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Workshop

The Getting Started module introduces you to some of the basic
concepts necessary for creating simulations in UniSim Design. You
will use UniSim Design to define three gas streams to be used as
feeds to a gas plant. In addition, you will learn how to determine
properties of these streams by using the Phase Envelope and the
Property Table utilities.

Learning Objectives

e Define a fluid package (property package, components,
hypotheticals)

e Add streams

e Understand flash calculations
e Attach stream utilities

e Customize the Workbook

1.3
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Simulation Basis
Manager

UniSim Design uses the concept of the fluid package to contain all
necessary information for performing flash and physical property
calculations. This approach allows you to define all information
(property package, components, hypothetical components, tabular
data, interaction parameters, reactions, etc.) inside a single entity.

There are four key advantages to this approach:

e All associated information is defined in a single location,
allowing for easy creation and modification of the data.

e Fluid packages can be saved as completely defined entities
for use in any simulation.

¢ Component lists can be saved separately from the Fluid
Packages as completely defined entities for use in any
simulation.

e Multiple Fluid Packages can be used in the same simulation,
however, are all defined inside the common Basis Manager.

The Simulation Basis Manager is a property view that allows you to
create and manipulate multiple fluid packages or component lists in
the simulation.

The first tab of the Simulation Basis Manager allows for the
creation of component lists which are independent from fluid
packages but can be associated with the individual fluid packages
in the case.
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There are a number of buttons available to manage the component
list(s) used in your case:

4 Simulation Basis Manager EI (=] @

Component Lists
L Vew. |
Loadd |
Delete
L Comy |
[ Impon \
| Epor |
| Pefesn |

Re-import

tCumpunenls | Fluid Pkgs J Hypotheticals J Qil Manager JRaamiDna J Component Maps J Uszer Properties ]

Enter PWT Enviranrment.. | ‘ Enter Regression Environment... | | Enter Crude Environment... | ‘ Enter Simulation Enviranment...
Button | Description
View Allows you to access the property view for the selected

Component List.

Add Allows you to create a Component List.

Note: Component Lists can be added via the Fluid Package
property view.

Delete Removes the selected Component List from the simulation.
Copy Makes a copy of the selected Component List.
Import Allows you to import a predefined Component List from disk.

Component Lists have the file extension (.cml).

Export Allows you to export the selected Component List to disk. The
exported Component List can be retrieved into another case, by
using the Import function.

Refresh Updates the pure component properties from the database.

Re-import Allows you to re-import a cml file.
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Inside the Current Fluid Packages group, there are a number of

buttons:

Current Fluid Packages

4 Simulation Basis Manager EI (=] @

Flowsheet - Fluid Pkg Associations
“iew.. Flowsheet Fluid Pkg To Use
] Casa (Main) <empty>
Add.. |
Delete
Copy
Default Fluid Pl A
| Impart... | Fluic! Plg for New Sul-FlowShe ets
@ Use Default Fluid Pkg Include Column
Epmit Use Parent's Fluid Pkg

" Components  Fluid Pkg5| Hypotheticals | Oil Manager JRaamiDna J Component Maps J Uszer Properties ]

Enter PWT Enviranrment.. | ‘EnterRegreslenEnvn’onment..| | Enter Crude Environment... | ‘ Enter Simulation Enviranment...

Button | Description

View This is only active when a Fluid Package exists in the case. It
allows you to view the property view for the selected Fluid
Package.

Add Allows you to create and install a Fluid Package in the simulation.

Delete Removes the selected Fluid Package from the simulation.

Copy Makes a copy of the selected Fluid Package. Everything is
identical in the copied version except the name. This is useful for
modifying Fluid Packages.

Import Allows you to import a predefined Fluid Package from disk. Fluid
Packages have the file extension (.fpk).

Export Allows you to export the selected Fluid Package to a disk. The
exported Fluid Package can be retrieved into another case by
using the Import function.
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New Case icon

You can select the
“EOSs” radio button in
the Filter box, and then
select Peng-Robinson;
however, it is not
necessary to select
EOSs after you have
selected Peng-
Robinson.

Defining the Simulation
Basis

Add a Property Package

1. Start a new case by selecting the New Case icon.
2. Go to the Fluid Pkgs tab and create a fluid package by clicking
the Add button.

3. Scroll down the list and select the Peng-Robinson Equation of
State model.

Figure 3 ‘
@ Fluid Package: Basis-1 =N o =5
Property Package Selection Enthalpy Method Option
| Lee-Kesler-Plocker 74 Fropeny Reckang Rilen Q) Eguation of State
| Margules 9 All Types Lee-Kesler
| MBWR EOSs -
| NBS Steam Activity Models Peni i i
| g Robinson Options ) .
:NRTL Chao Seader Models o . e EOS.DF.:nsnty 5
Q) UniSim Design | Smooth Liquid Density
Yapour Pressure Models Standard 7| Modify H2 Tc and P
| Electrolyte Models ViModity el
| PRSY Miscellaneous Types
| Sour PR | Special Treatment for water
| Sour SRK ' V| Corrected Chueh and Prausnitz correlation

Advanced Thermodynamics
Component List Selection Import

Component List-1 v [ vew. | [} UniSim Thermo | Hegression =
it SetUp l Parameters J Parameters2 J Binary Coeffs J StabTest J Phase Order JRxns Tabular J Notes J
[ Do ] Neme Besid Propery P | | < oo -

4. Change the Name from the default Basis-1 to GasPlant using
the Name input box at the bottom of the window.

5. Click the View button in the Component List Selection section
of the Set Up tab. This will allow you to add components to
the Component List that is now associated with the GasPlant
fluid package.
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You can add a range of
components by
highlighting the entire
range and clicking the
Add Pure button.

Standard Windows list
conventions (Shift =
Select Range, Ctrl =

Multi-Select) also work.

1.8
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Add Components

You can select components for your simulation using several

methods.
To use... | Do this...
Component 1. Using the scroll bar for the main component list, scroll through
List the list until you find the desired component.
2. To add the component, either:
e Press the ENTER key.
e Click the Add Pure button.
e Double-click on the component to add it to your simulation.
Match Cell 1. Select one of the three name formats, SimName, Full
Name/Synonym, or Formula by selecting the corresponding
radio button.

2. Click in the Match input field and enter the name of the
component. As you start to type, the list will change to match
what you have entered.

3. Once the desired component is highlighted, either:

« Click the ENTER key.

e Click the Add Pure button.

e Double-click on the component to add it to your simulation.
Filter 1. Ensure the Match cell is empty, and click the View Filter

button.

2. Select the Use Filter checkbox to display the various family
filters.

3. Select the desired family (e.g. Hydrocarbons) from the list of
Family Filters to display only that type of component.

4. Use either of the two previous methods to then select the
desired component.

6. Select the following library components, using one of the
methods described above:

e Nitrogen
[ ) HZS

¢« CO2

e Methane
e Ethane
e Propane

e -Butane
e n-Butane
e i-Pentane
e n-Pentane
e n-Hexane
[ ) HZO




Getting Started 1.9

4 Component List View: Component List - 1 o Mi@
Add C Selected Components Components Available in the Library
=-Li [Nitrogen e
3 Liorary Companents, |l )29 Match ViewFilters
Traditional | J
|co2
UniSim Elec | Methane
4-Hypo Components | Ethane SimName (@) Full Name / Synonym Formula.
Other Comp Lists | Propane
| i-Butane <—Add Pure n-Heptane c7 C7H16 -
i Bitans n-Octane c8 C8H18 =
| -Pentane [ n-Nonane o) C3H20 =
| o <-Substitute-> n-Decane C10 C10H22
e ——— || Toluene Toluene C7H8
(20 I er——— Benzene Benzene CEH6
|t CCh
o Yy i HZ. H2.
— co Cco Cco
‘ Sort List. ] Argon Argon Ar
: Ethylene co= C2H4
P E-Benzene E-BZ C8H10
[ View Companent..| || Siver Silver Ag
- - 124-MBenzene 124-M-BZ CaH12
|__Ammonia_ NH3 NH3 adl
V| Show Synonyms | Cluster
Selected | Componentby Type | Component Databases |
Delete ] Name  Companent List-1

7. Click on the Hypo Components\Traditional item in the Add
Component box.

Figure 5 ‘
4 Component List View: Component List - 1 oG- =
Add Companent Selected Components Hypothetical Companents Available
= Library Components Nitrogen Available Hypo Groups
Traditional H2s
. co2 )
When you click the f i nSTEleS Methane Hypo Manager
- —J-Hypo Components Ethane >
Quick Create a Hypo Traditional Bitoars =
UniSim Elec iButane Soatd Uy
Component button, e ChRoita s Available Hypo Components
Qi : -Pent
UniSim Design adds a Leomang, <—Add Hypo
h r rbon cl h n-Hexane -
ydrocarbon class hypo P Quick Create & Hypo Companent

by default.

If you want to add a
hypo from another
class, click the Hypo
Manager button and
then in the view that
appears, click the View
Group button. This will
open the Tabular Hypo
Group input window,
where you can add non-
hydrocarbon class
hypotheticals.

\ SortList... Quick Create a Solid Companent ‘

‘ View Component

—‘:Seiededl Compaonent by Type J Component Databases J

Delete Name

Component List-1

8. Click on the Quick Create a Hypo Component button to
create a hypothetical component.

A hypothetical component can be used to model non-library
components, defined mixtures, undefined mixtures, or solids. You
will be using a hypothetical component to model the components in
the gas mixture heavier than hexane.

9. In the hypo component view, click on the ID tab and in the
Component Name cell type C7+.

1.9
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UniSim Design always
places an ‘*’ after a
hypo name so it can be
distinguished from
library components.

1.10

Getting Started

=il c7+» E=2Rcl =X

Component [dentification

ComponentName || C7+*
Family / Class | Hydrocarbon
Chem Formula |

ID Number | 20000
Group Name I HypoGroup
CAS Number |

UNIFAC Structure

Structure Builder...

<<< No Structure Available >>>

UserID Tags

Tag Number Tag Text
1 I <empty> Not Spec'd

=i ID I Critical ] Point JTDep ] UserProp J

\EstUnknown Props ‘ [ Edit Properties ‘ i EditVisc Curve ]

Since you do not know the structure of the hypothetical component

and you are modeling a mixture, the Structure Builder will not be
used.

