP H20)

Std Lig Vol Flow
(DEA to Cool)

H20O Mass Frac. 1.0
(MAKEUP H20)

21.5 psia
190.5 USGPM

Worksheet
[Composition]

When you have finished specifying the DEA TO COOL stream you
will receive a warning message stating that the temperature of the
Makeup H20 stream exceeds the range of the property package and
the stream will turn yellow. Since there is no DEA present in this
stream, the warning can be ignored without negatively affecting the
results of this case.

Add a Cooler

Add a cooler and define it as indicated below. Cooler E-101 cools the
lean DEA on its way to the main pump.

Cooler [E-101]

The Cooler operation will
remain unconverged until
the Set operation has
been installed.

The Pump operation will
remain unconverged until
the Set operation has
been installed.

Tab [Page] In this cell... Enter...
Design Inlet DEA TO COOL
[Connections] Outlet DEA TO PUMP

Energy Stream COOLER Q
Design [Parameters] Delta P 5 psi

Add a Pump

Add a pump and define it as indicated below. Pump P-100 transfers the
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regenerated DEA to the Contactor.

Pump [P-100]

Tab [Page] In this cell... Enter...
Design Inlet DEA TO PUMP
[Connections] Outlet DEA TO RECY

Energy PUMP Q
Worksheet Temperature [F] (DEA TO RECY) 95°F
[Conditions]

Add a Set Operation

Install a Set operation (SET-1) to maintain the pressure of stream DEA
TO RECY at 5 psi lower than the pressure of the gas feed to the

absorber.
Set [SET-1]
Tab [Page] In this cell... Enter...
Connections Target DEA TO RECY
Target Variable Pressure

Source GAS TO CONTACTOR
Parameters Multiplier 1
Offset -5

Add a Recycle Operation

A Recycle operation is installed with the fully defined stream DEA TO
RECY as the inlet and DEA TO CONT as the outlet. The lean amine
stream, which was originally estimated, will be replaced with the new,
calculated lean amine stream and the contactor and regenerator will be
run until the recycle loop converges.

To ensure an accurate solution, reduce the sensitivities for flow and
composition as indicated below.

Recycle [RCY-1]

Tab [Page] In this cell... Enter...
Connections Inlet DEA TO RECY
Outlet DEA TO CONT
Parameters Flow 1.0
[Variables] Composition 0.1
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G1.4 Simulation Analysis

The incoming sour gas contains 4.1% CO2 and 1.7% H2S. For an inlet
gas flow rate of 25 MMSCFD, a circulating solution of approximately 28
wt.% DEA in water removes virtually all of the H2S and most of the
CO2. A typical pipeline specification for the sweet gas is no more than
2.0 vol.% CO2 and 4 ppm (volume) H2S. If you look at the property
view of the Sweet Gas stream you will see the sweet gas produced
easily meets these criteria.

G1.5 Calculating Lean & Rich
Loadings

Concentrations of acid gas components in an amine stream are typically
expressed in terms of amine loading—defined as moles of the particular
acid gas divided by moles of the circulating amine. The Spreadsheet in
UniSim Design is well-suited for this calculation. Not only can the
loading be directly calculated and displayed, but it can be incorporated
into the simulation to provide a “control point” for optimizing the amine
simulation. Also for convenience, the CO2 and H2S volume
compositions for the Sweet Gas stream are calculated.
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The following variables are used for the loading calculations.

SPRDSHT-1 [-[O[x]
Spreadshest Mame I EPRDEHT-
HAmported Warizbl
el Dhiect ariahle Description Ecit Impoart..
B1 RICH DE& | Comp hiolar Flos: (DEAMINE)
B2 RICH DE& Comp Malar Flove (H25) Add Import..
B3 RICH DE& Camp Molar Flow (CO2)
B4 DE& TO COMT | Comp Malar Flow (DEAmine) Delete Import
B3 DE& TO CONT Comp Malar Flove (H25)
BE DE& TO CONT Camp Molar Flow (CO2)
D7 DE& TO CONT Camp Volume Frac (CO2)
D3 DE& TO CONT Comp Mole Frac (H25)
rExported Variskl
cell Ohject “ariable Description Eclit Export... |

i

Add Export...

Delete Export

Delete |

-= Connections | Parameters I Formulas I Spreadshest I‘uOrder I Ir

Function Help... | Spreacshest Only...l I lgnorec

The following formulas will produce the desired calculations.

ormula Summat:

el Formula Result

D1 =h2ib1 01814
D2 =h3ib1 0.4380
D4 =h3ih4 3.771e-004
D3 =hEibd T.399e-003
[0is] =1EG*d3 2.3433e+01

Connections IParameters FormulaslSpreadshea border I

Delete | Function Help... | Spreadshest On\y;...l

[~ lgnorec
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The Amines property
package used in this
application has a limit
temperature range. So
when a stream exceeds
the temperature range, a
warning view will appear
and the stream becomes
yellow in colour.

For this application, you
can ignore this warning.

Figure G1.7

SPRDSHT-1 M=l E3
Current Cell
Imported From: EEA TO COMT Exportable r
| D9 “ariable: Fomp Male Frac (H25) Angles i
A ] C [ N
1 Rich DEA, | 258 7123 lbmole/hr | Rich H2S Loading 01814
2 Rich H25 | 469411 bmoletr | Rich CO2 Loading 0.4380
3 Rich CO2 | 113.3081 lmolehr
4 Lean DE& | 258.7123 lbmaolehr | Lean H2S Loading 3.771e-004
El Lean H25 0.0975 lhmalehr | Lean COZ Loading ¥.399e-003
5] Lean CO2 1.9142 lhmalehr
7 202 ol Frac 0.00107
g HZS ppm | 2 3433e+01
El 0.0000 | «|
Connections | Parameters | Formulss  Spreadsheet [order | ||
Delete | Function Helg... | Spreadshest Only.. | ™ lonarec

The acid gas loadings can be compared to values recommended by D.B.
Robinson as shown below.

Maximum Acid Gas Loadings (moles acid gas/mole of amine)

Cco2 H2S
MEA, DGA 0.5 0.35
DEA 0.45 0.30
TEA, MDEA 0.30 0.20

G1.6 Dynamic Simulation

In the second part of the application, the steady state case will be
converted into dynamics. The general steps that will be used to
navigate through this detailed procedure are as follows:

1. Converting from Steady State. To prepare the case for dynamic
simulation, valves will be installed to define pressure flow relations
and PF specifications will be added to selected streams. The tray
sizing utility will be implemented for sizing tray sections; all other
unit operations will be sized.

2. Adding Controllers. In this step, appropriate controllers will be
installed and defined manually.

3. Preparing the Dynamics Simulation. In the last step, the

Databook will be set up. Changes will be made to key variables in

the process and the dynamic behaviour of the model will be
observed.
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.2

Break Connection icon

Use the Break
Connection icon to
break the connection
between streams and
unit operations.

#

Attach Mode icon
Use the Attach Mode

icon to reconnect them.

G1.6.1 Converting from Steady
State

Changing the PFD

A few changes will have to be made to the PFD in order to operate in
Dynamic mode.

1. Delete the Set-1 unit operation.
2. Set the pressure of the DEA TO RECY stream to 995 psia.

3. Install a Recycle operation between the REGEN BTTMS stream and
the E-100 exchanger.

Recycle ‘ RCY-2

Page In this cell... Enter...
Connections Inlet REGEN BTTMS
Outlet REGEN BTTMS TO L/R

The Recycle operation only functions in Steady State mode.
Its sole purpose in this case is to provide a suitable solution
before entering Dynamic mode.

4. Delete the Std. Ideal Lig Vol Flow value in stream DEA TO COOL.

5. Specify the Std. Ideal Lig. Vol. Flow in stream MAKEUP H20 at
2.195 USGPM.

6. Delete MIX-100 and replace it with a tank, V-101. Name the vapour
outlet from the tank Nitrogen Blanket.

7. Change the Heat Exchanger model of the E-100 exchanger from
Exchanger Design (End Point) to Dynamic Rating. Delete the
temperature of the REGEN FEED stream, since it will be calculated
by the exchanger. Use the following table to set the new
specifications for the exchanger.

Heat Exchanger ‘ E-100

Tab [Page] In this cell... Enter...

Design Shell Side Inlet REGEN BTTMS TO L/R
[Connections]

Design Heat Exchanger Model Dynamic Rating
[Parameters]

Rating Model Basic

[Parameters] Overall UA 100270 Btu/F-hr
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Two pumps are added
because Dynamics mode
performs rating
calculations that consider
pressure differences and
flow resistance. To
accommodate this, you
need to add equipment
that significantly impacts
the pressure and drives
flow.

Add Pumps

Add the following pumps to define the pressure flow relation.

Tab [Page] In this cell... Enter...
Design Inlet RICH TO PUMP
[Connection] Outlet RICH TO VALVE

Energy Q-100
Design Duty 3739.72 Btu/hr
[Parameters]
Comments Add this pump between the separator FLASH TK and

the stream RICH to L/R.

Tab [Page] In this cell... Enter...

Design Inlet REGEN BTTMS

[Connection] Outlet REGEN BTTMS TO VALVE
Energy Q-101

Design Power 1.972e5 Btu/hr

[Parameters]

Comments Add this pump between the stream REGEN BTTMS and

the recycle RCY-2.

Add Valves

1. Add the following valves to define the pressure flow relation.

Tab [Page] In this cell... Enter...
Design Inlet FWKO
[Connection] Outlet FWKO-1
Worksheet Pressure (FWKO-1) 986.5 psia
[Conditions]

Rating [Sizing] Valve Opening 50%

Tab [Page] In this cell... Enter...
Design Inlet FLASH VAP
[Connection] Outlet FLASH VAP-1
Worksheet Pressure (Flash Vap-1) 89.99 psia
[Conditions]

Rating [Sizing] Valve Opening 50%

Tab [Page] In this cell... Enter...
Design Inlet RICH TO VALVE
[Connection] Outlet RICH TO L/R
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Valve Name ‘ VLV-FWKO

Tab [Page] In this cell... Enter...

Design Delta P 5.8 psi

[Parameters]

Rating [Sizing] Valve Opening 50%

Comments Add this valve between the pump P-101 and the
stream RICH TO L/R.

Tab [Page] In this cell... Enter...

Design Inlet REGEN BTTMS TO VALVE

[Connection] Outlet REGEN BTTMS-2

Design Delta P 13.53 psi

[Parameters]

Rating [Sizing] Valve Opening 50%

Comments Add this valve between the stream REGEN BTTMS TO
VALVE and the recycle RCY-2.

Tab [Page] In this cell... Enter...

Design Feed DEA TO VALVE

[Connection] Product DEA TO COOL

Design Delta P 1 psi

[Parameters]

Rating [Sizing] Valve Opening 50%

Comments Add this valve between V-101 and the stream DEA TO
COOL.

Tab [Page] In this cell... Enter...

Design Feed 1@COL1

[Connection] Product SWEET GAS@COL1

Design Delta P 1 psi

[Parameters]

Rating [Sizing] Valve Opening 50%

Comments Add this valve between the vapour outlet of the
absorber DEA Contactor and the stream SWEET GAS in
the absorber sub-flowsheet.

VLV-100@COL2

Tab [Page] In this cell... Enter...

Design Feed 2@CcoL2

[Connection] Product ACID GAS@COL2

Design Delta P 1 psi

[Parameters]

Rating [Sizing] Valve Opening 50%

Comments Add this valve between the vapour outlet of the

distillation column REGENERATOR and the stream ACID
GAS in the Regenerator Column sub-flowsheet.
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For the Regenerator, you
may need to click the
Reset button before
clicking the Run button to
get the distillation column
to solve.

For more information
regarding Pressure-Flow
specifications in Column
unit operations see
Chapter 8 - Column in
the UniSim Design
Operations Guide.

The pressure-flow
specification can be
activated in the
Dynamics tab on the
Specs page by selecting
the Active checkbox.
The steady state
pressure-flow values
should be used as a
specification.

Before proceeding any further, ensure that the case is completely
solved.

2. Open the valves property view and move to the Sizing page of the
Rating tab.

3. Select the User Input radio button and specify the Valve Opening
as indicated.

4. Click the Size Valve button.
5. Repeat for all valves in the simulation.

Adding Pressure Flow Specifications

In order to run the integrator successfully, the degrees of freedom for
the flowsheet must be reduced to zero by setting the pressure-flow
specifications. Normally, you would make one pressure-flow
specification per flowsheet boundary stream, however, there are
exceptions to the rule.

One extra pressure flow specification is required for the condenser
attached to the column Regenerator. This rule applies only if there are
no pieces of equipment attached to the reflux stream downstream of
the condenser. Without other pieces of the equipment (i.e., pumps,
coolers, valves) to define the pressure flow relation of these streams,
they must be specified with a flow specification.

1. In the Main flowsheet, add the following pressure-flow specifications
to the boundary streams.

Pressure Flow
Specification | Specification

Material Stream ‘

SOUR GAS Inactive Molar Flow 25 MMSCFD
FWKO-1 Active Inactive 986.5 psia
FLASH VAP-1 Active Inactive 89.99 psia
MAKEUP H20 Inactive Ideal Liq Vol Flow 2.195 USGPM
SWEET GAS Active Inactive 994 psia
ACID GAS Active Inactive 26.5 psia
REFLUX@COLZ2 Inactive Mass Flow 2983 Ib/hr
Nitrogen Blanket | Active Inactive 21.5 psia
DEA TO RECY Inactive Inactive

DEA TO FLASH Inactive Inactive

TK

2. Ensure the PF Relation checkbox for all the valves is checked
(Dynamics tab, Specs page).

3. Activate the Efficiency and Power checkboxes for pumps (you
may have to deactivate the Pressure Rise checkbox).

4. On the E-100 property view, click the Calculate K’s button
(Dynamics tab, Specs page).
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5. Deactivate the Delta P checkbox and select the k checkbox for both
the Shell and Tube sides of E-100.

6. Also on the cooler E-101 property view, set the pressure flow option
instead of the pressure drop by selecting the Overall k Value
checkbox and deactivating the pressure drop checkbox.

Equipment Sizing

In preparation for dynamic operation, both column tray sections and
the surrounding equipment must be sized. In steady state simulation,
the column pressure drop is user specified. In dynamics, it is calculated
using dynamic hydraulic calculations. Complications will arise in the
transition from steady state to dynamics if the steady state pressure
profile across the column is very different from that calculated by the
Dynamic Pressure-Flow solver.

Column Tray Sizing

=

From the Tools menu, select Utilities. Add a Tray Sizing utility to
size the DEA Contactor tray section.

Click the Select TS button. The Select Tray Section view appears.
From the Flowsheet list, select DEA Contactor.
From the Object list, select TS-1.

Click the Auto Section button to calculate the tray section
dimension. Accept all the defaults.

a x> enN

2

Select the Trayed radio button in the Section Results group
(Performance tab, Results page).

7. Confirm the following tray section parameters for Section_1.

Variable ‘ Value

Section Diameter 3.5ft
Weir Height 2in
Tray Spacing 24 in
Weir Length 34.81in
Number of Flow Paths 1

8. Calculate the Actual Weir Length using the Weir Length divided by
the number of flow paths for the vapour.

Variable ‘ Value

Actual Weir Length (Weir Length/1) 34.81in

9. Open the DEA Contactor column property view.
10. Click the Rating tab, then select the Tray Sections page.
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11.

12.

13.

Enter the tray section parameters for TS-1 obtained from the tray
sizing utility.

Size the Regenerator tray section following the same procedure
described above for the DEA Contactor. The Auto Section function
may create two tray sections; ensure that the column is sized with
only one tray section for all trays. Delete the section that does not
match the specifications below.

Confirm the following tray section parameters for Main TS in the
Regenerator:

Variable ‘ Value

Section Diameter 35 ft
Weir Height 2in
Tray Spacing 24 in
Total Weir Length 33.75in
Number of Flow Paths 1
Actual Weir Length 33.75in
14. In the Regenerator column property view, click the Rating tab, then

15.

select the Tray Sections page.
Enter the Section Diameter value shown above.

Vessel Sizing

The Condenser and Reboiler operations in the Regenerator column sub-
flowsheet require proper sizing before they can operate effectively in
Dynamics mode. The volumes of these vessel operations are
determined using a 10 minute liquid residence time.

1. Open the Regenerator property view, then enter the Column
Environment.
2. Open the Condenser property view.
3. Click the Worksheet tab, then select the Conditions page.
4. Confirm the following Std Ideal Liquid Volumetric Flow.
Stream ‘ Std Ideal Liquid Volume Flow
Reflux 5.975 USGPM
5. Calculate the vessel volume as follows, assuming a 50% liquid level
residence volume.
Vessel Volume = Total Liquid Exit FOIc;w- Residence Time (GL1)
6. Click the Dynamics tab, then select the Specs page.
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7. In the Model Details group, specify the vessel volume as 15.97 ft?
(as calculated with the above formula).