10. Click on the Critical tab. The only property supplied by the lab
for the C7+ component is the Normal Boiling Pt; enter a value
of 110°C (230°F).
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11. Click the Est Unknown Props button to estimate all the other
properties and fully define the hypothetical component.

Figure 7

Moz o) ®

Base Properties

Molecular Weight I 111.0
MNormal Boiling Pt [C] 110.0
Ideal Ligg Density [kg/m3] 745.4

Critical Properties

Temperature [C] I 2906
Pressure [kPa] 2956
“Yolume [m3/kgmole] 0.4139
Acentricity 0.3288

The minimum
information required for
defining a hypo is the
Normal Boiling Pt or
the Molecular Weight
and Ideal Liq Density.

i ID  Critical | Point ]TDep ] UserProp J

[EstUnknown Props ] l Edit Properties 1 [ EditVisc Curve ]

12. When the hypo component has been defined, return to the
component list by closing the hypo component C7+* view.

13. Add the hypo component to the Selected Components list by
selecting it in the Available Hypo Components list and then
clicking the Add Hypo button.

4 Component List View: Component List - 1 o3| =
Add Component Selected Components Hypothetical Components Available
= Library Components Nitrogen Awvailable Hypo Groups
! Traditional bee [HypoGroupt ] ) )
UniSim Elec VikaRa Hypo Manager
= Hypo Companents Ethane
Traditional [=F |
UniSim Elec \»éourlj:r:‘: SambddGlouns)|
- Other Comp Lists n-Butane sble Hypo Components
. Pent ‘
When a component is erarianG —AddHypo |
added to the Selected EE ]
Components list it
appears above the Sortlist. | Quick Create a Solid Companent
currently selected
‘iew Component
component. J
You can use the Sort
List button to order the " Selected | Componentby Type | ComponentDatabasss |
Component List. | Neme  ComponertList-1
i Deletem|
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You will need to add
components C7 and C8
to the component list in
order to view their
properties. Ensure that
you delete them once
this exercise is finished.
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Every hypo you create is part of a Hypo Group. By default, this
hypo is placed in HypoGroupl. You can add additional groups and
move hypo components between groups. This is done on the

Hypotheticals tab of the Simulation Basis Manager.

Compare the properties of C7+ with C7 and C8.

C7+

C7

c8

Normal Boiling
Point

Ideal Liquid
Density

Molecular
Weight

You have now finished defining the fluid package. You can view

the Peng-Robinson binary coefficients for your selected

components by selecting the Binary Coeffs tab on the Fluid

Package tab.
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Exporting Fluid

Packages

UniSim Design allows you to export fluid packages for use in other
simulations. This functionality allows you to create a single
common fluid package which you may then use in multiple cases.

14.0n the Fluid Pkgs tab, highlight the GasPlant fluid package.

Figure 9

4 Simulation Basis Manager

Current Fluid Packages

=8N

Flowsheet - Fluid Pkg Associations

Vi, Flowsheet Fluid Pkg To Use
1l Case [hain) GasPlant
[ Add. |
| Delete |
| Copy |
Default Fluid Pkg GasPlant -

| Import. | Fluid Pkg far New Sub-FlowSheets
] Q) Usze Default Fluid Pkg Include Caolumn
|EXF7M| Use Parent's Fluid Pkg

" Components  Fluid Pkgs‘ Hypotheticals JO\IManager JReactans J Compaonent Maps J User Properties J

Enter FWT Environment. ‘ |EnterRegressmnEn\/\mnment | | Enter Crude Environment

| | Enter Simulation Emvironment

15. Click the Export button.

16. Enter a unique name (4526.01.GasPlant.fpk) for the fluid
package and click the Save button.

1.13
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:El File Selection for Exporting Fluid Package GasPlant

o

Organize = New folder
Favorites Name ° Date modified Type Size
B Desktop
No items match your search.

¢ Downloads
UniSim Design will D
automatically add the Librancs 3
file extension .fpk when Documents
it saves your fluid g
package. B videos
The file is automatically
saved to the \Paks & Computer
folder of the s I ’
UniSim Design folder in File name: -
My Documents. Save as type: ‘Fluid Packages (*.fpk) v|

' Hide Folders I Save l | Cancel |
-Eiz Now that the fluid package has been defined, you can start building
the simulation. Click the Enter Simulation Environment button
Enter Simulation on the Simulation Basis Manager window to begin building the
Environment icon simulation

You can use the Ctrl B hot key to re-enter the Simulation Basis
A Manager at any point or click the Basis Environment icon from the
tool bar.

Basis Environment icon

1.14
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Building the Simulation

When you build the simulation, you will:

e Select a unit set
e Add streams, and specify them
e Attach utilities

Select a Unit Set

In UniSim Design, it is possible to change the unit set used to
display its different variables.

1. From the Tools menu, choose Preferences.
2. Click on the Variables tab.

Figure 11

%5 Session Preferences (UniSim Design R440.PRF) ‘i“,@'@

Variables Available Unit Sets

Units

Farmats sl
Unit Set Name EuroS|

Display Units
Unit . View ..

Acceleration m/s2 =
Acidity mg KOH/g Add
| Act. Gas Flow ACT_m3/h
Act. Vol. Flow m3/h €
Actual Liuid Flow m3fs o
Actual Mass Density kg/m3 24
Angle deg
AP Fire Equation Constant Kit/m1.64
Area m2
Area Per Mass m2/kg
Area Per Unit Volume m2/m3 =

Simulation _ Variables | Reports | Files | Resources | Extensions | Oilinput | Tray Sizing | Case Toals |

I Save Preferences ‘ I Save Preferences As. ‘ V| Save Preferences file by default Load Preferences.

3. Select the SI unit set.
4. Close this view to return to the simulation.
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Adding Streams

In UniSim Design, there are two types of streams, Material and
Energy. Material streams have a composition and parameters
such as temperature, pressure, and flow rates. They are used to
represent process streams. Energy streams have only one
parameter: heat flow. They are used to represent the duty
supplied to or produced by a unit operation.

There are a variety of ways to add streams in UniSim Design.

Do this...

Menu Bar e From the Flowsheet menu select Add Stream.
or

e Press the F11 Hot Key.
The Stream property view opens.

Workbook Open the Workbook and go to the Streams tab. Type a stream
name into the **New** cell.

Object From the Flowsheet menu, select Open Object Palette or press
Palette F4 to open the Object Palette. Double-click on the stream icon.

In this case, you will add three streams to represent three different
gas wells. Each stream will be added using a different method of
installation.

Adding a Stream from the Menu
Bar

To add a stream using the F11 hot key:

1. Press F11. The stream property view appears. If the stream
property view is not displayed, double-click on the newly
created stream (from the PFD) to bring up the property view.
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e =8 ol =%~

Worksheet Stream Name || 1
= “apour / Phase Fraction <empty>
Condlthns Temperature [C] <emphy>
Propertlgs Pressure [har] <empty>
Somposjtion Molar Flow [kgmoleh] <emphy>
kvalue ) Mass Flow [kgth] <empty>
Lger vanakles Std Ideal Lig Vol Flaw [m3/h] <empty>
Holss Molar Enthalpy [keal/kgmole] <emphy>
LasiBarometsrs Molar Entropy [kJ/kgmole-C] <emphy>
Heat Flow [keal/h] <empty>
Lig Vol Flow @Std Cond [m3/h] <empty>

Fluid Package GasPlant

Phase Option Multiphase

P Worksheet I Attachments J Dynamics J

Unknown Flow Rate

i Delete [ ‘ Define from Other Stream... ‘ « =

2. Highlight the Stream Name cell. Change the stream name by
typing in a new name: GasWell 1 and then press ENTER.

Entering Stream Compositions

Stream compositions are set via the Input Composition for
Stream window but there are two different ways to access it.

_On this page... | Do this...
Conditions e Double-click on the Molar Flow cell to enter mole
fractions.
or

e Double-click on the Mass Flow cell to enter mass
fractions.

or

e Double-click on the Std Ideal Liquid Volume Flow
cell to enter liquid volume fractions.

The Input Composition for Stream view appears.

Composition Click the Edit button.
The Input Composition for Stream view appears.

3. If the Input Composition for Stream view is not already
open, double-click on the Molar Flow cell.
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The Normalize button
sets any <empty>
cells to 0 and adjusts
the entered component
fractions so that they
sum to 1.

The Equalize
Composition button
sets all compositions to
1.

Take care when closing
the Input
Composition for
Stream view.

Changes are only saved
when OK is pressed.
Any non-normalized
compositions are
automatically
normalized when OK is
pressed.
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=&l Input Composition for Stream: 1 X
MoleFraction Composition Basis

Nitrogen I <empty> || @) Mole Fractions

H2s <empty>

coz <empty> Mass Fractions

Methane Semply> Lig Volume Fractions

Ethane <empty>

Propane <empty> Male Flows

i-Butane <empty> Mass Flows

n-Butane <empty>

i-Pentane <empty> Lig Yolume Flows

n-Pentane <empty> =

n-Hexane <empty> Compaosition Contraols

C7+* <empty>

H20 <empty> l Erase }
l Normalize ‘
[ Cancel }

{EqualizeComposition Total IU-UDDUDD [ OK ‘ T

4. Make sure the Mole Fractions radio button is set and enter the
following compositions:

For this component... Enter this mole fraction...
Nitrogen 0.0002
H2S 0.0405
C02 0.0151
Methane 0.7250
Ethane 0.0815
Propane 0.0455
i-Butane 0.0150
n-Butane 0.0180
i-Pentane 0.0120
n-Pentane 0.0130
n-Hexane 0.0090
C7+%* 0.0252
H20 0.0000

5. Click the OK button when all the mole fractions have been
entered

6. Close the Stream property view.
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Adding a Stream from the
Workbook

To open the Workbook, click the Workbook icon on the tool bar.

Workbook icon 1. Enter the stream name, GasWell 2 in the **New** cell.
2. Enter the following Molar compositions:

For this component... Enter this mole fraction...
Nitrogen 0.0025
H2S 0.0237
CO02 0.0048
Methane 0.6800
Ethane 0.1920
Propane 0.0710
i-Butane 0.0115
n-Butane 0.0085
i-Pentane 0.0036
n-Pentane 0.0021
n-Hexane 0.0003
C7+%* 0.0000
H20 0.0000

3. Click the OK button to close the Input Composition for
Stream view.

Adding a Stream from the Object
Palette

El 1. If the Object Palette is not open on the Desktop, press F4 to

open it.
Material Stream icon . . . .
(Blue) 2. Double-click on the Material Stream icon. A new stream is

added to the flowsheet. Double-click on the new stream to
access the Stream property view.

3. Change the name of the stream to GasWell 3.
Double-click on Molar Flow.
5. Enter the following stream compositions:
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For this component... Enter this mole fraction...
Nitrogen 0.0050
H2S 0.0141
COo2 0.0205
Methane 0.5664
Ethane 0.2545
Propane 0.0145
i-Butane 0.0041
n-Butane 0.0075
i-Pentane 0.0038
n-Pentane 0.0037
n-Hexane 0.0060
C7+%* 0.0090
H20 0.0909

4. Click OK to close the Input Composition for Stream view.

You can use one of several different methods to save a case in

UniSim Design:
¢ From the File menu, select Save to save your case with the
same name.

Save Case icon e From the File menu, select Save As to save your case in a

different location or with a different name.
e Click the Save Case icon on the tool bar to save your case
with the same name.

5. Click the Save Case icon, since this case doesn’t yet have a file
name, enter one (For example 4526.01.GettingStarted.usc)

Save your case!

Save your case often to
avoid the possibility of
losing information.

1.20



You can scroll through
the unit list by starting
to type the units, by
using the arrow keys,
or by using the scroll
bar.

To edit an existing
value press F2 or use
the small vertical bar to
the left of the cell.

400.0 |
< ermnphy
< Ernpky:
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Changing Units for a
Specification

To change the units for a specification, simply type the numerical
value of the specification and press the space bar, or click on the
unit drop-down list. Choose the units for the value you are
providing. UniSim Design will convert the units back to the default

units.

Figure 14 ‘
= GasWell 1 oG ]
Worksheet Stream Name Gas'Well 1

- Yapour { Phase Fraction <empty>
Condlthns Temperature [C] <empty> | |
Rropeitiss Pressure [kPa] 4000
Composition Molar Flow [kgmole/h] <emphy>
K Value Mass Flow [kg/h] <empty>
Hseryariokles Std Ideal Liq Vol Flow [m3/h] <empty>
hotes Molar Enthalpy [kd/kgmole] <empty>
CostParameters Molar Entropy [kd/kgmole-C] <empty>

Heat Flow [kJ/h] <empty>
Lig Yol Flow @Std Cond [m3/h] <empty>
Fluid Package GasPlant
Phase Option Multiphase
i Worksheet | Attachments | Dynamics J
Unknown Temperature
‘ Delete ] Define fram Other Stream... « =

1.21
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Only two of these five
stream parameters
(Vapour Fraction,
Temperature, Pressure,
Enthalpy and Entropy)
can be supplied.

1.22
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Flash Calculations

UniSim Design can perform several types of flash calculations on
streams. The most common types are Pressure-Temperature
(P-T), Vapour Fraction-Pressure (Vf-P), and Vapour
Fraction-Temperature (Vf-T). Once the composition of the
stream and two of either, temperature, pressure or vapour
fraction, are known, UniSim Design performs a flash calculation on
the stream, calculating the other parameters.

With the flash capabilities of UniSim Design, it is possible to
perform dew and bubble point calculations. By specifying a vapour
fraction of 1.0 and either the pressure or temperature of the
stream, UniSim Design will calculate the dew point temperature or
pressure. To calculate the bubble point temperature or pressure, a
vapour fraction of 0.0 and either pressure or temperature must be
entered.

Perform a P-T flash calculation on the stream GasWell 2. Set the
pressure to 7500 kPa and the temperature to 10°C. What is the
vapour fraction?

Perform a dew point calculation on the stream GasWell 2. Set the
pressure to 7500 kPa. What is the dew point temperature?

Perform a bubble point calculation on the stream GasWell 2. Set
the pressure to 7500 kPa. What is the bubble point temperature?
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Attaching Utilities

The utilities available in UniSim Design are a set of useful tools that
interact with your process, providing additional information or
analysis of streams or operations. Once installed, the utility
becomes part of the flowsheet, automatically recalculating when
conditions change in the stream or operation to which it is
attached.

As with the majority of objects in UniSim Design, there are a
number of ways to attach utilities to streams:

To use the... | Do this...

Menu Bar e From the Tools menu, select Utilities.
or

e Press CTRL U.
The Available Utilities view appears.

Stream Property 1. Open the Stream property view.

View 2. On the Attachments tab, click on the Utilities page.
3. Click the Create button.

The Available Utilities view appears.

Next, you will add a utility using each method of installation.

Adding a Utility from the Stream
Property View

The Envelope Utility (in the Available Utilities list) allows you to
examine relationships between selected parameters for any stream
of known composition, including streams with only one component.
Vapour-Liquid Envelopes may be plotted for the following

variables:
By default the phase e Pressure - Temperature
envelope is calculated e Pressure - Volume
on a dry basis (any
water is ignored). e Pressure - Enthalpy

e Pressure - Entropy

e Temperature - Volume

e Temperature - Enthalpy
e Temperature - Entropy

An Envelope utility will be added to the stream GasWell 2 from
the Stream property view.
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1. Open the Stream property view for GasWell 2 by double-
clicking on the stream in either the Workbook or the PFD.

2. On the Attachments tab, click the Utilities page.

= GasWell 2 [E=N Eol <~
Attach o, Attached Utilities
UnitOps ot
Utilities [ Ccreate.. i
DRU Stream ‘

i Worksheet Attachments | Dynamics

Unknown Flow Rate

[ Delete | l Define from Other Stream... | @ =

3. Click the Create button. The Available Utilities view appears.

i Available Utilities [~ |[- G- |23
Utility Set

@) UniSim Design Utilities
UniSim Thermo Utilities

Available Utilities

ze
Cold Properties

Critical Properties
Envelope Utility

Global PSD Utility
Hydrate Formation Utility
Pipe Sizing

Property Table

Stream Ramp

User Property

L o ]

4. Select Envelope Utility. Click the Add Utility button. The
Envelope Utility view appears.

5. The Design tab shows the critical and maxima values for the
envelope.

What are the critical temperature and pressure for the stream

@ GasWell 2?

1.24
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Tc
Pc

6. Switch to the Performance tab to view the phase envelope.

it Envelope: Envelope Utility-1 i = H =)
Performance Cliryos

100024004 Quality 1 <empty>
Plots ) = L [ Quality2 | <empty>
Table o — o // Hydrate | |

i SR v \1 Override Model

- -

é 4 1 Symmetric Model

= }

E : / Clear

o / } Envelope Type

/ / QPT ™
Pv (OTH
o
ez =] PH (TS

-1600 -1400 -1200 -1000 -3000 -6000 -4000 -2000 Q0000 200C

P3

Temperature (C)

[]wiew Operating Paint

[ Design Performance | Dynamics
Delete [ignored

Numerical values can
be copied from UniSim
Design to Microsoft
Excel using the copy
command, Ctrl+C, in

then the paste. Adding a Utility from the Menu

command, Ctrl+V, in

Excel. Ba r

The Property Table Utility allows you to examine property trends
over a range of conditions in both tabular and graphical formats.
The utility calculates dependent variables for user specified
independent variable ranges or values.

7. Click the Table page to view envelope data in tabular format.

A Property Table utility will be added to the stream Gas Well 2.

1. From the Tools menu select Utilities, or press CTRL U. The
Available Utilities view appears.

2. Select Property Table.
3. Click the Add Utility button. The Property Table view appears.

1.25
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Figure 18 ‘

i Property Table: Property Table-1 [ro-& l@
Design Name Property Table-1
Connections
Stream Select Stream...
Dep. Prop
Notes Independent Variables
Variable 1 | Temperature Variable 2 | Pressure
Mode | Incremental Mode | Incremental
Lower Bound | 100.0C | [Lower Bound 100.0 kPa
Upper Bound | 200.0C | |UpperBound 200.0 kPa
#of Increments || 10 | |# of Increments 10

_‘=Design Performance | Dynamics

{ Delete Calculate |lgnored

4. Click the Select Stream button and select stream GasWell 2.
5. Click the OK button to return to the Design tab.

6. In the Independent Variables section, select Pressure as
the first Independent Variable.

7. Change the mode to State, use the drop-down menu bar.

8. In the State Values matrix, enter values of 2500, 5000,
7500, and 9000 kPa. If you are using field units, the values
will be 350, 700, 1050 and 1400 psia.

9. Choose Temperature as the second Independent Variable.
Ensure the mode is set to Incremental.

10. Change the Lower and Upper Bounds to 0°C (32°F) and 100°C

(212°F) respectively. Leave # of Increments at the default
value of 10.



Figure 19

it Property Table: Property Table-1 \ = | (=} \
Design Name Property Table-1

Connections
Stream  |GasWell 2 [

Select Stream...

Dep. Prop
Notes Independent Variables
Variable 1 [ Pressure Variable 2 | Temperature
Mode | State Mode | Incremental
State values »+ |Lower Bound ooooocC
] 2500 kPa | [=| |Upper Bound 100.0C
5000 kPa #ofIncrements | 10
7500 kPa ‘
9000kPa | ~

tDesign Performance | Dynamics

Delete alculate Ignored

11.0On the Design tab, click on Dep. Prop.

12.0n the Dep. Prop page, click on the Add button.

Getting Started 1.27

13. Choose Mass Density from the list. Click OK to accept.
14. Click on the Add button again. Select the Thermal

Conductivity and click OK to accept.

15. Click the Calculate button to generate the property table.
16. Examine the property table results in either graphical or tabular

format on the Performance tab.