8. Specify the Level Calculator as a Horizontal cylinder.
9. Open the Reboiler property view.

10. Click the Worksheet tab, then select the Conditions page.
Confirm the following Std Ideal Liquid Volume Flow.

Stream ‘ Std Ideal Liquid Volume Flow
To Reboiler 239.7 bbl/day

11. Calculate the vessel volume using Equation (G1.1) and assuming a
50%¢0 liquid level residence time.

12.Click the Dynamics tab, then select the Specs page.

13. In the Model Details group, specify the vessel volume as 641 ft® and
the Level Calculator as a Horizontal cylinder.

Separator Sizing

The vapour flow rate through V-100 is large as compared to the liquid

flow rate, therefore Separator V-100 is sized according to the terminal

vapour velocity (Vertical Cylinder).

1. Use a residence time of 5 min and a 50% liquid level to size the
separator FLASH TK.

2. Confirm the Std ldeal Liquid Volume flow in the table below and
enter the vessel volume.

3. Click the Rating tab, then select the Sizing page. Select the
Vertical orientation radio button for the separator.

Separator Name ‘ FLASH TK

Tab [Page] In this cell... Enter...
Worksheet Std Lig Vol Flow (RICH TO PUMP) | 498.27 USGPM
[Conditions]
Rating [Sizing] Volume 660 ft®
Tab [Page] In this cell... Enter...
Rating [Sizing] Diameter 5.94 ft

Height 29.7 ft

Tank Sizing

The tank V-101 will be sized with a 10 minute liquid residence time and
a 75%b liquid level. Confirm the volumetric flow rate of the exit stream
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and specify the vessel volume (Rating tab, Sizing page).

Tank ‘ V-101

Tab [Page] In this cell... Enter...
Worksheet LigVol Flow (DEA TO VALVE) 194.4 USGPM
[Conditions]

Rating [Sizing] Volume 346.4 ft®
Design [Parameters] | Liquid Level 75%

Heat Exchanger Sizing

The Shell and Tube heat exchanger E-100 will be sized with a 10 minute
residence time for both the shell and the tube side (enter respective
sizes on the Rating tab, Parameters page).

Heat Exchanger ‘ E-100

Tube Side Sizing

Worksheet Std Ideal Liq Vol Flow (RICH TO 498.27 USGPM
[Conditions] L/R)

Rating Volume 666 ft®
[Parameters]

Shell Side Sizing

Worksheet Std Ideal Liq Vol Flow (REGEN 691.3 USGPM
[Conditions] BTTMS TO L/R)

Rating Volume 925.2 ft3
[Parameters]

A 10 minute liquid residence time will also be used for sizing the cooler
E-101 (Dynamics tab, Specs page).

Cooler ‘ E-101

Tab [Page] In this cell... Enter...
Worksheet Std Ideal Liq Vol Flow (DEA 194.4 USGPM
[Conditions] TO COOL)

Dynamics Volume 259.8 ft3
[Specs]

Running the Integrator

1. Switch to the Dynamic mode by clicking the Dynamic Mode button.
Click No when asked if you want the Dynamics Assistant to help you
resolve items in Steady State before switching to Dynamic mode.

Open the Product Block for stream Nitrogen Blanket.

w N

Ensure that the radio button for temperature is selected, and the
value is specified as 70°F.
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4. Click the Composition tab and set the composition to 10020
Nitrogen.

5. Return to the Conditions tab, and press the Export Conditions to
Stream button.

6. Open the Integrator view and change the Step Size to 0.2 sec on
the General tab.

7. Click the Options tab and make sure that the Singularity
analysis before running checkbox is selected.

8. Run the integrator for 2 minutes to ensure that the degrees of
freedom for pressure flow specification is zero and all the vessels
are sized. Select Non-Equilibrium Vapour when asked how you
want to initialize V-101.

G1.6.2 Adding a Control Scheme

The following Controllers will be used in the Dynamics model:

e Level

e Temperature
= Pressure

e Flow
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Level Controllers

Level Controller Name ‘ V100-LC
Tab [Page] In this cell... Enter...
Connections Process Object V-100

Process Variable Liquid Percent Level

Output Variable VLV-FWKO
Parameters PVmin 0%
[Configuration] PVmax 100%

Action Direct

Mode Auto

SP 50%

Kc 2

Ti 2
Tab [Page] In this cell... Enter...
Connections Process Object FLASH TK

Process Variable Liquid Percent Level

Output Variable VLV-101
Parameters PVmin 0%
[Configuration] PVmax 100%

Action Direct

Mode Auto

SP 50%

Kc 2

Ti 2
Level Controller Name ‘ LIC-100
Tab [Page] In this cell... Enter...
Connections Process Object V-101

Process Variable Liquid Percent Level

Output Variable MAKEUP H20

To size the Control Valve for the MAKEUPH2O stream, select the
Control Valve button.

FCV for MAKEUP H20 Flow Type Mass Flow
Min Available 0.0 Ib/hr
Max Available 1200 Ib/hr
Parameters PVmin 0%
[Configuration] PVmax 100%
Action Reverse
Mode Auto
SP 50%
Kc 2
Ti 2
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‘ LIC-100
Reb-LC@COL2

Tab [Page]

In this cell...

Enter...

Connections

Process Object

Reboiler@COL2

Process Variable

Liquid Percent Level

Output Variable

VLV-102@Main

Parameters
[Configuration]

PVmin 0%
PVmax 100%
Action Direct
Mode Auto
SP 50%
Kc 2

Ti 2

Level Controller Name ‘ Cond-LC@COL2

Tab [Page]

In this cell...

Enter...

Connections

Process Object

Condenser@ COL2

Process Variable

Liquid Percent Level

Output Variable

Reflux

Valve button.

To size the Control Valve for the Reflux stream

select the Control

FCV for Reflux Flow Type Mass Flow
Min Available 0.0 Ib/hr
Max Available 5512 Ib/hr
Parameters PVmin 0%
[Configuration] PVmax 100%
Action Direct
Mode Auto
SP 50%
Kc 1
Ti 2

Acid Gas Sweetening with DEA G1-25
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Temperature Controllers

L‘earrr:ﬁ;erature Controller T1C-100

Tab [Page] In this cell... Enter...

Connections Process Object DEA TO PUMP
Process Variable Temperature
Output Variable COOLER Q

To size the Control Valve for the Cooler Duty stream, select the
Control Valve button. To filter high frequency disturbances, click the
Parameter tab, select the PV Conditioning page, and change the First
Order Time Constant from 15 to 50.

FCV for COOLER Q Duty Source Direct Q
Min Available 0.0 Btu/hr
Max Available 2.4e7 Btu/hr
Parameters [Configuration] PVmin 32 F
PVmax 122 F
Action Direct
Mode Auto
SP 91F
Kc 10
Ti 10
Tab [Page] In this cell... Enter...
Connections Process Object Main TS
Process Variable Stage Temperature
Variable Specifics 18_Main TS
Output Variable RBLR Q

To size the Control Valve for the Reboiler Duty stream, select the
Control Valve button.

FCV for RBLR Q Flow Type Direct Q
Min Available 0 Btu/hr
Max Available 1.9e7 Btu/hr
Parameters [Configuration] PVmin 176 F
PVmax 302 F
Action Reverse
Mode Auto
SP 255°F
Kc 2
Ti 5

Pressure Controllers

Pressure Controller Name ‘ PIC-100@COL1

Tab [Page] In this cell... Enter...
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Pressure Controller Name ‘ PIC-100@COL1

Connections

Process Object

TS-1@COL1

Process Variable

Top Stage Pressure

Output Variable

VLV-100@COL1

Parameters [Configuration]

Tab [Page]

PVmin 950 psia
PVmax 1050 psia
Action Direct
Mode Auto

SP 995 psia
Kc 2

Ti 2
PIC-100@COL2

In this cell... Enter...

Connections

Process Object

Condenser @COL2

Process Variable

Vessel Pressure

Output Variable

VLV-100@COL2

Parameters [Configuration]

PVmin 0 psia
PVmax 50 psia
Action Direct
Mode Auto
SP 31 psia
Kc 2

Ti 2

Flow Controller

Flow Controller Name ‘ RECY-FC

Tab [Page] In this cell... Enter...
Connections Process Object DEA TO CONT
Process Variable Mass Flow
Output Variable VLV-103
Parameters PVmin 0 Ib/hr
[Configuration] PVmax 220460 Ib/hr
Action Reverse
Mode Auto
SP 97700 Ib/hr
Kc 0.5
Ti 0.20

G1.6.3 Preparing Dynamic
Simulation

Now that the case is ready to run in Dynamic mode, the next step is
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installing a strip chart to monitor the general trends of key variables.

Monitoring in Dynamics

You may use several variables in the same chart. If you have a large
number of variables that you would like to track, use several Strip
Charts rather than use all of the variables on one chart. You may use
the same variable in more than one Strip Chart.

For this simulation case, use the Databook (CTRL D) to set up two strip
charts as defined in the following sections.

StripChartl - Contactor

Case DEA TO CONT Mass Flow
Case GAS TO CONTACTOR Mass Flow
Case SWEET GAS Mass Flow
Case RICH DEA Mass Flow
Case SWEET GAS Pressure

StripChart2 - Regenerator

Flowsheet ‘ Object ‘ Variable

Case REGEN FEED Mass Flow
Case ACID GAS Mass Flow
Case REGEN BTTMS Mass Flow
Case ACID GAS Pressure

1. Start the Integrator and allow the variables to line out.
If you get an initial numerical error after you start the integrator,
start the integrator again. In the Session Preferences view
(Simulation tab, Errors group), you can direct these errors to the
trace window and have the simulation continue regardless.

After a few minutes the integrator will stop and an error message
will appear in the trace window.

N

From the Simulation menu, select Equation Summary View.

Click the Uncoverged tab and click the Update Sorted List
button.

The top equation refers to pump P-102. If you examine this pump in
the PFD you will see that it is fully on, but its downstream valve has
been completely shut by a controller. As an advanced exercise, you

w
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can refine the control scheme to address this issue.

G1.7 References

Gerunda, Arthur. How to Size Liquid-Vapour Separators Chemical
Engineering, Vol. 88, No. 9, McGraw-Hill, New York, (1981).
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Process Description

R1.1 Process Description

Figure R1.1
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After passing through a preheat train, 100,000 barrel/day of 29.32° API
crude is fed into a pre-flash separator operating at 450° F and 75 psia.
The vapour from this separator bypasses the crude furnace and is re-
mixed with the hot (650° F) pre-flash liquids leaving the furnace. The
combined stream is then fed to the atmospheric crude column.
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Any other library
components required for
the overall simulation
(e.g., H20) should be
selected as well.

A naphtha product is produced overhead, a kerosene product is
produced from the first side stripper, a diesel product is produced from
the second side stripper, and an atmospheric gas oil (AGO) is produced
from the third side stripper. Both the AGO side stripper and the diesel
side stripper are ‘steam stripped’, while the kerosene side stripper has a
reboiler.

The following Assay data is used to characterize the oil for this

example:

0.0 15.0

4.5 90.0

9.0 165.0
14.5 240.0
20.0 310.0
30.0 435.0
40.0 524.0
50.0 620.0
60.0 740.0
70.0 885.0
76.0 969.0
80.0 1015.0
85.0 1050.0

Bulk Properties
Standard Density 29.32° API

Light Ends ‘ Lig Volume %o

Methane 0.0065
Ethane 0.0225
Propane 0.3200
i-Butane 0.2400
n-Butane 0.8200
H20 0.0000

There are two basic steps in this process simulation:

1. Setup. The component list must include C1 to C4 light ends
components as well as the hypocomponents that will be used to
represent the C5+ portion of the crude oil. The Oil Characterization
procedure in UniSim Design will be used to convert the laboratory
data into petroleum hypocomponents.

Steady State Simulation. This case will be modeled using a Pre-
Fractionation Train consisting of a Separator and Heater. The Outlet
stream will then fed to an Atmospheric Crude Fractionator. The
results will be displayed.

N
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H|

Qil Environment icon

Setup

R1.2 Setup

1. In the Session Preference view, set the unit set to Field units.

2. In the Component List view, select the following components:
methane, ethane, propane, i-butane, n-butane, and water.

3. In the Fluid Package view, define a fluid package with Peng-
Robinson as the property package.

Oil Characterization

Click the Oil Environment icon to enter the Qil Characterization
Environment, using the fluid package you just created. Three steps are
required for characterizing the oil:

1. Define the Assay.
2. Create the Blend.
3. Install Oil in the Flowsheet.

Define the Assay

1. On the Assay page of the Oil Characterization view, click the Add
button. This will create a new assay, and you will see the Assay
view.

2. Change the Bulk Properties setting to Used.
3. Complete the Input data for the Bulk Properties as shown below:

Figure R1.3

Input Data

IMolecular w/eight <empy:
Standard Density 54.82 IbAt3

‘watson UOPK <emplys
Viscosity Type Dynamic

Vizcosity 1 Temp 100.0 F
Wiscozity 1 <emptys
Viscozity 2 Temp 2100F
Wiscozity 2 <Emptys

4. Since the TBP data is supplied, select TBP from the Assay Data Type
drop-down list.

5. Select Liquid Volume from the Assay Basis drop-down list.
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6. Click the Edit Assay button and enter the data as indicated in
Figure R1.4. When the data entry is complete, click the OK button.

Figure R1.4

—Aszay Input D ata
Aszay Percent Temperaturs ﬂ
%] [F]
0.0000 15.00 J
4.500 3000
9.000 165.0
14.50 240.0
20.00 0.0
30.00 4350
40.00 524.0
50.00 E20.0
E0.00 740.0
70.00 885.0
7E.00 963.0
80.00 1015
85.00 1050
< Arnmh prrm |
Allinput curves except distillation are on midpaint
baziz. Dependent curves will be shifted to middle
Lancel Ok |

7. In the Assay Definition group, click the Light Ends drop-down list
and select Input Composition.

©

In the Input Data group, click the Light Ends radio button.

©

Enter the light ends data as follows.

Figure R1.5

Input D ata
 Bulk Props Light Ends Baszis Im
= Light Ends —
" Distillation
Light Ends | Compozition Fl ||
Methane B.500e-003 -288.7
Ethane 2.250e-002 1275
Propane 0.3200 -43.78
iButane 02400 10,89
reButane 0.8200 3.0
H20 [.0000 2120

Percent of Light Ends in Assay 1.4090
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You can scroll through
this table to view all 50

points of the Working

Curve.
Compasitions
Elend-1

Methane 0.0003
Ethane 0.0006
Propane 0.0086
iButane 0.0054
n-Butane 0.0193
H20 0.0000
NBP_55 0.0443
NBP_85 0.0518
NBP_120 0.0479
NBP_155 0.0465
NBP_187 0.0533
NBP_226 0.0444
NBP_260 0.0461
NBP_294 0.0429
NBP_323 0.0332
NBP_364 0.0366
NBP_333 0.0356
NBP_435 0.0382
NBP_489 00422
NBP_504 00412
NBP_538 0.0364
NBP_573 00321
NBP_ED3 0.0280
NBP_B43 0.0241
NBP_E78 00214
NBP_713 001492
NBP_748 00169
NBP_783 00152
NBP_834 0.0262
NEP_301 0.0242
NBP 963 0.0251

Setup

10. Upon completion of characterizing the assay, select the Calculate

Figure R1.6

button. UniSim Design will calculate the Working Curves, which can
be viewed on the Working Curve tab.

- [o]x]
Azzay Working Curves

Point # Males Curn. Males N[E]P Male 't Ma;;?f:}r]wslty VIST;SI]W 1 VISCEE;;}I 2 |
0 0.00000 | 0.00000 | 3252 5E.89 | 4254 | 0.242 | 0124 [y

1 0.01000 | 0.0mooo | 48.43 5971 43.mM 0.262 0.136

2 0.01000 0.02000 64.86 B2.74 43.47 0.281 0.148

3 0.01000 0.03000 g1.56 B5.52 43592 0.300 0.160

4 0.01000 | 0.04000 | 96.48 B3.55 4437 0312 0.168

5 0.01000 0.05000 115.2 7345 4481 0317 0175

B 0.01000 | 0.05000 | 131.8 7738 45.24 0.307 0.175

7 0.01000 | 0.07000 | 1481 81.33 15,65 0307 0.187

8 0.01000 | 0.02000 | 164.0 8515 | 46.05 | 0.327 | 0.1597

g 0.01000 | 0.03000 | 177.5 8793 4E.38 0.345 0.207

10 0.01000 010000 187.4 3037 46,62 0360 0.215

11 0.02500 012500 2143 3877 47.27 0.408 0.233

12 0.02500 | 015000 | 2476 108.1 45.02 0.477 0.273

13 0.02500 017500 278.9 117.4 4572 0.556 0.310
14 0.02500 0.20000 3102 127.2 4939 0650 0354 [

Input Data J Caloulation Defaults  Working Curves MWMM
Delste | Hame: |Assay-] I Colculate

11. Close the Assay view.

Create the Blend (Cut the Oil)

1.

Click the Cut/Blend tab (Oil Characterization view) and click the
Add button. The Blend: Blend-1 view appears.

Click the Data tab, then select the Assay you created in the
Available Assays column.

Click the Add button. UniSim Design will transfer that Assay to the
Oil Flow Information table.

As a guideline, each Outlet stream from the crude column should
contain a minimum of 5 hypocomponents where the composition is
greater than 1.0%. Therefore, a total of 30 components should fulfil
this requirement.

From the Cut Option Selection drop-down list, select User Points,
then specify the Number of Cuts at 30. UniSim Design will calculate
the hypocomponents.

Click the Tables tab to view the hypocomponents.

From the Table Type group drop-down list, select Molar
Compositions.

Close the Blend view.
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Install Oil in the Flowsheet

The final step is to install the oil in the flowsheet.
1. Click the Install Oil tab of the Oil Characterization view.

2. In the Stream Name cell, type Raw Crude. This is the stream name
where you would like to “install” the oil.

3. On the Oil Characterization view, click Return to Basis
Environment button.

4. Click the Enter Simulation Environment button on the Simulation
Basis Manager view to enter the Main Environment. The Raw Crude
stream has been installed.

R1.3 Steady State Simulation

The following major steps will be taken to set up this case in steady
state:

1. Simulate the Pre-Fractionation Train. This determines the feed
to the atmospheric fractionator, and includes the pre-flash
separation, crude furnace, and mixer which recombines the pre-
flash vapour and furnace outlet stream.

2. Install the Atmospheric Crude Fractionator. Add the column
steam inlets to the flowsheet and install the crude fractionator using
the rigorous distillation column operation.

R1.3.1 Simulate the Pre-
Fractionation Train

Inlet Stream

Specify the Inlet stream (Raw Crude) as shown below.

Stream [Raw Crude]

In this cell... Enter...
Temperature [F] 450.0°F

Pressure [psia] 75.0 psia

Std Ideal Liq Vol Flow [barrel/day] 100,000 barrel/day

Because the composition has been transferred from the Oil
Characterization, the stream is automatically flashed.
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Steady State Simulation

Pre-Flash Operations

Install the Separator, Heater, and Mixer and provide the information
displayed below:

Separator [PreFlash]

Tab [Page] In this cell... Enter...

Design Inlet Raw Crude
[Connections]

Vapour Outlet PreFlash Vap
Liquid Outlet PreFlash Liq

Heater [Crude Heater]

Tab [Page] In this cell... Enter...
Design Inlet PreFlash Liq
[Connections] Outlet Hot Crude
Energy Crude Duty
Design [Parameters] Delta P 10.00 psi
Worksheet Temperature (Hot Crude) 650 °F

[Conditions]

Mixer [Mixer]

Tab [Page] In this cell... Enter...
Design Inlets Hot Crude, PreFlash Vap
[Connections] Outlet Atm Feed

The calculated specifications for the Pre-Fractionation Atm Feed stream
appear below.

Warne | At Feed
‘Yapour Fraction | 06114
Temperature [F] | G222
Pressure [psial | £5.00
Malar Flow [Ibrioleshr] | B227
Mazz Flow [Ib/hr] | 1.282e+008
Liguid “alurie Flow [barrel/day] | 1.000e+005
Heat Flaw [Btushr] | -7 464e+003
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Atmospheric Crude Tower R1-9

These streams could be
installed inside the
Column Build
Environment as well. By
taking this approach,
you will need to “attach”
these streams to the
Column Flowsheet so
that they can be used in
the calculations.

In this application, the
Input Experts option
have been turned off,
and the Column is being
configured directly
through the Property
View.

The Pre-Fractionation train is shown as follows:

Figure R1.8

PreFlazh vap

—- FreFlash
Raw Crude

‘ Crude Heater

—t
— > At Feed
& Hot Crude Wisiar

_

—
Crude Duty

—
FreFlash Lig

R1.3.2 Install Atmospheric Crude
Fractionator

Steam and Trim Duty Streams

Before simulating the atmospheric crude tower, the steam feeds and
the energy stream (Q-Trim - representing the side exchanger on stage
28) to the column must be defined.

An energy stream can be installed by selecting the
appropriate icon from the palette, or by typing into a New
Name field on the Energy Streams tab of the Workbook view.

The Q-Trim stream does not require any specifications, this will be
calculated by the Column.

Three steam streams are fed to various locations in the tower. Specify
the steam streams as shown below. Define the composition for each as
H,O = 1.0000.

Stream Name Temperature Pre_ssure Mass Flow
[F]1 [psia] [Ib/hr]
Main Steam 375.00 150.00 7500.00
Diesel Steam 300.00 50.00 3000.00
AGO Steam 300.00 50.00 2500.00

Column

The main column, Atms Tower, is represented by the following:
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R1-10 Steady State Simulation

e Number of stages is 29 ideal stages (not including the

CUSTOrM
COLUMM

Custom Column icon

condenser).

e The overhead condenser operates at 19.7 psia and the bottom
stage at 32.7 psia.

e The condenser experiences a 9 psi pressure drop.

e The temperature estimates for the condenser, top stage, and

bottom stage are 100°F, 250°F and 600°F, respectively.

e Condensed water is removed via a water draw from the three-
phase condenser.

UniSim Design comes with a 3 Stripper Crude Column template. A

Refluxed Absorber template could also be used, but this would add the

procedure of installing Side Strippers and Pump Arounds.

For this example, install the 3 Stripper Crude Column custom

template.

1. Select the Custom Column icon in the Object Palette, then click
the Read an Existing Column Template button. The Available

Column Templates finder view appears.

2. In the Files of type drop-down list, select Column Templates

(*.col).

3. From the list, select the 3sscrude.col template file, then click the
Open button.
The 3sscrude.col template installed 40 trays, 29 in the Main Tray
section, 3 trays in each of the 3 Side Strippers (1 reboiled and 2

steam stripped), a reboiler, and a condenser.

4. In the Column Property view, connect the Inlet and Outlet streams
to the column sub-flowsheet as shown (Design tab, Connections

page).

Figure R1.9

~Inlet Stream:
Intemal Stream External Stream Inlet Stage Transfer Basis | Spit | ]
Main Steam tain Steam 29 Main TS T-P Flash C _I
O-Trim O-Trirm 28 Main TS Mone Reqd u
Atm Feed At Feed 28 Main TS T-F Flash
Kerg_S5_Energy | << Stream >» Kemo_55_Reb Nane Reg'd ul
Diezel Steam | Diezel Steam 3_ Diesel 55 T-P Flazh ul
AGD Steam AGE0 Steam 3_AGO_SS T-P Flazh ol LI
—Outlet Strean
Internal Stream Esternal Stream Outlet Stage Type Tiansfer Basis |
Fesidue Fesidus 29 Main TS L T-F Flazh
Atmios Cond Atmioz Cond Condenzer 0 Mone Req'd
Off Gas Off Gas Condenger W T-F Flash
‘wiaste \wWater | \waste Water Condenger b T-F Flash
Maphtha Naphtha Condenser L T-F Flash
Kerosene K.erosens Kemo_55_Feb L T-P Flash
Diesel Diezel 3 Diesel 55 L T-P Flash
A0 AG0 3_AGO_SS L T-F Flash
PA_1_0 | << Sheam s> {empy> 7] Maone Req'd
Pa_2 0| << Sheam s> Lemply [H] Mone Req'd
Fa_3 0| << Sheams: {EMmply: o Mone Reg'd
= Mew = | <« Stream >»
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Atmospheric Crude Tower 2

5. Modify the Draw and Return stages of the Pump Arounds and Side
Strippers on the corresponding page of the SideOps tab.

Figure R1.10

Side Stripper Summar

# Stages [ Lig Draw Stage Yap Return Stage ﬁ;ieotlg’oh‘r’\]‘ Heﬁ;t‘:ih%uty
Kero 55 ] 9 _MainTS 8 Main TS {emphy> <emphy>
Diezel 55 3 17_Man TS 16_Main TS <emphy <emphy>
AG0_S55 3 22 _Main TS 21 Mﬂn 15 <emplys <emplys

~Liquid Pump Around Summary

Drraw Stage Fieturn Stage: [Ibr?oolg"hr] [Bl?l:ﬁr] D[?;;T HEt[l;[]nT Expart
P& 1 2 Main TS 1_ManTS <emply> <emply> | <emply> | <emptyr 3
Pa_2 17_Main TS 16__Main TS <emply <emply> | <emptys | <empty>
P&_3 22__Main TS 21__ManT5 <emply> <emply> | <empty> | <empty>
Field units are used for 6. In the Atmos Tower Column view, specify the column information
column preferences.
below.
Column [Atms Tower]
Tab [Page] In this cell... Enter...
Parameters Condenser Pressure 19.7 psia
[Profiles] 29 Main TS Pressure 32.7 psia
Condenser Temperature 100°F
1 Main TS Temperature 250°F
29 Main TS Temperature 600°F

Specifications

On the Monitor page of the Design tab, make the following changes

and input the values into the default set of specifications supplied with

the pre-built 3-Side Stripper Column.

1. Change all the Pump Around delta T specifications to a Duty
specification.

Open the specification 2. Delete the Kero SS BoilUp Ratio and the Residue Rate specs.
property view by clicking

the View button, then 3. Specify the Reflux Ratio spec to have a value of 1. Clear the Reflux
click Delete to delete Ratio Active checkbox and make it an Estimate only.

the specification.

Change the Flow Basis to 4. Change the following default specifications by selecting the

Std Ideal Volume specification in the table and clicking the View button.

before entering values.

Specification Flow Basis Spec Type Spec Value
Kero_SS Prod Flow Volume 9300 barrel/day
Diesel_SS Prod Flow Volume 1.925e+04 barrel/day
AGO_SS Prod Flow Volume 4500 barrel/day
PA_1_Rate(Pa) Volume 5.000e+04 barrel/day
PA_1_Duty(Pa) Duty -5.500e+07 Btu/hr
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R1-12 Steady State Simulation

Specification ‘ Flow Basis ‘ Spec Type ‘ Spec Value

PA_2_ Rate(Pa) Volume 3.000e+04 barrel/day
PA_2_Duty(Pa) Duty -3.500e+07 Btu/hr
PA_3_Rate(Pa) Volume 3.000e+04 barrel/day
PA_3_Duty(Pa) Duty -3.500e+07 Btu/hr
Naptha Prod Rate Volume 2.300e+04 barrel/day

5. On the Specs page of the Design tab, add the following new

Specification Type ‘ Variable (Field) ‘ Value

specifications by clicking the Add button in Column Specifications

group.

Column Liquid Flow Name Overflash Spec
Stages 27_Main TS
Flow Basis Std Ideal Vol
Spec Value 3500.00 barrel/day
Column Duty Name Kero Reb Duty

Energy Stream

Kero_SS_Energy @COL1

Spec Value 7.5e+6 Btu/hr
Column Vapour Flow Name Vap Prod Flow

Stage Condenser

Flow Basis Molar

Spec Value 0.00 Ibmole/hr

The final specification table will appear as shown below:

Figure R1.11

~Specification
S pecified Yalue Current Yalue ‘it Enor Active | Estimate| Current
Kera_55 Prod Flow 9300 barrel/da 9.30e+003 -0.0000 | v v v
Diesel_55 Prod Flow 1.925e+004 bamel/day 1.92e+004 -0.0001 ~d v =
AGO_SS Prod Flow 4500 barrel/day 4.50e+003 -0.0002 r v v
P4_1_Rate[Pa) 5.000e+004 barel/day 5.00e+004 -0.0000 | [ v
PA_1_DubiiPa) 5 500e+007 Btusht 5 50e+007 00000 | @ v v
P&_2_RatelPa) 3.000e+004 barmel/day 3.00e+004 -0.0001 d d v
P& 2 DutylPa) -3.500e+007 Btudh -3.50e+007 00000 | W v v
P&_3 Rate[Pa) 3.000e+004 barel/day 3.00e+004 -0.0001 v v v
P4_3_Duty[Pa] -3.500e+007 Btudhe -3.50e+007 00000 | W v v
Reflux Ratio 1.000 0.586 03144 | [© v r
Maptha Prod Rate 2.300e+004 barrel/day 2.30e+004 -0.0000 v ™ v
Liquid Flow: 3600 barrelAday 3.50e+003 -0.0001 [V v v
Kero Reb Duty 7 A00e+008 Bhushr 7 Ale+006 -0.0000 [V ~ ~
W apour Flow 10,0000 |bmoler 3.87e-005 -0.0000 [V v ~
Wiew... | Add Spec.. | Group Active | Update [nactive | Degrees of Freedam IU

2

Once you have provided all of the specifications, run the column.
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Atmospheric Crude Tower R1-13

R1.4 Results

Workbook Case (Main)

The material stream results for the Workbook Case[Main] appear
below.

Figure R1.12

~ioix

Marne Raw Crude PreFlash ' ap PreFlash Lig Hot Cruds At [nlet AGO Steam
apour Fraction 0.2337 1.0000 (0.0000 0.4003 06122 1.0000
Temperature [F] 450.0 450.0 450.0 E50.0 B222 300.0
Pressure [psia) 75.00 75.00 75.00 E5.00 E5.00 50.00
talar Flow [Ibrnalehr] 6214 1825 4383 4383 6214 1388
tass Flow [Ib/hr] 1.282e+006 1.602e+005 1.122e+006 1.122e+006 1.282e+006 2500
Liquid “olumne Flow [barrel/day] 1.000e+005 1.450e-+004 £.510e+004 £.510e+004 1.000e+005 1715
Hesat Flow [Btushr] -9.152e+008 -1.004e+008 -5.187e+008 -6.447e+008 -7.452e+008 -1.414e+007
Marne b ain Steam Diesel Steam Residus Off Gas W aste W ater Maphtha
Wapour Fraction 1.0000 1.0000 (0.0000 1.0000 0.0000 0.0000
Temperature [F] 375.0 300.0 EE3.1 107.3 107.3 107.3
FPressure [psia] 150.0 50,00 3270 18.70 1870 19.70
talar Flow [Ibmaolehr] 416.3 1665 1397 4.473e-005 7009 2822
tass Flow [Ib/hr] 7500 3000 E.216e+005 2.304e-003 1.263e+004 2.474=+005
Liquid %alume Flow [barel/day] 5146 205.8 4.398e+004 2.612e-004 8664 2.300e+004
Hesat Flow [Btushr] -4.222e+007 -1.687e+007 -3.647e+008 -2.296 -B.561e+007 -2.331e+008
Narme Kerosene Diezel ARO = Hew ™

"Wapour Fraction 0.0000 0.0000 0.0000

Temperature [F] 457.5 48E.8 571.6

Pressure [psia] 29.84 30,99 31.70

talar Flow [Ibmolerhr] 701.9 1114 200.4

a5z Flow [Ib/hr] 1.115e+005 2.429e+005 5.945e+004

Liquid %alume Flow [barel/day] 5300 1.925e+004 4500

Heat Flow [Btu/hr] -8.098e+007 -1.722e+008 -3.882e+007

=
Material Streams I Compositions I Energy Streams I Unit Ops |
ProductBlock_Kerosene (] Inchude Sub-Flowsheets
At Tower (2] Show Mame Orly
Mumber of Hidden Objects. a

Workbook Case (Atms Tower)

The material stream results for the Workbook Case [Atms Tower]
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appear below.