Figure 20
it Property Table: Property Table-1 = H (=) \
Performance Results
Pressure Temperature Mass Density -
Table [kPe] c Phases [kg/m3] =
Plots 2500 | 0.0000 L 26.9933
2500 10.00 4 27.4089
2500 20.00 W 26.0567
2500 30.00 W 24.8586
2500 40.00 W 23.7864
2500 50.00 b 22.8189
2500 60.00 W 21.9398
2500 70.00 W 21.1362
2500 80.00 W 20.3977
2500 90.00 b 19.7159
2500 100.0 W 19.0840 | «
—_—
Design Performance | Dynamics
Delete alculate |lgnored
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Analyzing the Results
Stream Property View

Within UniSim Design, it is possible to view the properties of the
individual phases for any stream.

1. Open the Stream property view for GasWell 3 by double-
clicking on GasWell 3 in the PFD, and view the Conditions

page.

2. Add Temperature and Pressure values of =20°C (-4°F) and

5000 kPa (725 psia).

3. Move the mouse arrow to the left or right side of the view until
the arrow changes to the double-headed resizing arrows.

4. Press and hold the left mouse button and drag the edge of the
view until all the phases can be seen as shown below.

Figure 21

= Gaswell 3

Worksheet

Conditions
Properiies
Composition
~Kvalue
UserVariables
- Notes
CostParameters

Stream Name

‘/apour / Phase Fraction
Temperature [C]

Pressure [kPa]

Malar Flow [kgmole/h]

Mass Flow [kg/h)

Std Ideal Lig Vol Flow [m3/h]
Malar Enthalpy [kJfkgrale]
Malar Entropy [kJ/kamole-C]
Heat Flow [kJ/h]

Liq Vol Flow @8itd Cond [m3/h]
Fluid Package

Phase Option

GasWell 3 “apour Phase
07013 07013
-20.00 -20.00

5000 5000
<empty> <empty>
<empty> <empty>
<empty» <emply>

-1.116e+005 -8.752e+004

1322 1475
<ampty> <ermpty>
<empty> <empty>

GasPlant GasPlant

Liquid Phase
02075
-20.00

5000
<empty»
<empty>
<empty»

-1.147+005

1208
<carmpty>
<empty>

GasFlant

Agueous Phase
n.oa1z
-20.00

5000
<empty>
<empty>
<empty>

-2.894e+005
4111
<armpty>
<empty>
GasPlant

" Waorksheet | Attachments | Dynamics

| Delee |

Defing frarn Other Stream

Unknawn Flow Rate:
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5. Go to the Properties page. This page contains more
information about the stream properties.

Figure 2 ‘

= Gaswell 3 == R ~x"

worksheet Stream Name GasWell3 | Vapour Phase Uiquid Phase | Aqueous Phase a
Molecular Waight 2327 2080 3457 18.08 =
Conditions Molar Density [kgmale/m3] 4578 3471 1401 5764 =
Mass Density [ka/m3] 1065 7152 4844 1042
Gomposition [Act Volume Flow [m3/h] <empty> <empty> <empty> <empty>
KVelue Mass Enthalpy [k/kg] 4734 4248 3316 1.6012+004
User Variables Mass Entropy [kJ/kg-C] 5662 7158 3.490 2.273
py [ko/key
hotes Heat Capacity [kd/kgmole-C] 7129 6341 9474 7851
v RSt Parameters | ) jass Heat Capacity [k)/kg-Cl 3.064 3.078 2.741 4342
Lower Heating Value [J/kgmole] 3 783e+005 337724005 1 5458 +005 8543
Mass Lower Healing Yalue [kd/kal 4204e+004 45612+004 44702004 4725
Phase Fraction [Vol Basis] 05250 0.9250 00678 7.240e-003
Phase Fraction [Mass Basis] 0.6209 0.6209 0.3082 7.083e-002
Partial Pressure of CO2 [kPa] 1122 <empty> <empty> <empty>
Cost Based on Flow [Cost/s] 0.0000 0.0000 00000 0.0000 -
Property Correlation Controls
&g v e A X X B,
Preference Option: | SEIREH

" Worksheet | Afachments | Dynamics

Unknown Flow Rate

| Deee || Define fram Gther Stream... « =

6. Close the worksheet for GasWell 3.
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Workbook icon

The Workbook menu
only appears when the
Workbook window is
active. If the PFD
window is active it is
replaced by the PFD
menu.

1.30
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Customizing the
Workbook

UniSim Design allows you to customize the Workbook at several
different levels. You can add additional pages, change the variables
which are displayed on the current pages, or change the format of
the values.

In this exercise, a new Workbook tab containing stream properties,
Cp/Cv, Heat of Vapourization, and Molar Enthalpy will be added.

1. Open the Workbook by clicking the Workbook icon on the tool
bar.

2. From the Workbook menu, select Setup. The Setup view
appears as shown below.

-
=% Setup &J
‘Workhook Tabs Tab Contents
[Material Stearns | Tl Object
| Compaositions N Bl aterial Streams [ Order.
| Energy Streams ame: . EUSiee L
| (e Delete
| Unit Ops
& Type: Material Stream L New Type...
Yariables
Variahle Format Use Set..
] Vapour Fraction 1.4 fixed

Pressure 4 sig fig

olar Flow 4 sig fig Delete

Mass Flow 4 sig fig

Liguid Yolume Flow 4 sig fig
Heat Flow 4 sig fig

{
Temperature 4 sig fig | Add.
[ Dewte |

|

Format...

Order...
(S

]

Save SetAs...

]

L

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



Figure 24

=5 New Object Type

+-Stream -

- Unit Operations

Vessels

Heat Transfer Equipment

-Rotating Equipment

Piping Equipment

Solids Handling Operations| =

Reactars

-Prebuilt Columns

Short Cut Columns

Sub-Flowsheets

Logical Operations

Electrolyte Equipment

Upstream Operations

Shadow Plant Operations

UOP Operations

-Rate-based Distillation Colu ™
1 »

-F-B--B-E-B--B-E-5-E

A B-F-EH-E

4. Select Stream and click OK.

5. A new Workbook tab, Streams, will be listed in the Workbook
Tabs group. Ensure that this new tab is highlighted.

6. Highlight the Name cell and change the name to Other Props.

7. In the Variables group, click the Delete button until all the
default variables are removed.

8. Click the Add button to add a new variable to the tab.
From the Variable list, select Cp/Cv and click Add.

10. Repeat step #9 to add Mass Heat of Vapourization and
Molar Enthalpy as shown below and click Close

Figure 25 ‘

[ Setug‘

Getting Started 1.31

-

‘Workhook Tabs

o]
=

j Material Streams
| Compositions

| Energy Streams
J | | unitops

Tab Contents
Ohject

Name: ([SIE

Order...

Type: Material Stream IA New Type... ]
Variables
Variahle Format l Use Set...
Cp{Cv 4 sig fig
Mass Heat Of Vapourization 4 sig fig | Add.
Molar Enthalpy 4 sig fig
‘ Format... 1

L Order...
Save SetAs...
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11. When complete close the Setup view to return to the
Workbook.

12. The Workbook now contains the tab Other Props which shows
the values of Cp/Cv, Mass Heat of Vapourization, and
Molar Enthalpy as shown below.

Figure 26

= Workbook - Case (Main) = S
Name I Gaswell 1 Gaswell 2 Gaswell 3 ** New **
Cp/Cv <emphy> 3.005 1.502
Mass Heat Of Vapourization [kJ/K <empty> 260.9 889.9
Molar Enthalpy [kd/kgmole] <empty> -9.022e+004 -1.116e+005
il Other Props | Material Streams J Compositions J Energy Streams J Unit Ops J
‘ i Fluid Pkg Al v
] Include Sub-Flowsheets
| (L] ShowName Only
V| Horizantal Matrix Number of Hidden Objects: 1]

Printing Stream &
Workbook Datasheets

In UniSim Design you have the ability to print Datasheets for
streams, operations, and Workbooks.

Printing the Workbook Datasheet

1. Open the Workbook.

2. Right-click (object inspect) the Workbook title bar. The Print
Datasheet pop-up menu appears.

Workbook icon
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The Workbook
Datasheet can be used
to print a report for all
the streams or a
subset. To do this:

e If required, use the
Order/Hide/Reveal
Objects option on the
Workbook menu to
limit the streams
displayed.

e Customize the
Workbook to contain
all the stream data
you want.

e Print the Workbook
Datasheet.

Getting Started 1.33

Figure 27 ‘

= Workbook - Case (Main) : o[ -& @
Print Datasheet... |
Name | GasW 0 P el 3 ** New **
CpiCv <err PENEAge... 502
Mass Heat Of Vapourization [kJ/K <er i 899
Molar Enthalpy [kd/kgmale] <ern Copy Window Snapshot 005
E-mail Window Snapshot...
Print Window Snapshot...
I Other Props | Material Streams J Compositions J Energy Streams J UnitOps J
[ ProductBlock_Gas'Well 1 Fluid Pkg Al v
FeederBlock_GasWell 1
[_] Include Sub-Flowsheets
[_] Show Name Only
v |Haorizantal Matrix Number of Hidden Ohjects: 0

3. Select Print Datasheet. The Select Datablock view appears.

Figure 28

&J Select Datablock(s) to Print for Workbook "Case (Main)" l (=] i&l

Available Datablocks
Ll Status | Select All
=-M All Pages

M| Other Props

- Material Streams
Set Preferences
Use Preferences

.M Compasitions

M| Energy Streams
. Unit Ops

Checked Datablocks will be included in the Datasheet.

Datablocks with trailing ellipses have additional options that

will appear here when selected.

Print

[ | Textto File
Delimited
Specs Only

I Preview...

Format/Layout...
Print Setup...

A,

4. From the list, you can choose to print or preview any of the

available datasheets.

Printing an Individual Stream

Datasheet

To print the datasheet for an individual stream, object inspect the
stream property view title bar and follow the same procedure as for

the Workbook.
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Finishing the Simulation

The final step in this section is to add the stream information
necessary for the case to be used in future modules.

Add the following temperature, pressure, and flow rate to the

streams:

Stream | Temperature “ Pressure Flow Rate

GasWell 1 40°C (105°F) 4135 kPa 425 kgmole/h
(600 psia) (935 Ibmole/hr)

GasWell 2 45°C (113°F) 3450 kPa 375 kgmole/h
(500 psia) (825 Ibmole/hr)

GasWell 3 45°C (113°F) 4175 kPa 575 kgmole/h
(605 psia) (1270 Ibmole/hr)

Save your case!