Figure R1.13

Hame Reflux | ToCondenser Main Steam Residue 4 0ff Gas ‘wiater draw
‘¥apour Fraction 0.0000 1.0000 1.0000 0.0000 g2z 1.0000 0.0000
Temperature [F] 107.3 2746 375.0 BE9.1 E22.2 107.3 107.3
Pressure [psia] 19.70 28.70 150.0 3270 E5.00 19.70 19.70
Molar Flow [lbmole/hr] 2010 5532 416.3 1397 B214 4.473e-005 700.9
tass Flow [Ib/hr] 1.763e+005 4.363e+005 7500 E.216e+005 1.282e+00F 2.304e-003 1.263e+004
Liguid */olume Flow [banel/day] 1.638e+004 4.025e+004 514.6 4.398e+004 1.000e+005 2.612e-004 866.4
Heat Flow [Bushr] -1.661e+008 -3.743e+008 -4.222e+007 -3.647e+008 -7.452e+008 -2.296 -8.561+007
Mame Maphtha Kero | Kera 55_Draw | Keo S5_Retwr | Kera 55_Boll | Kero_55_ToRe Diesel Stzam
‘¥apour Fraction 0.0000 0.0000 0.0000 1.0000 1.0000 0.0000 1.0000
Temperature [F] 107.3 457.5 406.1 429.3 457.5 446.9 300.0
Pressure [psia] 19.70 29.84 29.84 29.84 29.84 29.84 50.00
Molar Flow [lbmole/hr] 2822 701.9 g12.4 210.5 3.2 1073 166.5
tass Flow [Ib/hr] 2.474e+005 1.115e+005 1.397e+005 2.816e+004 5.561e+004 1.671e+005 3000
Liguid */olume Flow [banel/day] 2.300e+004 5300 1.171e+004 2410 46E1 1.398e+004 205.8
Heat Flow [Bushr] -2.331e+008 -8.098e+007 -1.063e+008 -1.777e+007 -3.406e+007 -1.225e+008 -1.697e+007
Mame Diesel | Diesel 55_Dra | Diesel 55_Reh AGOD 5 | AGO_S5_Draw | AGO_S5_Retu
‘¥apour Fraction 0.0000 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
Temperature [F] 486.8 512.1 504.9 571.6 300.0 E15.4 E02.9
Pressure [psia] 30.99 30.99 30.99 31.70 50.00 31.70 31.70
Molar Flow [lbmole/hr] 1114 133 3838 200.4 138.8 2723 210.7
tass Flow [Ib/hr] 2.429e+005 2.800e+005 4.015e+004 5.945e+004 2500 T.563e+004 1.868e+004
Liguid */olume Flow [banel/day] 1.925e+004 2.231e+004 3269 4500 171.5 5776 1448
Heat Flow [Bushr] -1.722e+008 -1.931e+008 -3, 788e+007 -3.882e+007 -1.414e+007 -4.685e+007 -2.217e+007
Mame Fa_1_Draw F4_1_Return Fa_2_Draw F&_2_Return Fa_3_Draw F4_3_Return = gy =
‘¥apour Fraction 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Temperature [F] 315.9 1425 512.1 367.4 E15.4 485.0

Pressure [psia] 28.84 28.84 30.99 30.99 31.70 31.70

Molar Flow [lbmole/hr] 4716 4716 1730 1730 1414 1414

tass Flow [Ib/hr] 5. 740e+005 5. 740e+005 3. 765e+005 3. 765e+005 3.928e+005 3.928e+005

Liguid */olume Flow [banel/day] 5.000e+004 5.000e+004 3.000e+004 3.000e+004 3.000e+004 3.000e+004

Heat Flow [Bushr] -4.697e+008 -5.247e+008 -2.596e+008 -2.946e+008 -2.433e+008 -2.783e+008
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To see this case
completely solved, see
your UniSim
Design\Samples\
directory and open the
R-2.usc file.

Process Description

R2.1 Process Description

Figure R2.1
Off
) =* Gas
Stripper
Fe; — gond
= Effluent
-
Reb
Feed - &
Bottoms
EN
Stripper
—————— o
SourH20 Stripper
Feed Buottoms

The sour water stripper configuration shown in the above PFD is a
common unit in refineries. It processes sour water that comes from a
variety of sources including hydrotreaters, reformers, hydrocrackers,
and crude units. The sour water is often stored in crude tanks, thereby
eliminating the need for special vapour recovery systems.

A sour water stripper either uses the direct application of stripping
steam (usually low quality, low pressure) or a steam-fired reboiler as a
heat source.

Figure R2.2

Condenser
Reflux — ggs
o i
Condenser C_DI:U
T Q
2
- 3
Stripper
Fee 4
50 Main T
6
7
2
Boilup i
4= FReh
o "
Rebailer Eholer
= Stripper
oftormns

The intent is to drive as much H2S and NH3 overhead in the stripper as
possible. The sizing of a sour water stripper is very important since its
capacity must equal or exceed the normal production rates of sour
water from multiple sources in the refinery. Often, refiners find their
strippers undersized due to a lack of allowance for handling large
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Sour Water Stripper R2-3

amounts of sour water, which can result from upset conditions (like
start-up and shutdown). Consequently, there is often a backlog of sour
water waiting to be processed in the stripper. With the increasing
importance of environmental restrictions, the sour water stripper plays
a greater role in the overall pollution reduction program of refiners.

The Sour Water feed stream goes through a feed/effluent exchanger
where it recovers heat from the tower bottoms stream (Stripper
Bottoms). This new stream (Stripper Feed) enters on tray 3 of an 8 tray
distillation tower with a reboiler and a total reflux condenser. A quality
specification of 10 ppm wt. ammonia on the tower bottoms (Stripper
Bottoms) is specified. The tower bottoms, Stripper Bottoms, exchanges
heat with the incoming feed and exits as Effluent.

There are two basic steps in this process simulation:

1. Setup. This case uses the Sour Peng-Robinson package and the
following components: H2S, NH3 and H20.

2. Steady State Simulation. The case will consist of an 8 stage
stripper, used to separate H2S and NH3, and a heat exchanger to
minimize heat loss.

R2.2 Setup

1. In the Session Preferences view, set the unit set to Field units.

2. In the Component List view, select the following components: H2S,
NH3 and H20.

3. In the Fluid Package view, select the Sour PR property package.

Sour Peng-Robinson combines the PR equation of state and Wilson’s
API-Sour model for handling sour water systems.

R2.3 Steady State Simulation

The following general steps will be taken to setup this case in steady

state:

1. Installing the SW Stripper. An 8 stage distillation column will be
used to strip the sour components from the feed stream. The liquid
leaving the bottom of the column heats the incoming feed stream in
a heat exchanger.

2. Case Study. A case study will be performed to obtain steady state
solutions for a range of stripper feed temperatures.
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Steady State Simulation

R2.3.1 Installing the SW Stripper

Feed Stream

Specify the feed stream as shown below.

Material Stream [SourH20 Feed]

In this cell... Enter...
Temperature 100°F
Pressure 40 psia

Std ldeal Liq Vol Flow

50,000 barrel/day

Comp Mass Frac [H2S]

0.0070

Comp Mass Frac [NH3]

0.0050

Comp Mass Frac [H20]

0.9880

Operations

1. Install and specify the Heat Exchanger as shown below.

Heat Exchanger [Feed Bottoms]

Tab[Page]

In this cell...

Enter...

Design
[Connections]

Tube Side Inlet

Sour H20 Feed

Tube Side Outlet

Stripper Feed

Shell Side Inlet

Stripper Bottoms

Shell Side Outlet

Effluent

[Conditions]

Feed)

Design Heat Exchanger Model Exchanger Design
[Parameters] (Weighted)

Tube Side Delta P 10 psi

Shell Side Delta P 10 psi
Worksheet Temperature (Stripper 200°F

2. Install a Distillation Column. This column will have both a reboiler

and an overhead condenser.




Sour Water Stripper

If messages appear
regarding loading an
older case or installing
property sets, click the
OK button. They will not
affect the case.

To add a new
specification, click the
Add Spec button.

For more information on
which damping factor is
recommended for
different systems, refer to
Chapter 8 - Column of
the UniSim Design
Operations Guide.

3. Define the Column configuration as shown below.

Column [SW Stripper]

R2-5

Page In this cell... Enter...
Connections No. of Stages 8
Inlet Stream Stripper Feed
Inlet Stage 3
Condenser Type Full Reflux
Ovhd Vapour Off Gas
Bottoms Liquid Stripper Bottoms
Reboiler Energy Stream Q-Reb
Condenser Energy Steam Q-Cond
Pressure Profile Condenser Pressure 28.7 psia
Reboiler Pressure 32.7 psia

4. In the Column property view, click the Design tab, then select the
Monitor page.
In the present configuration, the column has two degrees of
freedom. For this example, the two specifications used will be a
quality specification and a reflux ratio.

5. Modify the existing specification based on the information below:

Column [SW Stripper]

Tab [Page]

Variable Spec

Modify

Design [Specs]

Ovhd Vap Rate

Active = uncheck

Reflux Ratio

Active = checked
Spec Value = 10 Molar

6. Add a Component Fraction specification, and enter the following
information in the Comp Frac Spec view:

Tab ‘ In this cell... ‘ Enter...
Parameters Name NH3 Mass Frac
(Reboiler)
Stage Reboiler
Spec Value 0.000010
Component Ammonia
Summary Active Checked
Reflux Ratio Active
Spec Value 10 Molar

7. Click the Parameters tab, then select the Solver page. Change the
Fixed Damping Factor to 0.4.
A damping factor will speed up tower convergence and reduce the
effects of any oscillations in the calculations (the default value is

1.0).
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8. Run the column to calculate the values by clicking the Run button.

R2.4 Results
Workbook Case (Main)

Materials Streams Tab

Figure R2.3

i HER
Mame || SourH20 Feed Stripper Feed | Stipper Bottom: Effluent Off Gas | =
“Yapour Fraction 0.0000 0.0000 0.0000 0.0000 1.0000 [
Temperature [F] 100.0 200.0 255.3 1541 M7
Pressure [psia] A0.00 30.00 3270 2270 2870
alar Flow [Ibraole/hr] 4.013e+004 4.013=+004 3.925e+004 3.925e+004 8805
Mass Flow [Ib/hr] 7.251e+005 7.251e+005 7.071e+005 7.071e+005 1.804e+004
Std I deal Lig Vol Flow [barrel/da 5.000=+004 5.000e+004 4.852e+004 4.852e+004 1485
Heat Flow [Btu/hr] -4.871e+003 -4.796e+003 -4.685e+003 -4.760e+009 -5.823e+007
Malar Enthalpy [Btudlbmale] -1.214e+005 -1.195e+005 -1.1942+005 -1.2132+005 -B.6142+004 | &

" Mateiial Streams | Compositions J Energy Streams J Unit Ops_|

FeederBloc Fluid Pkg | All -
Feed Bottoms

[ Include Sub-Flawsheets

[ Show Name Orly
v Horizontal Matrix MNurnber of Hidden Objects: 1]

R2-6



Sour Water Stripper R2-7

Compositions Tab

Figure R2.4
Workbook - Case (Main) g@@

Narne SouwH20 Feed Stripper Feed | Stipper Bottam: | «
Comp Mass Frac [H25) 0.0070 0.0070 0.0000 |
Comp Mass Frac [Ammania) 0.0050 0.0050 Q.ooan =
Comp Mazs Frac [H20) 0.9880 0.9880 1.0000
Name Effluent 0ff Gas G-Feb
Comp Mass Frac [H25] 0.0000 0za13 <Empy:
Comp Mass Frac [&mmonia) 0.0000 0.2006 <empty:
Comp Mass Frac (H20) 1.0000 05181 <emphy>
Name -Cond = Mew -
"= tdaterial Stream:  Compositions | Energy Streams | Unit Ops
Fee H20 Fee Fluid Plg | &l hd
Feed Bottoms
[ Include Sub-Flawshests
[ Show Name Oy
[ Horizontal b atrix Mumber of Hidden Dbjects: o

Energy Streams Tab

Figure R2.5
Workbook - Case (Main) g@@

Na

me -Reb 0-Cond = Mew
Heat Flow [Btudhr] 2.056e+008 1.524e+008

=] taterial Streams JCompositiDns Energy Streams | Unit Opz

Fluid Pkg | Al A
[ Include Sub-Flawshests
[ Show Name Oy

v Horizontal Matriz Mumber of Hidden Objects: o

R2.5 Case Study

The simulation can be run for a range of Stripper Feed temperatures
(e.g., 190°F through 210°F in 5 degree increments) by changing the
temperature specified for Stripper Feed in the worksheet.

You can automate these changes by using the Case Studies feature in
the DataBook.
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Case Study

1. Open the DataBook property view (Tools menu).
2. On the Variables tab, enter the variables as shown below.

Flowsheet ‘ Object ‘ Variables ‘ Variables Description
Case Q-Cond Heat Flow Cooling Water
Q-Reb Heat Flow Steam
Stripper Feed Temperature Temperature
Feed Bottoms UA UA
T-100 Main TS Stage Lig Net Mass Lig MF Tray 2
SW Stripper Flow (2__Main TS)
Main TS Stage Lig Net Mass Lig MF Tray 7
Flow (7__Main TS)
Main TS Stage Vap Net Mass Vap MF Tray 2
Flow (2__Main TS)
Main TS Stage Vap Net Mass Vap MF Tray 7
Flow (7_Main TS)
3. Click the Case Studies tab.
4. In the Available Case Studies group, click the Add button to create
Case Study 1.
5. Check the Independent and Dependent Variables as shown below.
Figure R2.6

DataBook

Auvailable Displays

&+ Table
" Graph

fuvailable Case Studies

Case Studies D ata Selection

Add Current Case Study |Case Studyp 1
Object Wariable Ind | Dep
m 3-Cand Cooling'Water | [~ | @
[r— O-Reb HEEE e
— Stripper Feed Temperature | [ | [
Feed Bottoms ua | [
tain TS @COL LigMF Tiap 2 | i | ™
tain TS @COL LighF Tiap 7 | i | ™
Main TS @COL VapMF Trap2 | i | W
Results.. Main TS @COL VapMF Trap 7 | i |

ariables J Process Data Tables J Stip Charts J Data Recorder Case Studies _

To automate the study, the Independent Variable range and Step
Size must be given.
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Sour Water Stripper

6. Click the View button to access the Case Studies Setup view.
Define the range and step size for the Stripper Feed Temperature as
shown below.

Figure R2.7

FIBX

Temperature values
are given in °F.

Case Studies Setup - Main

Case Studies

Case Study 1 Number of States 3
State Input Type Mested =
Wariable Law Bound |High Bound|  Step Size | Use Log Step |Mo. of Paints
Stripper Feed - Temperature 190.0F 210.0F E.O000F Iml 5

" Independent ¥ariables Setup

Display Properties J Failed States J

Start

Add ‘ Delete | Besults... |

N

To begin the Study, click the Start button.

Click the Results button to view the variables. If the results are in
graphical form, click the Table radio button on the Case Studies
view.

R2.5.1 Results

The results of this study appear below.

®

Figure R2.8

Case Studies - Main g@@
State | State 1 State 2 State 3 State 4 State 5
Stripper Feed - Temperature [F] 190.0 195.0 200.0 208.0 2100
Steam [Btu/hr] 2.073e+008 2.083e+003 2.053e+008 204424003 2.034e+008
Cooling ' ater [Btushr] 1.463e+008 1.436e+003 1.522e+008 1.549e+003 1.573e+008
Feed Battoms - UA [Btu/F-hr] 1.041e+006 1.193=+006 1.374e+006 1.592e+006 1.861e+006
Liq MF Tray 2 [Ib/hr] 1.538+005 1.5642+005 1.531e+005 1.5192+005 1.545e+005
Liq MF Tray 7 [Ib/hr] 9.247e+005 9.2332+005 9.220e+005 9.2022+005 9.135e+005
“ap MF Trap 2 [Ib/hr] 1.711e+005 1.740e+005 1.770e+005 1.8012+005 1.829+005
ap MF Tray 7 [Ib/hr] 2.160e+005 2.149e+005 2.13%e+005 2.130e+005 2.113e+005

B Case Study 1
Delete ¢ Table (" Graph Be-Mumber
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Process Description

P1.1 Process Description

L
Condenser Duty
| ey

Propene
Feed P

4 —f—
Rebailer Duty
+———t

T1m Propane

A propylene-propane splitter is generally an easy column to converge.
The critical factor in producing good results, however, is not the ease of
solution, but the accurate prediction of the relative volatility of the two
key components. Special consideration was given to these components,
and others, in developing the binary interaction coefficients for the Peng
Robinson and Soave Redlich Kwong Equations of State to ensure that
these methods correctly model this system.

Zondenser
— Dty
To Condenser

Reflux Condenser Pro?e'ne

Figure P1.2

Rectifier

Eailup

Reboiler

To Rehailer Fropane

These splitters have many stages and are often built as two separate
columns. This simulation will contain two Columns, a Stripper, and a
Rectifier. The Stripper is modeled as a Reboiled Absorber and contains
94 theoretical stages. The Rectifier is a Refluxed Absorber containing 89
theoretical stages. The Stripper contains two feed streams, one is the
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Propylene/Propane Splitter P1-3

known stream, FEED, and the other is the bottoms from the Rectifier.
Propane is recovered from the Stripper bottoms (95%) and Propene is
taken off the top of the Rectifier (99%).