Getting Started 1.35

Exploring the
Simulation

Exercise 1: Phase Behavior
& Hydrate Prediction

A. Use the Phase Envelope to find the following values:

Critical Point for GasWell 1.

Cricondenbar (maximum pressure) for GasWell 1.

Bubble Point temperature for GasWell 3 at 6000 kPa.

Dew Point temperature for GasWell 1 at 4000 kPa.

GasWell 1 temperature for 50% quality at 8000 kPa.

Hydrate Formation temperature for GasWell 2 at 7500 kPa.
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B Use the Workbook to find the following values:

Bubble Point temperature for GasWell 3 at 6000 kPa.

Dew Point temperature for GasWell 1 at 4000 kPa.

GasWell 1 temperature for 50% quality at 8000 kPa.

C. Use the Hydrate Formation Utility to find the hydrate formation
temperature for GasWell 1 and GasWell 2.

Pressure, kPa Hydrate
Stream h

(psia) Temperature
GasWell 1 5000 (725)
GasWell 1 7500 (1090)
GasWell 2 5000 (725)
GasWell 2 7500 (1090)
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The envelope utility can
perform a calculation
including the effect of
water if the UniSim
Thermo Three-Phase
option is chosen from
combobox at the top
right of the
Connections page.

Challenge

By default the phase envelope utility only performs the flash
calculations on a dry basis; it will ignore any water present in the
stream.

The composition of GasWell 3 contains some water. You have
been asked to perform a number of Dew and Bubble Point
calculations on the stream at various pressures. Knowing that you
cannot accurately predict these points on the Phase Envelope
(because of the water) you start to do the calculations in the
Workbook. After about 30 minutes of doing flashes and writing
down the pressure-temperature values, your colleague comes in
and tells you the wonders of the Property Table and you are done
in about five minutes.

Following your colleague’s advice, set up a Property Table to
generate a Bubble Point curve and Dew Point curve from 100 to
10000 kPa.

Note: If you make any changes to the temperature and pressure
of the streams, be sure to reset them to the values given in the
Finishing the Simulation section above before saving your case.
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Workshop

Refrigeration systems are commonly found in the natural gas
processing industry and in processes related to the petroleum
refining, petrochemical, and chemical industries. Refrigeration is
used to cool gas to meet a hydrocarbon dew point specification and
to produce a marketable liquid.

In this module you will construct, run, analyze, and manipulate a
propane refrigeration loop simulation. You will convert the
completed simulation to a template, making it available to connect
to other simulations.

Learning Objectives

Once you have completed this module, you will be able to:

e Add and connect operations to build a flowsheet

e Use the graphical interface to manipulate flowsheets in
UniSim Design

e Understand forward-backward information propagation in
UniSim Design

e Convert simulation cases to templates

Prerequisites

Before beginning this module, you need to know how to:

e Define a fluid package
e Define streams
¢ Navigate the Workbook interface

2.3
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X

Enter Simulation
Environment icon

Building the Simulation

The first step in building any simulation is defining the fluid
package. A brief recap on how to define a fluid package and install
streams is described below. (For a complete description, see the
previous module).

Defining the Simulation
Basis

1. Create a New Case and add a fluid package.
2. Specify the following property package and component:

On this page...
Property Package

“ Select...

Peng-Robinson

Components

Propane

3. Click the Enter Simulation Environment button when you are

ready to start building the simulation.

Installing a Stream

There are several ways to create streams. (For a complete
description, see the previous module.)

e Press F11. The Stream property view appears.

or

e Double-click the Stream icon in the Object Palette.

Defining Necessary Streams

Add a stream with the following values:

In this cell... “ Enter... ‘
Name 1
Vapour Fraction 0.0

Temperature

50°C (120°F)

Composition

Propane - 100%

Add a second stream with the following properties:
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In this cell...

Name 3

Vapour Fraction 1.0
Temperature -20°C (-4°F)

What is the pressure of Stream 1?

Adding Unit Operations to a
Flowsheet

As with streams, there are a variety of ways to add unit operations
in UniSim Design:

To use the... Do this...
Menu Bar e From the Flowsheet menu, select
Add Operation
or
e Press F12.
The UnitOps view appears.
Workbook e Open the Workbook and go to the

UnitOps page, then click the Add
UnitOp button.

The UnitOps view appears.

Object Palette e From the Flowsheet menu, select
Palette

or

e Press F4. Double-click the icon of the
unit operation you want to add.

PFD/Object Using the right mouse button, drag ‘n’ drop
Palette the icon from the Object Palette to the PFD.

The propane refrigeration loop consists of four operations:
e Valve
e Chiller
e Compressor
¢ Condenser

In this exercise, you will add each operation using a different
method of installation.
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You can filter the
Available Unit
Operations list by
selecting an appropriate
Category. In this case,
Piping Equipment
would filter the list to
include the Valve
operation.

D
2

1
J-T

Adding a J-T Valve

The J-T Valve is modeled using the Valve operation in UniSim
Design. The inlet to the valve comes from the condenser outlet.
The condenser outlet is at its bubble point.

The valve will be added using the F12 hot key.
1. Press F12. The UnitOps view appears:

Figure 1 ‘
B3 UnitOps - Case (Main) = .

Categories Available Unit Operations
All Unit Ops Compressible Gas Pipe 4dd

v, 5 | Header ————

_)Heat Transfer Equipment OLGA Pipe ‘
Rotating Equipment Pipe Segment

Q) Piping Equipment PIPESIM Op

Solids Handling
Reactors
Prebuilt Columns

PIPESYS-UniSim Extension
Reliefvalve
BEL

Short Cut Columns
Sub-Flowsheets

Logicals

Extensions

User Ops

Electralyte Equipment
Upstream Ops

Shadow Plant Ops

UOP Ops

Rate-based Distillation Column

2. Select Valve from the Available Unit Operations list.
3. Click the Add button. The Valve property view appears.

4. On the Connections page, supply the inlet and outlet
connections as shown below:

2.7
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Figure 2 ‘

— oo

Design
Name JT
Connections

Parameters

User Variables

Drop-down lists, such Notes 4_|><]—>_

as for the Feed and Inlet Outlet
Product streams, 1
contain lists of available
streams which can be
connected to the
operation.

v 2 v

Fluid Package
Basis-1 v

il Design | Rating J Worksheet J Dynamics JCost

i Delete Unknown Delta P Ignaored
b S

Adding a Chiller

The Chiller operation in the propane loop is modeled in UniSim

Design using a Heater operation. The outlet of the Chiller will be at
its dew point.

To add a heater:
1. Open the Workbook and click the Unit Ops tab.
Click the Add UnitOp button. The UnitOps view appears.

2
3. Select Heat Transfer Equipment from the Categories group.
4

Select Heater from the Available Unit Operations list as
shown below.
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Chill-Q
3
Chiller
Chiller
Fressure Drop F.000 | kPa
Owerall Doty 1.000e+006 | klfh

Figure 3 ‘

B3 UnitOps - Case (Main)

Categories
All Unit Ops
Vessels

Q) Heat Transfer Equipment
Rotating Equipment
Piping Equipment
Solids Handling
Reactors
Prebuilt Columns
Short Cut Columns
Sub-Flowsheets
Logicals
Extensions
UserOps
Electrolyte Equipment
Upstream Ops
Shadow Plant Ops
UOP Ops

Rate-based Distillation Column

[E=8Hos ==

Awailable Unit Operations

Air cooler Add [
Cooler —_—
Fired Heater l&}

Heat Exchanger

Tube Bundle

2.9

5. Click the Add button, or double click on Heater. The Heater
property view appears.

6. On the Connections page, enter the information as shown

below:

Figure 4 ‘

8 Chiller

Design
Connections
Parameters
User Variables

Notes

Name Chiller

Inlet Energy
2] v Chill-Q v
Outlet
3 v
Fluid Package
Basis-1 v

=)

I Design IRating J ‘Worksheet J Performance J Dynamics JCost

| Detete | | | ignored
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7. Go to the Parameters page.

8. Enter a Delta P value of 7.0 kPa (1 psi) and a Duty value of
1.00e+006 kJ/h (1.00e+06 Btu/hr) for the Chiller.

Figure 5
18 Chiller E= Eol =
Design
The Parameters page Comnections
will be common to most b . Defia o
unit operations and e EDE [= 13?000 008 kd/h
; ' "
contains parameters User Variables [ a | J1-00000e /
such as Delta P, Duty, Maotes
and Efficiency.
Delta T
|—n.?91ac
t Design | Rating J Worksheet J Perfarmance J Dynamics JCost
| peee | I (| ionored

9. Close the property view.

What is the molar flow rate of propane?

g@ What is the pressure drop across the J-T valve?

What is the temperature of the valve outlet (stream 2)?

[ Adding a Compressor

Compressor icon The Compressor operation is used to increase the pressure of an
inlet gas stream.

To add a compressor:

1. Press F4. The Object Palette appears.

2. Double-click the Compressor icon on the Object Palette. The
Compressor property view appears.

3. On the Connections page, enter the stream information as
shown below:

2.10
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Figure 6 ‘

| ] Compressor ‘ = H =l
Design Name  Compressor
Connections Inlet
Parameters 3 &
Fluid Package
Lifks Basis-1 v
User Variables
Notes
Energy
Comp-HP
=R b Outlet
4] v
[ Design I Rating J ‘Worksheet | Performance J Dynamics JCost
[ Delete Unknown Duty On Ignored

4. On the Parameters page, leave the Adiabatic Efficiency at
its default value of 75% as shown below:

* Sy
B
# Figure 7
Compressor - -
Adiabatic Efficiency | 75 | =) Compressor EI@
Compressar
Design Efficiency and Speed Pressure Specs
. Adiabatic Efficiency 75.000 Pressure Increase |_| <empty>
Connections Polytropic Efficiency <armnpty> Pressure Ratio | <amphy>
2 Parameters
Links Commpressor Speed Calculation

UserVariahles | Design Speed for the Compressor

MNotes
Dty
<emphy>
g = Curve Input Option
Dmpress.or ype : @) Single Curve Multiple MW Curves
Q) Centrifugal Reciprocating
Multiple IGY Cunves Reduced Curves
Screw
Multiple GWF

] Design | Rating J ‘Worksheet J Ferformance J Dynamics JCust
Delete ‘ Unknown Duty On Ignored

Adding the Condenser

The Condenser operation completes the propane refrigeration loop.
It is placed between the Compressor and the Valve and is modeled

as a Cooler operation.
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&

Cooler icon
i
Cond-Q
Condenser
Condenser

Fressure Drop | 25.00 | kFa

2.12

Working with a graphical representation, you can build your
flowsheet in the PFD using the mouse to install and connect
objects. This procedure describes how to install and connect the
Cooler using the Object Palette drag 'n’ drop technique.