There are two basic steps in this process simulation:

1. Setup. The Soave Redlich Kwong (SRK) property package will be
used and the component list includes Propane and Propene.

2. Steady State Simulation. The case will consist of a column divided
into two tray sections: a Refluxed Absorber as a Rectifier and a
Reboiled Absorber as a Stripper.

P1.2 Setup

1. In the Session Preferences view, set the unit set to Field units.

2. In the Component List view, select the following two components:
Propane and Propene.

It may be easier to search by chemical formula (C3H8 and C3H6),
as the entire list is quite extensive.

3. In the Fluid Package view, select the Soave Redlich Kwong (SRK)
equation of state (EOS) as the property method for this case.

Ensure that the selected component you just created appears in the
Component List Selection drop-down list.

P1.3 Steady State Simulation

The case will be setup in steady state using the Custom Column option.
Both the Rectifier and Stripper columns will be built in the same column
environment.

P1.3.1 Starting the Simulation
Defining the Feed Stream

In the Main Simulation environment, define the conditions and
compositions of the Feed stream as shown in the following table.

Material Stream [Feed]

In this cell... Enter...

Name Feed

Vapour Frac 1.0

Pressure 300 psia

Molar Flow 1350 Ibmole/hr

P1-3



P1-4 Steady State Simulation

+ 8 X

G % :)bject Palette

Tray Section icon

Material Stream [Feed]

Comp Mole Frac [Propane] 0.4

Comp Mole Frac [Propene] 0.6

Installing the Column

1. Click the Custom Column icon on the Object Palette. The Custom
Column feature will be used to build both columns in a single
column environment.

2. Click the Start with a Blank Flowsheeet button. The column appears
in the PFD.

3. Double-click the column in the PFD to open the Column view.
4. Click the Design tab and select the Connections page.

5. In the Inlet Streams group, enter stream Feed as an External Feed
Stream, making this stream accessible to the Template
Environment.

6. Enter the Column Environment by clicking the Column Environment
button at the bottom of the Column property view.

For this example, you will need a Total Condenser, Reboiler and two
Tray Sections. A Tray Section and a Condenser will be used for the
Refluxed Absorber (Rectifier), a Reboiler and another Tray Section will
be used for the Reboiled Absorber (Stripper). The overhead product
from the Stripper will serve as the feed to the Rectifier, and the bottoms
product from the Rectifier provides a second feed to the Stripper,
entering at Stage 1.

P1.3.2 Adding the Stripper
(Reboiled Absorber)

Install the Reboiled Absorber before the Reboiler. This column has 94
ideal stages and a Reboiler.

Ensure that you are within the Column Environment; the PFD view and
the Column Object Palette should be visible (as shown on the left).

Installing the Tray Section

For this Column a new Tray Section has to be installed.

1. Double-click the Tray Section icon on the Column Object Palette.
The tray section appears in the PFD and the Tray Section property
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Define the Number of

Trays on the Parameters

page first.

&

Reboiler icon

view appears.
2. Supply the following information.

Tray Section [Stripper]

Tab [Page] In this cell... Enter...
Design Column Name Stripper
[Connections] Liquid Inlet Rect Out
Vapour Inlet Boilup
Vapour Outlet To Rect
Liquid Outlet To Reboiler
Optional Feed Streams Feed (Stage 47)
Design Number of Trays 94
[Parameters]
Design Tray 1 290 psia
[Pressures] Tray 94 300 psia

3. Close the Tray Section view.

Installing the Reboiler

The Reboiler for the Absorber must be installed with the Stripper
Column.

1. Double-click the Reboiler icon on the Column Object Palette. The
Reboiler appears in the PFD and the Reboiler property view appears.

2. Enter the following information.

Reboiler [Reboiler]

Tab [Page] In this cell... Enter...
Design Name Reboiler
[Connections] Boilup Boilup
Inlets To Reboiler
Bottoms Outlet Propane
Energy Reboiler Duty

P1.3.3 Adding the Rectifier
(Refluxed Absorber)

Next, you will install the Rectifier. This column has 89 ideal stages and a
Total Condenser.

Installing the Tray Section

Install a new Tray Section for the Absorber.
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&

Tray Section icon

4

Total Condenser icon

To add a specification,

click the Add Spec button.

Steady State Simulation

1. Double-click the Tray Section icon on the Object Palette.

2. In the Tray Section view, supply the parameters as shown below.

Tray Section [Rectifier]

Tab [Page] In this cell... Enter...

Design Name Rectifier

[Connections] Liquid Inlet Reflux
Vapour Inlet To Rect
Vapour Outlet To Condenser
Liquid Outlet Rect Out

Design [Parameters] Number of Trays 89

Design [Pressures] Tray 1 280 psia
Tray 89 290 psia

3. Close the Tray Section view.

Installing the Total Condenser

A Total Condenser is required for the column.

1. Double-click the Total Condenser icon in the Object Palette. The
condenser icon appears in the PFD, and the condenser property
view appears.

2. Supply the following information.

Total Condenser [Condenser]

Tab [Page] In this cell... Enter...
Design Name Condenser
[Connections] Inlets To Condenser

Distillate Propene

Reflux Reflux

Energy Condenser Duty

P1.3.4 Adding the Specifications

Two specifications are required for this column.

< Flow of the Rectifier Distillate (Propene) is 775 Ibmole/hr.
- Rectifier Top Stage Reflux Ratio is 16.

1. Return to the Parent environment and ensure the Column property

view is visible.
2. Click the Design tab and select Monitor page.
Add a Column Draw Rate and Column Reflux Ratio specifications
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4. Enter the following information for the appropriate specification:

Column Draw Rate

Tab In this cell... Enter...
Parameters Draw Propene

Flow Basis Molar

Spec Value 775 Ibmole/hr.

Column Reflux Ratio

Tab In this cell... Enter...

Parameter Stage Condenser
Flow Basis Molar
Spec Value 16.4

If the column has not converged at this point, ensure the Run
TF & Column Solver icon is active.

Run Column Solver icon

e s P 1.4 RESUItS

(red)

Go to the Workbook of the Column:T-100 column environment to check
the following results.
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Results

Material Streams Tab

-Iolx
Mame Feed Fiect Out Enilup ToFRect To Rebailer
“apour Fraction 1.0000 0.0000 1.0000 1.0000 0.0000
Temperature [F] 126.7 1211 1351 1211 1350
Pressure [psia] 300.0 290.0 300.0 2900 300.0
Malar Flow [lbmole/hr] 1350 1.294e-+004 1.284e+004 1.372e+004 1.341e+004
Maszs Flow [Ib/hr] 5. 790e-+004 5.502e-+005 5.639e-+005 5.828e-+005 5.892e+005
Liguid Volume Flow [barrel/day] 7E38 7 27Be+004 7 E04e+004 ¥ 705e+004 7.945e+004
Heat Flow [Brushi] -1.729e-+007 -1.048e-+008 -5.158e-+008 -3.209e-+007 -6.060e+008
Mame Fropang Fieflx To Condenger Fropene * Mew =
“apour Fraction 0.0000 0.0000 1.0000 0.0000
Temperature [F] 1381 116.0 116.0 116.0
Pressure [psia] 300.0 280.0 280.0 280.0
Malar Flow [lbmole/hr] G744 1.271e+004 1.349e-+004 7781
Maszs Flow [Ib/hr] 2527e+004 5.352e-+005 5.678e-+005 3.263e+004
Liguid Volume Flow [barrel/day] 3408 7 036e+004 7 d6Re+004 4290
Heat Flow [Brushi] -2 B2Ge-+007 3.350e+007 1.064e+005 2.043e+008

=

Material Streams I Compositions I Energy Streams I Urit Ops |
Feed @ ain
Stripper 1l Show Name Only
Mumber of Hidden Objects: 0

Compositions Tab

Figure P1.4
¥orkbook - T-100 (COL1) i =] 3]
Mame Feed Rect Out Boilup To Rect To Rebaoiler
Comp Male Frac [Workbook) [P 0.4000 0.2145 0.9153 0.2023 0.9157
Comp Male Frac [workbook) [Pr 0.6000 0.7855 0.0847 0.7371 0.0543
Mame Fropane Fiefluz | To Condenser Fropene = Mew ™
Comp Mole Frac [ orkbaaok] [Pr 0.9251 0.0105 0.0105 0.0105
Comp Mole Frac [Warkbaok) [Pr 0.0743 0.9895 0.9895 0.9895

_—
Material Streams  Compositions | Energy Streams | Unit Ops

Feed @tain
Stripper [ Show Name Orly

MNurnber of Hidden Objects: 1]
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Energy Streams Tab

Workbook - T-100 {COL1) - 1ol =l
Mame Feboiler Cuty | Condenser Duty = W
Heat Flow [Btu/hr] B.396e+007 7.090e+007

I aterial Streams I Compositions  Energy Streams | Unit Ops |

Fieboiler

[ Show Name Only
Mumber of Hidden Objects: 1]

P1-9



P1-10 Results

P1-10



Ethanol Plant Cil-1

C1 Ethanol Plant

CL.1 Process DESCIIPLION ....viiei et 2
O 1= 1 o 4
C1.3 Steady State SIMulation ... 5
C1.3.1 AddING SIrEAMS ... eeeeeiiii e eeeeii e e e et e e e e e e e e e eaeb e e eeeees 5
C1.3.2 Installing EQUIPMENT.....ccuuuniiiiiiiiie e 5
C1.3.3 Draw Stream LOCALION .......coeeeeeuieieeeieeiiieeeeeeetien e e e eeaeieeeeeeees 10
CL.4 RESUILS ... e 12

Ci1-1



C1-2

To see this case
completely solved,
see your UniSim
Design\Samples\
directory and open
the C-2.usc file.

Process Description

C1.1 Process Description

Typically, an ethanol fermentation process produces mainly Ethanol plus
small quantities of several by-products: methanol, 1-propanol, 2-
propanol, 1-butanol, 3-methyl-1-butanol, 2-pentanol, acetic acid, and

Figure C1.1
— ! o
CO2_Stream
— e
Wash_H20
o2 -y Light_Went
Wash _
To_CoZwash == CondDuty
o To_Fermentor = 2ndEtOH
—
FramFerm
CO2_vent
8 = RECt Yap
| To_Light To Rect ey RECTCONAG
— d —p Rect_Dist
- Rect_Feed 1 =+ 15iProd
Beer LIE{IS == Fusel
4= Ract_RehQ
Steama I —Stillage
f———-—
cone Stillage_a Rest

Ethanol and Water form an azeotropic mixture at 1 atm. Therefore, with
simple distillation, the ethanol and water mixture can only be
concentrated up to the azeotropic concentration.

The CO2 produced in the fermentation vessel carries some ethanol. This
CO2 stream is washed with water in a vessel (CO2 Wash) to recover the
Ethanol, which is recycled to the fermentor.

-t
C02_Stream

————
Wash H20

W WM -
=
w

————— 3]
To_CO2¥Wash

L

—
To_Fermentar

The Ethanol rich product stream from the fermentor is sent to a
concentration (Conc) tower. An absorber with a side vapour draw can be
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used to represent this tower.

The top vapour is fed to a light purification tower (Lights) where most
of the remaining CO2 and some light alcohols are vented. The bottom
product of this light tower is fed to the Rectifier.

Figure C1.3

==+ To_Light

D—‘

=y Light_‘/ent
Ta
Condenser

Bear m—p—

= CondDuty

Reflux Condens? 2ndELoH

—== Rect Feed

o
Aa B[ [onfeo|m ]

SteamA =——=

D
E Main TS
3

—
Tao_Light

-

- Sill 3 e_A = To_Rect

The side vapour draw from the Concentrator is the main feed for the
Rectifier. The Rectifier is operated as a conventional distillation tower.
The product of this tower is taken from Stage 2 so to have an
azeotropic ethanol product with a lesser methanol contamination.
Methanol concentrates towards the top stages, so a small distillate
draw is provided at the condenser. Also, a small vent for CO2 is
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Fusel oils are a mixture
of propanols, butanols,
and pentanols that have
a potential value superior
to that of ethanol.
Accumulation of fusel oils
in the Rectification Tower
can cause the formation
of a second liquid phase
and subsequent
deterioration of
performance for these
trays, so small side liquid
draws of fusel oils are
installed on the rectifier
to avoid this problem.

Setup

provided at the condenser.

Figure C1.4

—
To Rect_“ap
Condenser

)—‘

=y Rect_Condo

A =pFect_Dist
RefluxCondenser

=+ 1 stProd

To_Rect

—)
Fuszel

il

Rect_Feed

mininInInIN ATl T[]

x == Roct_RebQ
Boilup

Msbuiler

= Stillagel
Rehailer

Another factor of interest is the concentration of heavy alcohols in the
interior of the Rectifier. These alcohols are normally referred to as Fusel
oils, and a small side liquid draw is provided in the Rectifier to recover
these components.

There are two general steps in this process simulation:

1.

Setup. The NRTL property package and the UNIFAC VLE estimation
method will be used for this case. The Components list includes
Ethanol, H20, CO2, Methanol, Acetic Acid, 1- Propanol, 2-Propanol,
1-Butanol, 3-M-1-C4ol, 2-Pentanol and Glycerol.

Steady State Simulation. This case will use a separator, two
absorbers, a refluxed absorber and a distillation column.

Cl.2 Setup

1.
2.

In the Session Preferences view, set the unit set to SI.

In the Component List view, select the following components:
Ethanol, H20, CO2, Methanol, Acetic Acid, 1-Propanol, 2-
Propanol, 1-Butanol, 3-M-1-C4ol, 2-Pentanol, and Glycerol.

In the Fluid Package view, select NRTL as the property package.

On the Binary Coeffs tab of the Fluid Package view, select the
UNIFAC VLE radio button and click the Unknowns Only button to
estimate the missing interaction parameters.
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Once you have entered
the Mole Fractions for
the stream FromFerm,
the Mole Fractions will
not add up to 1.00. Click
the Normalize button
and the total Mole
Fraction will equal 1.00.

C1.3 Steady State Simulation
C1.3.1 Adding Streams

Enter the Simulation environment and add the material streams
defined below.

Name ‘ Wash H20 ‘ FromFerm ‘ Steam A

In this cell... Enter... Enter... Enter...
Temperature [C] 25 30 140
Pressure [kPa] 101.3250 101.3250 101.3250
Molar Flow [kgmole/Zhr] 130 2400

Mass Flow [kgZhr] 11000
Comp Mole Frac [Ethanol] 0.0000 0.0269 0.0000
Comp Mole Frac [H20] 1.0000 0.9464 1.0000
Comp Mole Frac [CO2] 0.0000 0.0266 0.0000
Comp Mole Frac [Methanol] 0.0000 2.693e-05 0.0000
Comp Mole Frac [Acetic Acid] | 0.0000 3.326e-06 0.0000
Comp Mole Frac [1-Propanol] | 0.0000 9.077e-06 0.0000
Comp Mole Frac [2-Propanol] | 0.0000 9.096e-06 0.0000
Comp Mole Frac [1-Butanol] 0.0000 6.578e-06 0.0000
Comp Mole Frac [3-M-1-C4o0l] | 0.0000 2.148e-05 0.0000
Comp Mole Frac [2-Pentanol] | 0.0000 5.426e-06 0.0000
Comp Mole Frac [Glycerol] 0.0000 6.64e-06 0.0000

C1.3.2 Installing Equipment
CO2 Vent Separator

The CO2Vent Separator separates the products from the fermentor. The
bottom liquid of the separator is sent to the distillation section of the
plant (Concentrator Tower), while the overhead vapour goes to the
CO2Wash Tower.

Install a Separator and make the connections shown below.

SEPARATOR [CO2 Vent]

Tab [Page] In this cell... Enter...

Design Inlets FromFerm

[Connections] Vapour Outlet To CO2Wash
Liquid Outlet Beer
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Steady State Simulation

CO2 Wash Tower

Water is used to strip any Ethanol entrained in the off gas mixture, thus
producing an overhead of essentially pure CO2. The bottom product
from the tower is recycled to the Fermentor, however, the recycle is not
a concern in this example.
1. Before installing the column, select Preferences from the UniSim
Design Tools menu.

2. On the Options page of the Simulation tab, ensure that the Use

Input Experts checkbox is checked, then close the view.

3. Install the CO2 Wash Tower as a simple Absorber.

Absorber [CO2WASH]

Tab [Page] In this cell... Enter...
Connections No. of Stages 10
Top Stage Inlet Wash H20
Bottom Stage Inlet To CO2Wash
Ovhd Vapour CO2 Stream
Bottoms Liquid To fermentor
Pressure Top Stage 101.325 kPa
Profile Bottom Stage 101.325 kPa

4. Click the Run button in the Column property view to calculate the
CO2 Wash Tower product streams.

Concentrator

1. Install the Concentrator as an Absorber with a side vapour draw.

Absorber [CONC]

Tab [Page] In this cell... Enter...
Connections No. of Stages 17
Top Stage Inlet Beer
Bottom Stage Inlet Steam A
Ovhd Vapour To Light
Bottoms Liquid Stillage A

Side Draw Vapour

Rect Feed (Stage 6)

Pressure Profile Top Stage 101.325 kPa
Bottom Stage 102.325 kPa

Temperature Condenser Temperature 90°C

Estimates Reboiler Temperature 110°C
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You might have to
deactivate the default
Rect Feed Rate
specification to converge
the column.

2. Create and define the following specifications to fully specify the

column.

Specifications

Tab [Page] In this cell... Enter...

Design [Specs] Comp Recovery Active
Draw Rect Feed
SpecValue 0.95
Component Ethanol
Draw Rate 1 Estimate
Draw Rect Feed
Flow Basis Mass
Spec Value 5000 kg/h
Draw Rate 2 Estimate
Draw To_Light
Flow Basis Molar
Spec Value 1000 kgmole/h

3. Click the Run button in the Column property view to calculate the

Concentrator product streams.

Lights

1. Add the Lights Tower purification tower, modeled as a Refluxed

Absorber, and define as indicated below.

Refluxed Absorber [Lights]

Tab [Page] In this cell... Enter...
Connections No. of Stages 5
Bottom Inlet Streams To Light
Condenser Type Partial
Ovhd Vapour Light Vent
Ovhd Liquid 2ndEtOH
Bottoms Liquid To Rect
Cond. Energy CondDuty
Pressure Profile Condenser 101.325 kPa
Bottom Stage 101.325 kPa

2. Delete the default Btms Prod Rate and Reflux Rate specifications

from the Column Specification group.
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Steady State Simulation

3. Add the following new column specifications (Design tab, Specs

page).

Specifications

Tab [Page] In this cell... Enter...
Design [Specs] Vap Prod Rate Active
Draw Light_Vent
Flow Basis Molar
Spec Value 1.6 kgmole/hr
Comp Fraction Active
Stage Condenser
Flow Basis Mass Fraction
Phase Liquid
Spec Value 0.88
Component Ethanol
Reflux Ratio Estimate
Stage Condenser
Flow Basis Molar
Spec Value 5.00
Distillate Rate Estimate
Draw 2ndEtOH
Flow Basis Molar
Spec Value 2.10 kgmole/hr

4. If required, click the Run button in the Column property view to
calculate the Light Tower product streams.

Rectifier

The primary product from a plant such as this would be the azeotropic
mixture of ethanol and water. The Rectifier serves to concentrate the
water/ethanol mixture to near azeotropic composition. The Rectifier is

operated as a conventional distillation tower. It contains a partial
condenser as well as a reboiler.

1. Add the Rectifier column, modeled as a distillation tower, and define
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Ethanol Plant

it using the following information.

Column [RECT]

Tab [Page]

In this cell...

C1-9

Enter...

Connections

No. of Stages

29

Inlet Streams [Stage]

To Rect [19], Rect_Feed
[22]

Condenser Type Partial
Ovhd Vapour Rect Vap
Ovhd Liquid Rect Dist
Bottoms Liquid Stillage B
Reboiler Energy Rect RebQ
Condenser Energy Rect CondQ
Side Draw Liquid [Stage] 1st Prod [2], Fusel [20]
Pressure Profile Condenser Pressure 101.325 kPa
Reboiler Pressure 101.325 kPa
Temperature Condenser 79°C
Estimates Reboiler 100°C

2. Delete the default Btms Prod Rate and Reflux Rate specifications
before adding the new specifications. Delete all specifications that
do not appear in the following table.
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C1-10 Steady State Simulation

3. Define the following specifications (Design tab, Specs page). Also,
set the damping factor to accelerate the convergence.

Specifications

Tab [Page] In this cell... Enter...
Design [Specs] Reflux Ratio Active
Stage Condenser
Flow Basis Molar
Spec Value 7100
Ovhd Vap Rate Active
Draw Rect_Vap
Flow Basis Molar
Spec Value 0.100 kgmole/hr
Draw Rate Active
Draw Rect _Dist
Flow Basis Mass
Spec Value 2.00 kg/hr
Comp Frac Active
Stage 2_Main TS
Flow Basis Mass Fraction
Phase Liquid
Spec Value 0.95
Component Ethanol
Fusel Draw Rate Active
Draw Fusel
Flow Basis Mass
Spec Value 3.00 kg/hr
1stProd Draw Rate Estimate
Draw 1stProd
Flow Basis Molar
Spec Value 68.00 kgmole/hr

Parameters [Solver]

Damping Factor
Fixed

0.25

Azeotrope Check

ON

4. Click the Run button to solve the column.

C1.3.3 Draw Stream Location

The side liquid draw, Fusel, is added at stage 20. To determine if this is
an appropriate stage to recover the heavy alcohols, view the stage-by-
stage composition profile.

1. To examine this information, click the Parameters tab in the
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Column property view.

2. Select the Estimates page. In this view you can see the
Composition Estimates of each tray.

Figure C1.5

Column: Rect / COL4 Fluid Pkg: Basis MRTL - Ideal -0 5'
Parameters —Composzition E stimate:
Profiles Ethanol Hz20 co2 Methanol | Aceficdcid | 1-Propanal _ﬂ Clear Tray |
) Condenser 03866 01090 | 2171e-006 | 21622003 | 2378020 | 4.840e-008
[P etz 1_Main TS 08860 01124 | 2134e-003 | 1.393e-003 | 1127013 | 9.438e-006 Clear All Trays |
Efficiencies 2_MainTS 08826 01163 | 2095¢-010 | 6.988e-004 | 5.344e019 | 1.837e-005
Solver 3_MainTS 05764 01207 | 2073-010 | 5805004 | 2535018 | 3.568e-005 Update |
4_Main TS 08736 01256 | 2066e-010 | 3.892e-004 | 1.140e017 | 6.633e-005
2/3 Phase 5 ManT5 08693 01309 | 2059010 | 2742004 | 5075017 | 1.232¢-004 &I
B_Main TS 08622 01369 | 2051e-010 | 2.050e-004 | 2254e 016 | 2.242e-004 .
- Normalize Trays |
7_MainTS 08553 01437 | 2041e-010 | 1.634e-004 | 1.002e-015 | 4.048e-004
8_MainTS 08472 01514 | 2031e-010 | 1.384e-004 | 4455015 | 7.262e-004 L Ealietes |
9_Main TS 08376 01603 | 2019e-010 | 1.235e-004 | 1.983e014 | 1.295¢-003 =
10_Main TS 08261 01708 | 2006e-010 | 1.147e-004 | 8833014 | 22942003 Unlock Estimates |
11_Main TS 08118 01634 | 1.991e-010 | 1.096e-004 | 3937013 | 4.030e-003
12_Main TS 07337 01985 | 1.975e-010 | 1.067e-004 | 1.756e012 | 7.007e-003 Phas
13_Main TS 07702 02170 | 1.957e-010 | 1.051e-004 | 7829012 | 1.201e-002  Vap @ Lig
14__Main TS 0.7391 02395 | 1.939-010 | 1.041e-004 | 3487011 | 2.018e-002
15_Main TS 06377 0.2682 | 1.922e-010 | 1.033e-004 | 1.549e010 | 3.297e-002
16__Main TS 06430 03037 | 1.906e-010 | 1.020e-004 | E.853e010 | 5171002
17_Main TS 05727 03477 | 1.894e-010 | 9.977e-005 | 3007003 | 7.647e-002
18_Main TS 04869 04013 | 1.884e-010 | 9568005 | 1.303e-008 01040
19_Main TS 03306 0.4646 | 1.676e-010 | B.910e-005 | 5538008 01261
20__Main TS! 02369 05305 | 1.351e-013 | B.014e-005 | 1.398e-007 01338
21_Main TS 02157 05370 | 9.749e-017 | 6985005 | 4661007 01213
22_Man TS 013685 07155 | 1256018 | 5.763e005 | 1.516-006 | 77232002 |12
21 MaimTol o 760000 07443 | 10972021 | 29002005 | 1 524-006 | £ 5a2..0n0
<] LIJ
S — e
Design Palamelelsl Side Ops I R ating I ‘wiorksheet I Perfoimance I Flowishest I Reactions I Dynamics |
Delete | Column Environment. .. | FRun | Bleset | L Comveged | [¥ Update Outlzts [~ lgnored

3. To view the 1-Propanol composition on Tray 20, scroll through the
group until you can see Tray 20 and the 1-Propanol component.

Stage 20 has a high concentration of 1-Propanol (which has the
greatest concentration among the heavy alcohols). Therefore, we
have selected the appropriate stage for the Fusel draw.
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C1.4 Results
Workbook Case (Main)

Material Streams Tab

Workbook - Case (Main) g@@
Name wiash H20 From Ferm Steam & To CO2w ash Beer |«
“apour Fraction 0.0000 2.770e-002 1.000 1.000 0.0000 ||
Temperature [C] 25.00 30.00 140.0 30.00 30.00 T
Pressure [kPa] 101.3 101.3 101.3 101.3 101.3
tolar Flow [kamolesh] 130.0 2400 6106 BE.47 2334
Mass Flow [kosh] 2342 4. 672e+004 1.100e+004 2857 4.386e+004
Liquid Yolume Flow [m3sh] 2.347 48,16 11.02 3.454 44.70
Heat Flow [kl /h] -3.704e+007 -5.892e+008 -1.448e+008 -2.857e+007 -B.636e+008
N arne CO2 stream Ta fermentar To Light Stillage A Fect Feed
‘fapour Fraction 1.000 0.0000 1.000 (0.0000 1.000
Temperature [C] 26.06 33.34 85.86 100.0 94.76
Pressure [kPa] 101.3 101.3 101.3 101.3 101.3
tolar Flow [kamolesh] B4.72 131.8 9.963 2616 3181
Mass Flow [kosh] 2792 2407 300.4 4.713e+004 7428
Liquid Yolume Flow [m3sh] 3378 2426 0.3434 47.23 8.152
Heat Flow [kl /h] -2.515e+007 -3.745e+007 -2.542e+008 -7.305e+008 -7.540e+007
N arne Light ent ZndEtOH To Rect Rect Wap Rect Dist
“apour Fraction 1.000 0.0000 0.0000 1.000 0.0000
Temperature [C] 4E.33 4E.33 80.72 780 780
Pressure [kPa] 101.3 101.3 101.3 101.3 101.3
tolar Flow [komoledh] 1.600 2.625 5.744 1.000e-001 4.653e-002
Mass Flow [kash] 58,90 1025 129.0 4.305 2.000
Liquid Yolume Flow [m3/h] 8.379e-002 01257 01399 5.360e-003 2.489e-003
Heat Flow [ki/h] -5.678e+005 -7.274e+005 -1.603e+008 -2.324e+004 -1.261e+004 |

= Material Streams | Compositions J Energy Streams J Unit Dpz J
Fluid Pk | Al =~
T103
[ Include Sub-Flawsheets
[0 Show Name Oriy
v Horizontal b atriz Mumber of Hidden Objects: 0
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Compositions Tab

=]
Mame Wash H20 FromFerm Steam A | ToCO2'Wash Beer CO2 Stream |
Comp Mole Frac [Ethanal] 0.0000 0.0269 0.0000 0.0170 0.0272 0ooon) |
Comp Mole Frac [H20] 1.0000 09464 1.0000 0.0409 0572z 0.0333
Camp Male Frac [CO2) 0.0000 0.0266 0.0000 0.3421 0.0005 0.9667
Comp Mole Frac [Methanal) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [AceticAcid 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [1-Propanal 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [2-Propanal 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [1-Butanal] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [3-44-1-C4al] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Camp Male Frac [2-Pentancl] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [Glyceral) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MName To Fermentar To Light Stillage A, Rect Feed Light “ent 2ndEtOH
Comp Mole Frac [Ethanol] 0.0026 0.3164 0.0000 01303 01830 0.7451
Camp Male Frac [H20] 09910 0.5610 1.0000 0.8031 0.0517 0.2524
Comp Mole Frac [CO2) 0.0005 01213 0.0000 0.0000 0.7583 0.0007
Comp Mole Frac [Methanal] 0.0000 0.0002 0.0000 0.0002 0.0001 0.0004
Camp Male Frac [&ceticAcid) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [1-Propanal 0.0000 0.0003 0.0000 0.0001 0.0001 0.0006
Comp Mole Frac [2-Propanal 0.0000 0.0003 0.0000 0.0001 0.0002 0.0008
Comp Mole Frac [1-Butanol] 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
Camp Male Frac [3-M-1-Cdol] 0.0000 0.00071 0.0000 0.0002 0.0000 0.0000
Comp Mol Frac [2-Pentanal] 0.0000 0.0003 0.0000 0.0000 0.0000 0.0001
Comp Mole Frac [Glyceral] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Name ToRect RectVap Rect Dist Stillage B T3t Prod Fusel
Comp Mole Frac [Ethanal] 01813 0.8883 0.8886 0.0002 0.8826 0.2969
Comp Mole Frac [H20) 0.8473 01057 0.1030 0.5335 01163 0.5305
Comp Mole Frac [CO2) 0.0000 0.0024 0.0000 0.0000 0.0000 0.0000
Camp Male Frac [Methanal] 0.00071 0.0034 0.0022 0.0000 0.0009 0.0001
Comp Mole Frac [AceticAcid 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [1-Propanal 0.0003 0.0000 0.0000 0.0000 0.0000 01338
Comp Mole Frac [2-Propanal 0.0001 0.0002 0.0002 0.0000 0.0003 0.0003
Comp Mole Frac [1-Butanal] 0.0003 0.0000 0.0000 0.0001 0.0000 0.0035
Comp Mole Frac [3-44-1-C4al] 0.0002 0.0000 0.0000 0.0002 0.0000 0.0000 =l
Material Sreams  Compositions | Energy Streams | Unit Ops
FeedeBlock wash H20 [ Include Sub-Flowshests
C02'Wash [ Show Hame Only
Mumber of Hidden Objects: o

Energy Streams Tab

Workbook s (Main) ] 23

Name Condliut: RectReb Rect CondCl
Heat Flow [kJ/h] 3.584e+005 2 764e+007 4.043e+007
Name = Mew ™

Heat Flow [kd/h]

Material Streams I Compasitions  Energy Streams -UnitDps

Lights D Include Sub-Flowshests
[ Show Name Qrily
Murnber of Hidden Objects: 1}
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Process Description

C2.1 Process Description
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The production of synthesis gas is an important part of the overall
process of synthesizing ammonia. The conversion of natural gas into
the feed for the ammonia plant is modeled using three conversion
reactions and an equilibrium reaction. To facilitate the production of
ammonia, the molar ratio of hydrogen to nitrogen in the synthesis gas
is controlled near 3:1. This ratio represents the stoichiometric amounts
of the reactants in the ammonia process.

In a typical synthesis gas process, four reactors are needed. This model
requires five reactors since the conversion and equilibrium reactions
cannot be placed in the same reaction set and thus cannot be placed in
the same reactor. The Combustor is separated into a conversion reactor
and an equilibrium reactor.

Desulfurized natural gas is the source of hydrogen in this example,
which is reformed in a conversion reactor (Reformer) when combined
with steam. Air is added to the second reactor at a controlled flow rate
such that the desired ratio of H2:N2 in the synthesis gas is attained.

The oxygen from the air is consumed in an exothermic combustion
reaction while the inert nitrogen passes through the system. The
addition of steam serves the dual purpose of maintaining the reactor
temperature and ensuring that the excess methane from the natural
gas stream is consumed. In the last two reactors, the water-gas shift
equilibrium reaction takes place as the temperature of the stream is

Cc2-2



Synthesis Gas Production C2-3

Refer to Chapter 5 -
Reactions in the
UniSim Design
Simulation Basis
Guide for more
information about how to
define reactions and
reaction sets.

successively lowered.

There are two general steps in this process simulation:

1.

Setup. In this step the Fluid package, Reaction sets and Reaction
components are selected. The Reaction Component list includes
CH4, H20, CO, CO2, H2, N2 and O2.

Steady State Simulation. The case will be built in steady state
with the following key unit ops:
< Reformer. A conversion reactor in which most of the methane is

reacted with steam to produce hydrogen, carbon monoxide and
carbon dioxide.
e Combustor. A second conversion reactor, which takes the

product of the Reformer, an Air stream and a Comb. Steam
stream as the feeds to the reactor.