Using Drag ‘n’ Drop in the PFD

1. Click the Cooler icon on the Object Palette.

2. Move the cursor to the PFD. The cursor will change to a special
cursor, with a box and a plus (+) symbol attached to it. The
box indicates the size and location of the cooler icon.

3. Click again to “drop” the cooler onto the PFD.

There are two ways to connect the operation to a stream on the

PFD:

To connect using the... Do this...

Attach Mode toggle 1.

H 2.

Press the Attach Mode toggle button on
the PFD button bar.

Place the cursor over the operation. The
connection points are highlighted as
squares and rectangles. Material stream
connections are dark blue, energy stream
connections are red.

Move the cursor over the connection you
want to make. When over the connection
the cursor icon changes to one with a white
square, and a pop up message tells you
which connection it is.

Press and hold the left mouse button.

Move the cursor to the stream icon you
wish to connect, if a connection is allowed a
square connection point appears.

Move the cursor over the connection point
and release the mouse button.

CTRL key 1.

Press and hold the CTRL key, notice that
the Attach Mode button appears depressed.

Follow the same steps as above
When complete, release the CTRL key.

4. From the PFD, connect stream 4 to the Condenser inlet and
connect the Condenser outlet to stream 1 using one of the

methods in the table above.

5. Add an Energy Stream. Change the name to Cond-Q.
6. Double-click on the Condenser.

7. On the Parameters page, enter a Delta P of 35 kPa (5 psi).
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Figure 8 ‘

& Condenser E@

Design
Connections

Parameters Delta P Duty
FS.DD kPa | |1 587e+006 kl/h

Uservariables

Maotes /_\\l
NS

Delta T
|—22.5E| C

i Design | Fating JWorksheet J Performance J Dynamics JCost

Deicte | | "~ norec

9
%Q What is the compressor energy in hp?

Hint: Clone a unit set
and set the Power to
“hp” units.

Save your case!
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Undo/Redo/Recent
Values

UniSim Design offers an undo/redo facility. It applies in the
following circumstances:

e Values entered into object property values (streams/unit
operations)

e PFD object moves and resizing

Object Property Views

In any object property view (e.g. a material stream or any unit
operation) UniSim Design has an unlimited undo/redo feature.

To use undo/redo use the Undo and Redo options on the Edit
menu or the short cut keys CTRL Z and CTRL Y.

%] 4526.01.GettingStarted.usc - UniSim Design R440 - 1
File Edit] Simulation Flowsheet PFD Tools Window Help
1 6[® Undo cri+z | | A
€ Redo Ctrl+Y
& Cut Ctrl+X
&3 Copy Ctrl+C
Copy Specia Ctrl+Shift+C
& paste Ctrl+V

Additionally by right clicking on any specified value a list of all
recent entered values can be entered.

2.14
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Figure 10

2.15

. E=5 Eol =
Worksheet Stream Name 1
— “apour / Phase Fraction 0.0000
Condmgns Temperature [C] I anan
Properties Pressure [kPa] Recent Values | ¥ | 40.00
Somposiion Molar Flow [kgmole/h] T 9\l 5500
Kvalue Mass Flow [kg/h] 4135 ;
User Variables Std Ideal Liq Vol Flow [m3/h] 8161 50.00
Notes Molar Enthalpy [kJ/kgmole] -1181e+005 | |7
CostParameters | |} 101ar Entropy [kd/kgmale-C] 96.75
Heat Flow [kJ/h] -1.107e+007
Lig Yol Flow @Std Cond [m3/h] 8.145
Fluid Package Basis-1
Phase Option Multiphase
< |l »

tWorksheet| Aftachments ] Dynamics J

‘ Delete ‘ [ Define from Other Stream... ‘ « =

Note that any undo/redo/recent values information is lost when
the object property view is closed. Each time an object property
view is opened fresh undo/redo/recent values information is
stored.

Note also that using the undo/redo/recent values facility has the
same effect as typing the value in the cell; any other parts of the
flowsheet that depend on the value will recalculate accordingly.

PFD object moves and
resizing

UniSim Design also has an unlimited undo/redo facility for object
moves and object resizing on the PFD. This is also accessed by the
Undo and Redo options on the Edit menu or the short cut keys
CTRL Z and CTRL Y.

Note that any undo/redo information is lost when the PFD window
is closed. Each time a PFD window is opened fresh undo/redo
information is stored.

Note also that you cannot undo object deletion.
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Manipulating the PFD

The PFD is designed around using the mouse and/or keyboard.
There are a number of instances in which either the mouse or the
keyboard can be used to perform the same function. One very
important PFD function for which the keyboard cannot be used is
object inspection.

You can perform many of the possible tasks and manipulations on
the icons in the PFD by using object inspection. Place the mouse
arrow over the object you want to inspect and press the right
mouse button. An appropriate menu is produced depending upon
the object selected (Stream, Streamline, Operation, Column, PFD
Table, PFD Background, Text Annotation etc.).

A list of the objects that you can object inspect are shown in the
following table with the corresponding menus.

“ Object Inspection Menu...

PFD Mode N
Seleck Objects...
Reveal Hidden Objects...
Choose Label Yariable
Cut/Paste Ohjects 4
Dryniaric Initialization 4
MalFunction Manager 4
Insert Object. ..
Copy Pane To Clipboard 4
| Prink PFD
Prink Setup. ..
Prink PFD To File 4
Add warkbook Table
Text Annotations View Properties. .
Hide
X Delete
@ Transform 4
Change Eont...
Change Colour...
Togale Line Breaks. ..

2.16
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Object... “ Object Inspection Menu...
Unit Operations Wiews Properties. ..
Print Datasheet. ..

¥ML Data Exchange. ..
Change Fluid Package...

Cut/Paste Objects r
Drynarnic Initializakion r
Malfunction Manager r
Hide
Ignore

X Delete
Show Table
Farmat Label 4

Move/Size Label

@; Transform 4
Change Icon...
Change Image...
Auko-Paosition

Drawe Wire Frame

Unit Operation Tables Wiew Properties. ..

Hide Table
Change Fant. ..

Change Colour...

Workbook Tables Hide
Change Columns. ..
Change Font...

Change Colour, ..

2.17
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Object...

Streams

(Depending on where on the
stream you click, either of
these two menus will appear.
To see the long menu, right-
click on the stream icon. To see
the short menu, right-click on
the stream line).

“ Object Inspection Menu...

Wiew Properties. ..

Print Datashest...

#ML Data Exchange...
Change Fluid Package. ..

Cut/Paste Objects

Dynarnic Initializakion

Malfunction Manager

Hide:
Ignore

Delete

Show Table
Format Label

Move)Size Label

Transform
Change [con...
Change Image...
Auko-Posikion

Dirawe Wire Frame

Draw Thick Streamling

View Properties..,

Print Datasheet. ..

Break Connection

Manual Route
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A

Add Text icon

The width of the text
box is modified by
clicking the Size Mode
button on the PFD
button bar and then
clicking on the text box.
Click on either white
square that appears on
the left and right side of
the text box and drag
to desired width.

Customize the PFD by performing the following:

1.

3.

Add the Title: Propane Refrigeration Loop by clicking the
Add Text icon on the PFD tool bar. Move the cursor to an
appropriate location on the PFD where the text should be
displayed and left-click the mouse button. Type the title text in
the Text Props View that appears and click OK. Modify the
title color, font and size from the options available in the Text
Annotations menu. Hint: right-click on the title to see this
menu.

Add a Workbook Table for the material streams in the
simulation. Hint: right click on the PFD background and use the
Add Workbook Table option.

Add a Table for Stream 4. Hint: right-click on Stream 4

Note that existing tables can be modified by double clicking on
them and making the desired changes.

Save your case!
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Saving the Simulation
as a Template

A template is a complete flowsheet that has been stored to disk
with additional information included so that the flowsheet can be
added to another model as a sub-flowsheet operation.

Typically, a template is representative of a plant process module or
portion of a process module. The stored template can subsequently
be read from disk and efficiently installed as a complete sub-
flowsheet operation any number of times into any number of
different simulations.

Some of the advantages of using templates are:
e Provides a mechanism by which two or more cases can be
linked together
e Employs a different property package than the main case to
which it is attached
e Provides a convenient method for breaking large simulations
into smaller, easily managed components

e Is created once and can be installed in multiple cases
Before you convert the case to a template, it needs to be made
generic so it can be used with gas plants of various flow rates. In
this case, the Chiller Duty dictates the flow rate of propane
required.

1. Delete the Chiller Duty value.

2. From the Simulation menu, select Main Properties. The
Simulation Case view appears as shown below.
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Figure 11 ‘

=4l Simulation Case: Case

==

Name Case Tag Main
Object Status

Minimum Severity Optional Info v
Severity Source Message -
Optional Info Chill-Q Unknown Heat Flow |[=
Optional Info Chill-Q Not Solved
Optional Info Chiller Unknown Duty
Optional Info Chiller Not Solved
Optional Info Compressor Unknown Duty
Optional Info Compressor Not Solved
Optional Info Condenser Unknown Duty | +

—:Stﬂtus Messagesl Calc Levels ]Nules PV Balance ]Lock Revision Caontrol J

f Convertto Template

{Converna Smart Template | lUpdate Smart Templates| | convertto PYT Exp Template... |

3. Click the Convert to Template button.
Click Yes to convert the simulation case to a template.

5. Answer No to the question “"Do you want to save the
simulation case?”.

6. Go to the File menu and Save the template as
4526.02.C3Loop.utpl.

2.21
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To set up the printer,
select Printer Setup
from the File menu,
then select either the
Graphic Printer or the
Report Printer. This
allows you to set the
printer configuration:
printer, paper, size,
source and orientation.