= Shift Reactors. A series of equilibrium reactors in which the
water gas shift reaction occurs.

C2.2 Setup

1.

2.

In the Session Preferences view, select Field unit set for this
application.

In the Component List view, select the following components:
methane, water, carbon monoxide, carbon dioxide,
hydrogen, nitrogen, and oxygen.

In the Fluid Package view, select the Peng-Robinson property
package.

Go to the Rxns tab, and add the Global Rxn Set to the current
reaction sets.

Defining the Reactions

In this application, there are three conversion reactions and one
equilibrium reaction.

Conversion Reactions

The reforming reactions are as follows:

CH, +H,0 — CO +3H, (OZY)

CH, +2H,0 — CO, + 4H, (C2.2)
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The Rxn Components
group only shows the
components associated

with the Fluid Package(s).

To add or edit
components, select the
Add Comps button. The
new components will
automatically be added to
any fluid package that
uses the reaction.

Setup

The combustion reaction is as follows:

CH, +20, —» CO, +2H,0

Equilibrium Reaction

The water-gas shift reaction is as follows:

CO+H,04>CO, +H,

To define the reaction:
1. In the Simulation Basis Manager view, go to the Reactions tab.
The reaction components are attached based on the associated fluid

package and are listed in the Rxn Components group.

2. Add the two reforming reactions using the following data:

Reaction [Rxn-1]

Reactions View Type Conversion
Tab In this cell... Enter...
Stoichiometry Component (Stoich. Methane (-1)
Coeff.) Water (-1)
CO (1)
Hydrogen (3)
Basis Base Component Methane
Rxn Phase VaporPhase
Conversion 40% (Co)
Comments CH4 + H20 g CO + 3H2

Reaction [Rxn-2]

Reactions View Type Conversion
Tab In this cell... Enter...
Stoichiometry Component (Stoich. Methane (-1)
Coeff.) Water (-2)
Cco2 (1)
Hydrogen (4)
Basis Base Component Methane
Rxn Phase VaporPhase
Conversion 30% (Co)
Comments CH4 + 2H20 g CO2 + 4H2

€23)

(C24)
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Synthesis Gas Production C2-5

In the table of reaction
sets, RXN-1 and RXN-2
appear in both the first
and second reaction
sets.

3. Add the combustion reaction using the following data:

Reaction [Rxn-3]

Reactions View Type Conversion
Tab In this cell... Enter...
Stoichiometry Component (Stoich. Methane (-1)
Coeff.) Oxygen (-2)
co2 (1)
Water (2)
Basis Base Component Methane
Rxn Phase VaporPhase
Conversion 100%
Comments CH4 + 202 g CO2 + 2H20

UniSim Design contains a library of equilibrium reactions. To add
the equilibrium reaction:

4. On the Reactions view, select Equilibrium and click the Add
Reaction button.

5. In the Equilibrium Reaction view, go to the Library tab, select CO +
H20 = CO2 + H2, and click the Add Library Rxn button.

UniSim Design provides the equilibrium data and all other pertinent
information for the reaction.

Defining Reaction Sets

In UniSim Design, each reactor operation may have only one reaction
set attached to it, however, a reaction may appear in multiple reaction
sets. In this case, you only have to provide three reaction sets for all
five reactors.

1. On the Reactions tab of the Simulation Basis Manager view, click

the Add Set button to add new reaction sets. Define the following
reactions sets:

Reaction Set Name ‘ Active Reactions

Reformer Rxn Set Rxn-1, Rxn-2
Combustor Rxn Set Rxn-1, Rxn-2, Rxn-3
Shift Rxn Set Rxn-4

To attach the reaction sets to the Fluid Package:

2. On the Reactions tab of the Simulation Basis Manager, select a
Reaction Set and click the Add to FP button.
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C2-6 Steady State Simulation

3. In the Add view, select a fluid package from the list and click the
Add Set to Fluid Package button. Repeat the procedure for the
other two reaction sets.

C2.3 Steady State Simulation

Installing Streams

Here you will define the two feed streams to the first reactor (Natural
Gas and Reformer Steam). The Comb. Steam stream and the Air
stream will also be defined. The pressures of the steam and air streams
will be specified later using SET operations. Install and define the
streams as indicated.

Natural Gas Reformer Steam i Comb. Steam
Temperature[F] 700.0 475.0 60.0 475.0
Pressure [psia] 500.0 <empty> <empty> <empty>
Molar Flow [Ibmole/hr] 200.0 520.0 200.0** 300.0**
Comp Mole Frac [CH4] 1.0000 0.0000 0.0000 0.0000
Comp Mole Frac [H20] 0.0000 1.0000 0.0000 1.0000
Comp Mole Frac [CO] 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [CO2] 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [H2] 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [N2] 0.0000 0.0000 0.7900 0.0000
Comp Mole Frac [02] 0.0000 0.0000 0.2100 0.0000
COMMENTS: ** signifies initialized values; the molar flows of Air and Comb. Steam will be
manipulated by Adjust-2 and Adjust-1 respectively.

C2.3.1 Building the Flowsheet

Set Operations

An alternative method Install the following Set operations to specify the pressures of the
for setting the steam steam and air streams. Install these before installing the Reformer so

and air pressures is to . . .
import the Natural Gas the reactor is calculated when you install it.

pressure to a
Spreadsheet, copy the _

value for each of the Set [SET-1]

other streams and Tab In this cell... Enter...

export the copied values
to the streams

Connections Target Object Reformer Steam

Target Variable Pressure

Source Object Natural Gas
Parameters Multiplier 1
Offset 0
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Set [SET-2]

Tab In this cell...

Enter...

Connections

Target Object

Comb. Steam

Target Variable

Pressure

Source Object

Natural Gas

Parameters

Multiplier 1

Offset

0

Set [SET-3]

Tab In This Cell...

Enter

Connections

Target Object Air

Target Variable

Pressure

Source Object

Natural Gas

Parameters

Multiplier 1

Offset

0

Installing the Reformer

The Reformer is a conversion reactor in which most of the methane is
reacted with steam to produce hydrogen, carbon monoxide, and carbon
dioxide. The outlet gas will also contain the unreacted methane and
excess water vapour from the steam. The overall conversion of the two

reactions in the Reformer is 70%. Rxn-1, which produces carbon

c2-7

monoxide and hydrogen, has a conversion of 40%, while Rxn-2 has a
conversion rate of 30%.

The two reforming reactions are endothermic, so heat must be supplied

to the reactor to maintain the reactor temperature. Specify the

temperature of the outlet stream, Combustor Feed, at 1700 °F, so that

UniSim Design will calculate the required duty.

Install the reactor and define it as indicated below.

Conversion Reactor [Reformer]

Tab [Page]

In this cell...

Enter...

Design
[Connections]

Inlets

Natural Gas

Reformer Steam

Vapour Outlet

Combustor Feed

[Conditions]

Temperature

Liquid Outlet Reformer Liq

Energy Reformer Q
Design [Parameters] Optional Heat Transfer Heating
Worksheet Combustor Feed 1700 °F

Reactions [Details]

Reaction Set

Reformer Rxn Set

Comments

CH4 + H20 g CO + 3H2

CH4 + 2H20 g CO2 + 4H2
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C2-8 Steady State Simulation

This reactor is adiabatic,
so there is no energy
stream and you do not
have to specify the outlet
temperature.

Reactions of equal
ranking can have an
overall specified
conversion between 0%
and 100%.

Installing the Combustor

The Combustor is the second conversion reactor. The feed streams for
the Combustor include the Reformer product, Air stream and Comb.
Steam streams. The air stream is the source of the nitrogen for the
required H2:N2 ratio in the synthesis end product. The oxygen in the air
is consumed in the combustion of methane. Any remaining methane in
the Combustor is eliminated by this reaction.

UniSim Design automatically ranks the three reactions in the
Combustor Rxn Set. Since H20 is a reactant in the combustion reaction
(Rxn-1) and is a product in the two reforming reactions (Rxn-2 and
Rxn-3), UniSim Design provides a lower rank for the combustion
reaction. An equal rank is given to the reforming reactions. With this
ranking, the combustion reaction proceeds until its specified conversion
is met or a limiting reactant is depleted. The reforming reactions then
proceed based on the remaining methane.

Install the Combustor and define it as indicated below.

Conversion Reactor [Combustor]

Tab [Page] In this cell... Enter...
Design Inlets Combustor Feed
[Connections] Air
Comb. Steam

Vapour Outlet Mid Combust

Liquid Outlet Mid Liq
Reactions Reaction Set Combustor Rxn Set
[Details] Rxn-1 Conversion 35%

Rxn-2 Conversion 65%

Rxn-3 Conversion 100%
Comments CH4 + H20 g CO + 3H2

CH4 + 2H20 g CO2 + 4H2

CH4 + 202 g CO2 + 2H20

Shift Reactors

The three shift reactors are all equilibrium reactors within which the
water-gas shift reaction occurs. In the Combustor Shift reactor, the
equilibrium shift reaction takes place and would occur with the
reactions in the Combustor. A separate reactor must be used in the
model because equilibrium and conversion reactions cannot be
combined within a reaction set.
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The same Adjust could be
accomplished by selecting
the temperature of the
stream Shiftl Feed.

Install the following three equilibrium reactors as shown below:

Equilibrium Reactor [Combustor Shift]

Cc2-9

Tab [Page] In this cell... Enter...
Design Inlets Mid Combust
[Connections] Vapour Outlet Shiftl Feed
Liquid Outlet Mid Com Liq
Reactions [Details] Reaction Set Shift Rxn Set
Comments Reaction: CO + H20 n CO2 + H2
Tab [Page] In this cell... Enter...
Design [Connections] Inlets Shiftl Feed
Vapour Outlet Shift2 Feed
Liquid Outlet Shiftl Lig
Energy Shiftl Q
Design [Parameters] Optional Heat Transfer Cooling
Worksheet [Conditions] Shift2 Feed Temperature 850°F
Reactions [Details] Reaction Set Shift Rxn Set
Comments Reaction: CO + H20 n CO2 + H2

Equilibrium Reactor [Shift Reactor 2]

Tab [Page] In this cell... Enter...
Design Feeds Shift2 Feed
[Connections] Vapour Outlet Synthesis Gas
Liquid Outlet Shift2 Liq
Energy Shift2 Q
Design [Parameters] Optional Heat Transfer Cooling
Worksheet Synthesis Gas Temperature 750°F
[Conditions]
Reactions [Details] Reaction Set Shift Rxn Set
Comments Reaction: CO + H20 n CO2 + H2

C2.3.2 Installing Adjust
Operations

Steam flow Rate

To control the temperature of the combustion reaction, the flow rate of
steam to the Combustor is adjusted. Since the Combustor is modeled
as two separate reactors, the temperature of the equilibrium reactor
(Combustor Shift) is targeted.

An ADJUST operation is used to manipulate the Comb. Steam flow rate
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C2-10 Steady State Simulation

to maintain the Combustor Shift temperature at 1700°F.

Adjust [ADJ-1]

Tab In this cell... Enter...

Connections Adjusted Object Comb. Steam
Adjusted Variable Molar Flow
Target Object Combustor Shift
Target Variable Vessel Temp.
Spec. Target Value 1700°F

Parameters Method Secant
Tolerance 0.1°F
Step Size 50 Ibmole/hr
Maximum lterations 25

Click the Start button to begin the Adjust operation.

Air Flow Rate

To control the H2:N2 molar ratio in the Synthesis Gas stream, calculate
the ratio in a Spreadsheet and then use an Adjust operation. The
Synthesis Gas should have an H2:N2 molar ratio slightly greater than
3:1. Prior to entering the ammonia plant, hydrogen is used to rid the
synthesis gas of any remaining CO and CO2.

1.

Create a Spreadsheet and change the Spreadsheet Name to
SSRatio. Import the following variables:

 Synthesis Gas, Comp. Molar Flow, Hydrogen

e Synthesis Gas, Comp. Molar Flow, Nitrogen

Assign the Hydrogen value to cell B1, and the Nitrogen value to cell
B2.

In cell B4, calculate the H2:N2 ratio using the following formula:
=B1[cell that contains flow of H2]/B2[cell that contains flow of N2]

The Spreadsheet tab of the Spreadsheet view should appear similar
to the following.

Figure C2.2

A B C D

1] Hydrogen | 623.0024 brnole/h T
Mitrogen | 158.0000 lbrole/h ()

H2MZ Ratio || 4.323

a @@ o= e ] =

[ I

=] Connections JParamEtels JFmrmuIas Spreadsheet | Calculation Order '
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4. Click the Parameters tab and define the Variable name for the B4
cell as H2:N2 Ratio.

5. Install the Adjust operation as shown below.

Adjust [ADJ-2]

Tab In this cell... Enter...

Connections Adjusted Variable Air Molar Flow
Target Variable SSRatio, B4: H2:N2 Ratio
Spec. Target Value 3.05

Parameters Method Secant
Tolerance 0.005 Ibmole/hr
Step Size 39.68 Ibmole/hr
Maximum lterations 20

6. Click the Start button to begin the Adjust operation.

The Secant method is used for both Adjust operations even though
each adjusted variable will have an effect on the other operation's
target variable. The close proximity of the logical operations in the
flowsheet increases the possibility of cycling behaviour if the
Simultaneous method is used. Therefore, it is advantageous to
attempt to iterate on one Adjust and then solve the other.

C2.4 Results

Go to the Workbook in the main simulation environment to check the
calculated results.

Energy Streams Tab

Mame M Refomer Shift1 @ Shift2 0
Heat Flow [Btushr] [ 2.238e+007 7.349e+008 1.282e+006
1 1 1 1 1

C2-11



c2-12 Results

Material Streams Tab
B Fiouec24 |

Mame Matural Gas ||| Reformer Stean Air Comb. Steam | Combustor Feet Fefarmer Lig Mid Combust | |
“apour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000 0.0000 10000 | |
Temperature [F] 700.0 475.0 E0.00 475.0 1700 1700 1479
Pressure [psia] 500.0 500.0 500.0 500.0 500.0 500.0 500.0
Molar Flow [Ibraclehr] 200.0 520.0 1072 5622 1000 0.0000 1260
Mass Flow [Ib/hr] 3209 9368 3092 934.8 1.258e+004 0.0000 1.666e+004
Liquid Yolume Flow [barrel/day] 7338 6427 2447 B8.26 1375 0.0000 2502
Heat Flow [Bu/hi] -5.115e+006 -5.254e+007 -2.574e+004 -5.580e+008 -3.528e+007 0.0000 -4.088e+007
MHame tid Lig Shift1 Feed tid Cam Lig Shift2 Feed Shiftl Lig | Synthesis Gas Shift2 Liq
“apour Fraction 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000
Temperature [F] 1479 1440 1440 850.0 850.0 7800 7B0.0
Pressure [psia] 500.0 500.0 500.0 500.0 500.0 500.0 500.0
Molar Flow [Ibraclehr] 0.0000 1260 0.0000 1260 0.0000 1260 0.0000
Mass Flow [Ib/hr] 0.0000 1.666e+004 0.0000 1.666e+004 0.0000 1.666e+004 0.0000
Liquid Yolume Flow [barrel/day] 0.0000 2447 0.0000 2590 0.0000 2620 0.0000
Heat Flow [Bu/hi] 0.0000 -4.088e+007 0.0000 -4.823e+007 0.0000 -4.951e+007 0.0000
Mame My ;I
—_—
Material Streams | Compositions I Energy Streams I Unit Ops |

Compositions Tab
B riouec2s |

Mame Matural Gaz | Reformer Stean Air Comb. Steam | Combustor Feet Fietarmer Lig Mid Combust | =
Comp Mole Frac [Methane] 1.0000 0.0000 0.0000 0.0000 0.0600 0.0600 noooo| |
Comp Mole Frac [H20] 0.0000 1.0000 0.0000 1.0000 0.3200 0.3200 0.2518
Cormp Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0800 0.0800 0.0770
Cormp Mole Frac (CO2) 0.0000 0.0000 0.0000 0.0000 0.0600 0.0600 0.0517
Comp Mole Frac (Hydrogen) 0.0000 0.0000 0.0000 0.0000 0.4800 0.4800 0.5222
Comp Male Frac [Mitrogen] 0.0000 0.0000 0.7900 0.0000 0.0000 0.0000 0.0672
Comp Mole Frac [Oxygen) 0.0000 0.0000 0.2100 0.0000 0.0000 0.0000 0.0000
Mame Hid Lig Shift1 Feed tid Camn Lig Shift2 Feed Shift1 Lig | Synthesiz Gas Shift? Lig
Comp Mole Frac [Methane] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac [H20) 0.2518 0.2738 0.2737 0.2171 0.2172 0.2043 0.2051
Cormp Mole Frac (CO) 0.0770 0.0330 0.0330 0.0423 0.0423 0.0301 0.0301
Cormp Mole Frac (CO2) 0.0517 0.0535 0.0535 0.1164 0.1165 0.1286 0.1286
Comp Mole Frac (Hydrogen) 0.5222 0.5003 0.5003 0.5570 0.5565 0.5691 0.5685
Comp Male Frac [Mitrogen] 0.0672 0.0672 0.0672 0.0672 0.0672 0.0672 0.0672
Comp Mole Frac [Oxygen) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Mame = M = al
m Compositions | Energy Streams | Unit Ops
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Process Description

X1.1 Process Description

This example uses the User Unit Operation to link two UniSim Design
cases together such that changes made to the first case (LinkCasel)
are automatically and transparently propagated to the second
(LinkCase?). This application demonstrates a method for copying the
contents of a stream from one case to another automatically.

feed

E-100
feed_vap ga precooled

W-100

L o

feed_lig

Figure X1.1

rich gas
K-100 op-100
V-1 | expanded
—
cold_vap compressed
L -
cooled_lig
K-101
W-102
4—7$ - I
cold_lig2 cold_lig
RCY-1 N

shaft wark

The User Unit Op is pre-configured with Visual Basic™ code. Inside the
User Unit Op you will define two subroutines:

Initialize() macro. The Initialize() macro sets the field names
for the various stream feed and product connections and creates
the following two text user variables:

LinkCase contains the path and file name of the target case
to be linked. If the variable contains no value, the Initialize()
code will set it to be the path to the currently open case and
the file name LinkCaseZ2.usc.