Choosing the Print
command when the PFD
is the active view will
print the PFD. There are
no datasheets available
for the PFD.

2.22

Analyzing the Results

This section describes how to retrieve and print unit operation
results.

Printing Datasheets for Unit
Operations

In UniSim Design you can print results through:

e The menu bar
e Object inspection of unit operations
e The Report Manager

Printing Using the Menu Bar
Choose one of the following options from the File menu:

e Print. Lists the available Datasheets for the active unit
operation. You can highlight a Datasheet and either preview

or print it.
Figure 12
24 Select Datablock(s) to Print for Cooler "Condenser” = =2 X
e ——— S
Awvailable Datablocks ;
( -
2 ;::: Design Select All E
+ Rating
L Textta Fil
+-F Waorksheet l Inver Selection = ? ],E”
4-F Performance o) Delimited
+- Dynamics Specs Only ‘
P Notes | Preview...
(o pe )
Checked Datablocks will be included in the Datasheet E
Datahlocks with trailing ellipses have additional options that mal/Layouls
will appear here when selected LPnnTlupJ

¢ Print Window Snapshot. Prints a bitmap of the active
UniSim Design view.
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Printing Using Object Inspection

Object inspect the Title Bar of the unit operation property view and
select Print Datasheet. A list of available Datablocks is displayed
for the object.

Printing Using Report Manager

1. Open the Tools menu. Select Reports. The Report Manager
view appears as shown below.

Figure 13
=] Report Manager ‘ = H,‘Ei[@
Available Beports Printing
: i i Create...

Specs Summary... J Textto File
nited

D

2. Click the Create button to add a new report. The Report
Builder view appears as shown below.

Figure 14 ‘

=il Report Builder - Reportl e -E \@
Report Name Feportl] Size: 0Pages
Report Datasheets Printing
i Print
Textto File
Delimited
Specs Only
Format/Layout...
Insert Datasheet... ‘ Edit Datasheet Remove Datasheet ol ‘ Print Setup... I

3. Click the Insert Datasheet button to add datasheets to your
report. You can add single or multiple unit operation Datasheets
to a report.

2.23
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% bl
=%l Select Datablocks for Datasheet, u@ﬁ
Source for Datablocks Awvailable Datablocks
Q) Pick a Specific Object by Name _) Pick All Objects of a Given Type #-M Worksheet [ Add
Flowsheets Objects Eilter 4 ¥ Atachments  —
= I - || A 2 Rnoyes Cancel
[2 © Streams F PSD Properties
3 Unitops W UserVariables —_—
4 > Logicals W Status | Select All
<Waorkbook - Main> @) Utilities W Notes —————
Chill-Q ® Reactions Invert Selection ]
Chiller
Other
Comp-HP
Compressor Custorn .
Condenser Checked Datablocks will be included in the Datasheet.
Cong-Q —— Datablocks with trailing ellipses have additional options |
ST - Setup Custom that will appear here when selected.
|
_

2.24
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Clicking on an entry
with a “+"” sign will
open an expanded
menu.

Adding Unit Operation
Data to the Workbook

Each WorkBook has a Unit Ops page by default that displays all the
unit operations and their connections in the simulation. You can
add additional pages for specific unit operations to the WorkBook.
For example, you can add a page to the WorkBook that contains
only the compressors in the simulation.

Adding a Unit Operation
Tab to the WorkBook

Open the Workbook. Open the Workbook menu. Select
Setup. The Setup view appears.

2. Click the Add button in the Workbook Tabs group. The New
Object Type view appears.

3. Select Rotating Equipment and expand the list. Select
Compressor as shown.

Figure 16
351 New Object Type e ) S
B o s e ]
Es Unit Operations gk

+-Vessels 1 ]
i | Cancel |
+-Heat Transfer Equipment e —
=-Rotating Equipment
Compressor

Expander

Pump

Turhine
+-Piping Equipment
+-Solids Handling Operations
4+ Reactors
- Prebuilt Columns
- Short Cut Columns
+-Sub-Flowsheets
+-Logical Operations
- Electrolyte Equipment

< i » 'ﬁ

4. Click OK. A new page, Compressors, containing only
compressor information is added to the Workbook.

5. Close this view.

2.25
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Remember you can
Object Inspect an
object by selecting it
and then clicking on it
with the right mouse
button.

2.26

Adding Unit Operation
Data to the PFD

For each unit operation, you can display a Property Table on the
PFD. The Property Table contains certain default information about
the unit operation.

Adding Unit Operation
Informatlon to the PFD

. Open the PFD.

2. Select the unit operation for which you want to add the
Property Table.

3. Object Inspect the unit operation.
4. Click Show Table.

5. After the table has been added, you can move it by selecting it
and dragging it with the mouse.

6. If you Object Inspect the table, you can change its properties
and appearance. You can also specify which variables the table
will show.
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Advanced Modeling

One of the key design aspects of UniSim Design is how Modular
Operations are combined with a Non-Sequential solution algorithm.
Not only is information processed as you supply it, but the results
of any calculation are automatically propagated throughout the
flowsheet, both forwards and backwards. The modular structure of
the operations means that they calculate in either direction, using
information in an outlet stream to calculate inlet conditions. This
design aspect is illustrated using the Propane Refrigeration Loop.

Figure 17

Conc-G

&N

Condenser

Comp-HP

Chill-C

Chiller

Initially, the only information supplied in the case is the
temperature and vapour fraction for streams 1 and 3 and the
composition of stream 1. Since the temperature, vapour fraction,
and composition of stream 1 are known, UniSim Design will
automatically perform a flash calculation and determine the
remaining properties (pressure, intensive enthalpy, density, etc.)
which are independent of flow.

2.27
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Propane Refrigeration Loop

When streams 1 and 2 are attached to the valve J-T, UniSim
Design first determines what information is known in either the
input or output stream. It will then assign these values to the other
stream. In this case, since no valve pressure drop was specified,
only the composition and intensive enthalpy of stream 1 will be
passed to stream 2.

By attaching stream 2 and 3 to the heater operation, Chiller, the
composition of stream 2 is passed to stream 3 (100% Propane).
UniSim Design can now perform a flash calculation on stream 3
and determine the remaining properties which are independent of
flow, i.e. pressure, enthalpy, etc.

Using the calculated pressure of stream 3 and the specified
pressure drop across the heater, UniSim Design back calculates the
pressure of stream 2. Since pressure, composition and intensive
enthalpy of stream 2 are now known (the valve is isenthalpic),
UniSim Design can calculate the temperature of stream 2.

In addition, UniSim Design uses the specified heater duty and the
intensive enthalpy of streams 2 and 3 to calculate the flow rate,
which is then passed on to streams 1, 2 and 3.

Next, the Compressor is added to the simulation. Since all of the
inlet information is known, the compressor has only 2 degrees of
freedom remaining. Parameters such as Efficiency, Duty, or Outlet
Pressure can satisfy one degree of freedom. The second degree of
freedom comes from the Condenser.

The Condenser connects the Compressor outlet to the Valve inlet
(which is completely defined). The user supplies the Condenser
pressure drop, and UniSim Design calculates the inlet pressure,
which is also the Compressor outlet pressure (the second degree of
freedom for the Compressor).
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Exploring the
Simulation

Use your saved case (not the template) for the following exercises.

Exercise 1: Design vs.
Rating Scenarios

In the plant, you are unable to accurately measure or calculate the
chiller duty. You do, however, know that the compressor is rated
for 250 hp and that it is running at 90% of maximum and 72%
efficiency.

What is the chiller duty?

The Chiller Gas Flow meter has finally been calibrated and you can
determine the chiller duty. It has been decided to increase the
chiller duty to 1.5 MMBTU/hr.

With the compressor running at the same horsepower (225 hp),
what is the best chiller outlet temperature you can achieve (and
thus maximize cooling for the process) while still running the
compressor at a reasonable operating point?

2.29
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Exercise 2: Refrigerant
Composition

Before starting this exercise return the refrigeration loop to its
original configuration: Chiller duty specified (1.00e+006 kJ/h),
compressor adiabatic efficiency specified (75%) and power
calculated, chiller outlet temperature specified (-20°C).

Your local propane dealer arrives at your plant selling a 95/5
(mole%) Propane/Ethane blend.

9 What effect, if any, does this new composition have on the
% N refrigeration loop?

Use the base case for comparison:

Base Case: New Case:
100% Propane 5% Ethane,
95% Propane
Flow,
kgmole/h

Condenser Q,
k3/h

Compressor Q,
hp

2.30
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Challenge: Adding an
Economizer

Create a two stage refrigeration loop by adding an Economizer.

What is the net compression in hp?

Figure 18

Condenzer

ry \ Cond-Q
- V-100 E
Stage Stage
:’Jomp ?;'ua“g.; ! %omp Eg’mp
HP 3
[~ Chill_Q
1
VL¥-100 Chiller 1
e
JT

For this Item...

Add this specification...

Stream 1 T = 50°C and Vf = 0.0.
100% Propane

Chiller Pressure Drop = 7 kPa
Q = 1.0e+006 ki/h

Stream 3 T = -20°C
Vf=1.0

Stream 4 P = 625 kPa

Mixer Equalize All Pressures

Condenser Pressure Drop = 35 kPa

Save your case!
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Workshop

In this simulation, a simplified version of a refrigerated gas plant
will be modeled. The purpose is to find the LTS (Low Temperature
Separator) temperature at which the hydrocarbon dew point target
is met. The Sales Gas hydrocarbon dew point should not exceed
-15°C at 6000 kPa. The incoming gas is cooled in two stages—first
by exchange with product Sales Gas in a gas-gas exchanger (Gas-
Gas) and then in a propane chiller (Chiller), represented here by a
Cooler operation. A Virtual Stream operation will be used to
evaluate the hydrocarbon dew point of the product stream at 6000
kPa.