LinkStream names a stream in the second case that will
have the T, P, Flow and composition copied to it from the
User Unit Op’s feed stream. The target case and stream may
optionally be changed explicitly from the Variables page of
the User Unit Op.

Execute() macro. The Execute() macro uses the GetObject
method to open the target link case, which will initially be
hidden. It then attempts to locate the material stream named by
the LinkStream variable in the target case. If a stream is
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All the stream names are attached to the Feedsl nozzle of the User Unit Op, the stream
in lower case. conditions and compositions are then copied between the
streams.

The use of the DuplicateFluid method to copy the stream
parameters requires identical property packages in both
simulation cases. The example code instead uses a technique
of explicitly copying T and P and then searches for
components by name in order to copy their molar flow.
Components that are not available in the target case are
ignored.

Also, the definition of User Unit Op usually involves the definition of
three macros:
< Initialize()
e Execute()
e StatusQuery()
For this example, the StatusQuery() macro is commented-out to
avoid the overhead of having that macro called. Removing the
StatusQuery() code entirely would accomplish the same thing, but
it is highly recommended that StatusQuery() be implemented to
provide valuable user feedback. This implementation is left as an
exercise for the user.

X1.2 Building Flowsheet 1
X1.2.1 Setup

1. In the Session Preferences view, set the unit set to SI.

2. In the Component List view, select the following components: C1,
C2, C3, and i-C4.

3. In the Fluid Package view, define a Peng Robinson Stryjek Vera
(PRSV) property package.

X1.2.2 Installing Streams

Enter the Simulation Environment and specify streams feed and
cold_lig2 as shown.

Stream Name ‘ feed ‘ cold_lig2
In this cell... Enter... Enter...
Temperature [C] 11 -98
Pressure [kPa] 5066 152
Molar Flow [kgmole/h] 100 7.5

X1-3



X1-4 Building Flowsheet 1

Stream Name ‘ feed ‘ cold_lig2
Comp Mole Frac [C1] 0.5333 0.0388
Comp Mole Frac [C2] 0.2667 0.4667
Comp Mole Frac [C3] 0.1333 0.3883
Comp Mole Frac [i-C4] 0.0667 0.1062

X1.2.3 Installing Unit Operations

Next add the following unit operations to the flowsheet.

Add Separators

Separator Name ‘ V-100
Tab [Page] In this cell... Enter...
Design Inlet feed
[Connections] Vapour Outlet feed_vap
Liquid Outlet feed_lig
Design [Parameters] Delta P 0 kPa
V-101
Tab [Page] In this cell... Enter...
Design Inlet precooled
[Connections] Vapour Outlet cooled_vap
Liquid Outlet cooled_lig
Design [Parameters] Delta P 0 kPa
Tab [Page] In this cell... Enter...
Design Inlet expanded
[Connections] Vapour Outlet cold_vap
Liquid Outlet cold_liq
Design [Parameters] Delta P 0 kPa

Add a Heat Exchanger

Heat Exchanger Name ‘ E-100

Tab [Page] In this cell... Enter...

Design [Connections] Tube Side Inlet feed_vap
Tube Side Outlet precooled
Shell Side Inlet cold_lig2
Shell Side Outlet rich gas
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Heat Exchanger Name

X1-5

‘ E-100

Design [Parameters] Heat Exchanger Model Exchanger Design
(End Point)

Heat Leak/Loss none

Tube Side Delta P 15 kPa

Shell Side Delta P 15 kPa

UA 4000 KJ/C-h
Rating [Sizing] First Tube Pass Flow Counter

Direction

Add an Expander

Tab [Page] In this cell... Enter...
Design Inlet cooled_vap
[Connections] Outlet expanded
Energy shaft work
Design Efficiency (Adiabatic) 75%
[Parameters]
Worksheet Pressure (stream: expanded) 152 kPa
[Conditions]

Add a Compressor

Tab [Page] In this cell... Enter...
Design Inlet cold_vap
[Connections] Outlet compressed
Energy shaft work
Design [Parameters] Efficiency (Adia) 75%

Add a Recycle Operation

Tab [Page] In this cell... Enter...
Design Inlet cold_liq
[Connections] Outlet cold_lig2

The case should converge immediately.

Save the case as LinkCasel.usc.
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X1.3 Building Flowsheet 2
X1.3.1 Setup

Now you will create the target case for the linked case.
1. In the Session Preferences view, set the unit set to SI.

2. In the Component List view, select the following components: C1,
C2, C3, i-C4, and H20.

3. In the Fluid Package view, define a Peng Robinson Stryjek Vera
(PRSV) property package.

X1.3.2 Installing Unit Operations

Enter the Simulation Environment and enter the following unit
operations.

Add Compressors

Compressor Name ‘ K-100

Tab [Page] In this cell... Enter...

Design Inlet compressed

[Connections] Outlet hot33atm
Energy ql

Design [Parameters] Efficiency (Adia) 75%

Worksheet Pressure (stream: hot33atm) 3344.725 kPa

[Conditions]

Tab [Page] In this cell... Enter...

Design Inlet cool33atm

[Connections] Outlet hot100atm
Energy q2

Design [Parameters] Efficiency (Adia) 75%

Worksheet Pressure (stream: hot100atm) 10150 kPa

[Conditions]

Add Heat Exchangers

Heat Exchanger Name ‘ E-100

Tab [Page] In this cell... Enter...
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Heat Exchanger Name ‘ E-100

Design [Connections]

Tube Side Inlet hot33atm
Tube Side Outlet cool33atm
Shell Side Inlet wtrl

Shell Side Outlet wtrlb

Design [Parameters]

Heat Exchanger Model

Exchanger Design (End

Point)
Tube Side Delta P 15 kPa
Shell Side Delta P 15 kPa
Calculate Ft Factor Unchecked
Rating [Sizing] First Tube Pass Flow Direction Counter
Worksheet [Conditions] Temperature (stream: cool33atm) 17°C
Temperature (stream: wtrlb) 25°C

E-101

Tab [Page] In this cell... Enter...
Design [Connections] Tube Side Inlet hot100atm
Tube Side Outlet sales
Shell Side Inlet wtr2
Shell Side Outlet wtr2b

Design [Parameters]

Heat Exchanger Model

Exchanger Design (End

Point)
Tube Side Delta P 15 kPa
Shell Side Delta P 15 kPa
Calculate Ft Factor Unchecked
Rating [Sizing] First Tube Pass Flow Direction Counter
Worksheet Temperature (stream: sales) 20°C
[Conditions] Temperature 25°C
(stream: wtr2b)
Add a Tee
Tee ‘ T-100
Tab [Page] In this cell... Enter...
Design Inlet cooling water
[Connections] Outlet wtr2, wtrl
Worksheet Temperature (stream: cooling water) | 11°C
[Conditions] Pressure (stream: cooling water) 202.6 kPa
Worksheet H20 (stream: cooling water) 1.0000

[Composition]

4. Once you have completed specifying this flowsheet, save the case
as LinkCase2.usc and close it.
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Creating a User Unit Operation

X1.4 Creating a User Unit
Operation

Now that both cases have been created, you can create the link
between them.

1. Open LinkCasel.usc.

2. Add a User Unit Op to the flowsheet. When you add a User Unit Op,
UniSim Design asks you for the type. Click the Create Type button,
then type Case Linking in the input field and click the OK button.
Next you will define the User Unit Op. Defining the User Unit Op
involves writing two different subroutines.

« Initialize. Defines material and energy feed/product streams
and creates user variables.

< Execute. Opens the target case, finds the target stream and
copies the stream conditions from the main case.

3. In the User Unit Op view Design tab, select the Code page.
4. Click the Edit button. The Edit Existing Code view appears.

X1.4.1 Initializing the User Unit
Op

The following table contains a listing of the code required to implement
this operation, along with a brief description of what the code means.
Partitions placed in the code are made only to clearly associate the
relevant code with the explanation. Also, indentations made in the code

are common with standard programming practices.

Code ‘ Explanation

Sub Initialize

Signifies the Start of the initialization
subroutine. You do not have to add it as it
should already be there.

On Error GoTo Catch
" Preparing the interface
ActiveObject._FeedslName = ""Feed™

ActiveObject._ProductsiName = "Unused
Prodi"

ActiveObject._Feeds2Name = "Unused Feed2"
ActiveObject._Products2Name = "Unused
Prod2"

If an error occurs during the execution of this
subroutine, go to the line designated ‘Catch’.

Sets the names that will be associated with
the energy and material (primary and
secondary) inlet and exit connections.

~Feed: Froduct:
IFeed IUnusEd Priod1

compressed <Emply>
<emphy>

- IUnused Feed? r IUnused Prod2

™ |Unused Energy Feeds r IUnused Energy Products
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Code

ActiveObject._Feeds2Active = False
ActiveObject._Products2Active = False
ActiveObject_EnergyFeedsActive = False
ActiveObject._EnergyProductsActive = False

" Adding user variables

Dim LinkCase As Object * This UV will hold
the Linked case name

Set LinkCase =
ActiveObject._CreateUserVariable('LinkCas
e", "LinkCase", uvtText, utcNullUnit,0)

X1-9

‘ Explanation

Deactivates the secondary inlet and exit
connections as well as the energy inlet and
exit connections. After the initialization
subroutine has been successfully
implemented, the checkboxes associated with
the secondary material connections and
energy connections should be deactivated as
shown in the figure above.

Creates a text user variables called LinkCase.
This will appear on the Variables page of the
Design tab along with the current values. This
variable holds the path and name of the linked
case.

Dim LinkStream As Object " This UV will
hold the Linked stream name

Set LinkStream =
ActiveObject._CreateUserVariable('LinkStr
eam', "LinkStream", uvtText,
utcNullUunit,0)

LinkCase.Variable.Value =
ActiveObject._SimulationCase.Path &
"LinkCase2.usc"

Dim myFeeds As Object
Set myFeeds = ActiveObject.Feedsl

" Check if a stream name is already
defined
If Not LinkStream.Variable.lsKnown Then

IT myFeeds.Count > 0 Then
LinkStream.Variable._Value
myFeeds. I'tem(0) .Name

Else
LinkStream.Variable.Value
End If

End If

Exit Sub
Catch:
MsgBox *"Initialize Error”

"feed"

Creates a text user variables called
LinkStream. This will appear on the Variables
page of the Design tab along with the current
values. This variable holds the name of the
stream to link to.

This sets the linked case path to be the same
as the current case and sets the name to
‘LinkCase2.usc’.

Declares the ‘myFeeds’ variable and sets it to
the feed streams collection of the operation.

Checks if a linked stream name is already
defined.

If a feed stream is connected to the unit
operation, use that stream name as the linked
stream name.

If no stream is connected as feed, use the
default listed stream name of ‘feed’.

End Sub

Signifies the end of the initialization
subroutine. This line does not need to be
added.

1. Once this code is entered, press the OK button to close the Edit

Existing Code view.

2. On the Code page of the Design tab, click the Initialize button.

3. Select the Connections page of the Design tab. It should contain

their new designations.

4. Select the Variables page. The LinkCase should contain the case
LinkCaseZ2, including the path. The LinkStream variable should

contain ‘feed’.
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5. Select the Connections page. If the feed drop-down list is empty,
the value of LinkStream variable (Variables page) should be ‘feed’.

X1.4.2 Operation Execution

1. Enter the following code in the Execution code section of the Edit

Existing Code view:

Sub Execute ()

Code ‘ Explanation

Signifies the Start of the operation execution
subroutine. You do not have to add this line as
it should already be there.

On Error Goto EarlyGrave

Dim Status As String

Dim LinkCase As Object
Set LinkCase =
ActiveObject._GetUserVariable('LinkCase™)

Dim LinkStream As Object * This UV will
hold the Linked stream name

Set LinkStream =
ActiveObject._GetUserVariable(*'LinkStream
D)

Dim myFeeds As Object

Set myFeeds = ActiveObject.Feedsl

iT myFeeds.Count <>1 Then

Exit Sub

end if

Dim Case2 As Object
Set Case2 =
GetObject(LinkCase.Variable.Value)

Dim Case2FS As Object
Set Case2FS = Case2.Flowsheet

Dim CaselFS As Object
Set CaselFS = ActiveObject.Flowsheet

Dim Case2Strm As Object

Set Case2Strm =

Case2FS_MaterialStreams. Item(CStr(LinkSt
ream.Variable.Value))

Dim CaselStrm As Object
Set CaselStrm = myFeeds. ltem(0)

Case2Strm._TemperatureValue =
CaselStrm._TemperatureValue
Case2Strm._PressureValue =
CaselStrm.PressureValue

Dim CaselCMFs As Variant
CaselCMFs =
CaselStrm.ComponentMolarFlowvalue

If an error occurs during the execution of this
subroutine, go to the line of code designated
‘EarlyGrave’.

Connects the variables LinkCase and
LinkStream to their corresponding user
variables.

If the number of streams specified in the Feed
list is not 1 then exit the subroutine.

Creates a reference to the LinkCase user
variable called Case2.

Creates a reference to the flowsheet inside
Case2 (LinkCase) called Case2FS.

Creates a reference to the current flowsheet
called CaselFS.

Creates a reference to a stream in the other
case. The stream’s name is the value of the
user variable LinkStream.

Creates a reference to stream currently in the
primary feed list.

Sets the Temperature and Pressure values of
Case2Strm to those of CaselStrm.

Creates an array containing the molar flow of
CaselStrm. Note that Set was not used so
changes made to CaselCMFs will not affect
CaselStrm.

X1-10




Code

Dim Case2CMFs As Variant
Case2CMFs =
Case2Strm._ComponentMolarFlowvalue

On Error GoTo NoComp

Dim Comp As Object

i=0

For Each Comp In
Case2FS.FluidPackage .Components
Case2CMFs(i) = 0.0

CompName = Comp.name

n =
CaselFS_FluidPackage.Components. index(Co
mpName)

Case2CMFs (i) = CaselCMFs(n)
NoComp:

=i+l

Next Comp

On Error GoTo EarlyGrave

Case2Strm.ComponentMolarFlowvalue =
Case2CMFs

ActiveObject.SolveComplete

Exit Sub
EarlyGrave:
MsgBox "‘Execute Error"

Case Linking X1-11

‘ Explanation

Creates an array containing the molar flow of
Case2Strm. Note that Set was not used so
changes made to Case2CMFs will not affect
Case2Strm.

For every component i in the Case2FS, you
set the molar flow of component i in the
Case2CMFs array to the flow of the same
component in CaselCMFs array.

This passes the value of Case2CMFs to the
Case2Strm.

Signifies the Unit Operation has solved. It is
used to minimize the number of times the
User Unit Op’s Execute() is called.

End Sub

Signifies the end of the initialization
subroutine. This line does not need to be
added.

2. When you are finished entering the code, activate the view by
selecting the ‘compressed’ stream as the Feed on the Connections

page of the Design tab.

3. Go to the Variables page to ensure that the LinkStream stream

name is also ‘compressed’.

The Unit Op will not appear ‘solved’ on the flowsheet, even
though it is. This is because UniSim Design expects it to have
a fully defined product stream.
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