Learning Objectives

Once you have completed this section, you will be able to:

e Install and converge heat exchangers
e Understand logical operations (Virtual Stream and Adjust)

e Use the Case Study tool to perform case studies on your
simulation

Prerequisites

Before beginning this section you need to know how to:

e Create a fluid package
e Add streams
e Add unit operations

3.3
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If you want to re-create
the fluid package, refer
to the first module
(Getting Started).

Building the Simulation

Three tasks are required to build the simulation:

1. Defining component list and fluid package
2. Adding streams and unit operations
3. Adding logical operation (Virtual Stream and Adjust)

Defining the Simulation
Basis

For this case, you will be using the Peng-Robinson EOS with the
following components:

¢ Nitrogen e j-Butane
e H2S e n-Butane
e (CO2 ¢ i-Pentane
e Methane ¢ n-Pentane
e Ethane e n-Hexane
e Propane o C7+%*

e H20

1. Create a New Case.

2. On the Fluid Pkgs tab import the fluid package,
4526.01.GasPlant.fpk, which you saved in Module 1 (Getting
Started).

Adding a Feed Stream

Add a new Material stream with the following values:

3.5
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—
Inlet Sep
hap

To
Fefrig

—
Inlet Sep
Lig

3.6

Refrigerated Gas Plant

In this cell... “ Enter...

Name To Refrig

Temperature 15°C (60°F)

Pressure 6200 kPa (900 psia)

Flow Rate 1440 kgmole/h (3175
Ibmole/hr)

Component Mole Fraction

Nitrogen 0.0066

H2S 0.0003

C0o2 0.0003

Methane 0.7575

Ethane 0.1709

Propane 0.0413

i-Butane 0.0068

n-Butane 0.0101

i-Pentane 0.0028

n-Pentane 0.0027

n-Hexane 0.0006

C7+* 0.0001

H20 0

Adding a Separator

There are several ways to add unit operations. For a complete
description, see the Propane Refrigeration Loop module
(Adding Unit Operations to a Flowsheet section).

e Press the F12 hot key. Select the desired unit operation

from the Available Unit Operations group.

e Double-click the unit operation button in the Object Palette.

On the Connections tab, add a Separator and enter the following

information:

In this cell...

Name

Inlet Gas Sep

Feed

To Refrig

Vapour Outlet

Inlet Sep Vap

Liquid Outlet

Inlet Sep Liq
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=

Heat Exchanger icon

The Tube Side and
Shell Side streams can
come from different
Flowsheets, so for
example, you can use
Steam Tables for the
fluid package on one
side of the exchanger
and Peng-Robinson on
the other side.

IT5
‘wap
Inlet Sep Gas to
Wap Chiller
Gas Gas
Sales
Gas

Adding a Heat Exchanger

The heat exchanger performs two-sided energy and material
balance calculations. The heat exchanger is capable of solving for
temperatures, pressures, heat flows (including heat loss and heat
leak), material stream flows, and UA.

1. Double-click the Heat Exchanger button on the Object Palette.

2. On the Connections page, enter the following information:

¥ GasGas = o) !@
Design Tube Side Inlet Name GasGas Shell Side Inlet
Connections Inlet Sep Vap ¥ LTS Vap v
Parameters 4_':'7 :
Specs
Tube Side Shell Sice
User Variables
[ Tubeside Flowsheet [ Shellside Flowsheet
Notes Case (Main) U Case (Main)
Tube Side Outlet Shell Side Outlet
Gas to Chiller v i v
Tube Side Fluid Pkg Shell Side Fluid Pkg
GasPlant o GasPlant >
i Design | Rating J ‘Worksheet I Performance J Dynamics J UniSim STE ICost
| oeee | T oo Ignored

3. Switch to the Parameters page. Complete the page as shown
in the following figure. Set the Heat Exchanger Model to
Exchanger Design (Weighted). The pressure drops for the
Tube and Shell sides will be 35 kPa (5 psi) and 5 kPa
(1 psi), respectively.

3.7
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17} GasGas

Design
Connections
Parameters
Specs
User Variables

Notes

“ Delete J

[E=5 EoE
Heat Exchanger Model Heat Leak/Loss
Q) None Extremes Proportional
Tube Side Shell Side
5.000 kPa
Delta P Delta P
35.00 kPa UA  [<empty>
Individual Heat Curve Details
Pass Name Intervals Dew/Bubble Pt Step Type Pressure Profile
Inlet Sep VYap-Gas 5 154 Equal Enthalpy Const dPdH
LTS Vap-Sales G 5 ~ Equal Enthalpy Const dPdH
" Design [ Rating | Worksheet | Performance | Dynamics | UniSim STE | Cost
9 ] i
Under Specified Ignored

The heat exchanger models are defined as follows:

¢ Weighted. The heating curves are broken into intervals,
which then exchange energy individually. An LMTD and UA
are calculated for each interval in the heat curve and
summed to calculate the overall exchanger UA. The
Weighted method is available only for Counter-Current
exchangers.

e End Point. A single LMTD and UA are calculated from the
inlet and outlet conditions. For simple problems where there
is no phase change and Cp is relatively constant, this option
may be sufficient.

4. Go to the Specs page.

To solve the heat exchanger, unknown parameters (flows,
temperatures) are manipulated by the solver. Each constraint
(specification) will reduce the degrees of freedom by one. The
number of constraints (specifications) must equal the number of
unknown variables. When this is the case, the degrees of freedom
will be equal to zero, and a solution will be calculated.
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Two specifications are needed for this exchanger:

¢ Heat Balance = 0. This is a Duty Error specification and is
needed to ensure that the heat equation balances. This is a
default specification that is always added by UniSim Design
so you do not need to supply it.

e Min Approach = 5°C. This is the minimum temperature
difference between the hot and cold stream.
You can have multiple 5. To add a specification, click the Add button, the ExchSpec

Estimate specifications. view appears.
The Heat Exchanger will

only use the Active Figure 3 ‘
specifications for

convergence. =l GasGas ExchSpec | = | & ‘

Name GasGas ExchSpec
Type Delta Temp
Stream (+) << Stream >>
Stream () << Stream >>
SpecValue <empty>

Parameters | Summary

Delete

6. Provide the following information:

In this cell...

Name Temp Approach
Type Min Approach
Pass Overall

Spec Value 5°C (9°F)

When you change the type of specification, the view will change
accordingly. Once all the information has been provided, the view
will be as shown below:

Figure 4

mTempApproach \ = ‘ =] @

Name TempApproach
Type Min Approach
Pass Overall
Spec Value 5.00C

Parameters | Summary

3.9
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7. Activate the new specification by checking the Active checkbox:

 Gascas E=re

Design Solver Unknown Variables
Tolerance 1 1.000e-04 Vaiie
Sannections é"DWEdEMaX DefiaT | 4?5”;‘3%;; Temperature of Gas to Chiller <empty>
Parameters anonbnor | & Flow of LTS Vap <empty>
Mexdumheratiotis | 2 Temperature of Sales Gas <empty>
Specs lterations | 4
User Variables Unknown Variables | 3
Constraints | 2
Notes Degrees of Freedom | 1

Specifications:

Specified Value Current Value Relative Error | Active | Estim [ T
E-100 Heat Balance 0.0000 kd/h <empty> -1.000 ~ ~ _

E-100 UA <empty> <empty> <empty> ~ —
TempApproach 5.000C <empty> | -6554e+006 P | Add

[ Delete

=

il Design [ Rating J ‘Worksheet J Performance | Dynamics J UniSim STE JCUS(

[ Delete Under Speciied

Ignored

{ What is the flow rate of Gas to Chiller?

3.10
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Finishing the Simulation

Chiller Add the two remaining physical unit operations to complete the
o “ simulation.
ERiér Chiller bfe 1. Add a Cooler and provide the following information:
Chiller

Pressure Drop | 36,00 |kFa In this cell...

Connections
Name Chiller
Inlet Stream Gas to Chiller
Outlet Stream Gas to LTS
Energy Stream Chiller Q
Parameters
Delta P 35 kPa (5 psi)
T 2. Add a Separator and provide the following information on the
Lo Connections tab:
Gaz to LTs :
s In this cell... “ Enter... ‘
) Name LTS
Inlet Stream Gas to LTS
LTS Lia Vapour Outlet LTS Vap
Liquid Outlet LTS Liqg
@ :r;l;f: fiece of information is required for the LTS separator to
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In the next section the LTS feed temperature will be varied using
an Adjust operation to find a temperature at which the dew point
constraint is met. For now, specify the temperature of stream Gas
to LTS to be -20°C (-4°F).

@ What is the pressure of Sales Gas?

What is the temperature of Sales Gas?

3.12
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Adding a Virtual Stream

@ The Virtual Stream operation provides a general purpose facility to
create a live copy of the data from one stream (the Reference
stream) to another (the Target stream). The Reference and Target
streams must be specified on the Connections tab. The Virtual
Stream operation may also be used in other cases, for example, to
perform flash calculations.

Virtual Stream icon

€ Virtual Stream Op: VS-1 [E@’@
Design Name @]
Connections
Local PSD
Reference Stream Target Stream(s)
¥ =" <empty>
SelectFeed Steam | 1 —
————— ==t =
P
F
e

‘ Select Prod Stream

—
Design | Parameters ] ‘Worksheet J Dynamics J Notes J

| Delete RS s Ptence star ] Ignored

To make a duplicate of a stream, four reference variables must be
selected in the Transfer Information section of the Parameters
tab as depicted in Figure 7 below. Composition must be selected,
flow (molar or mass) and two of either: vapour fraction,
temperature, pressure and enthalpy. Selecting pressure and

The Virtual Stream is enthalpy as the last two variables will define the stream uniquely.
classified with the

logical operations on Note backward translation from the Target Stream to the

the Object Palette. Reference Stream is also possible if the corresponding property of
The Virtual Stream the reference stream is deleted and the property of the target

operation shows green
connections because it
does not imply a
material balance.

stream is specified instead.
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@ Virtual Stream Op: VS-1 |EHE’@

Transfer Information

Reference Value Target Stream Yalue
Stream Name |l Sales Gas | | Use HC Dew Point
Yapour Fraction 10000 | ] Multiplier | Offset | 1.0000 I
Temperature [C] 1000 || 1.000 0.0000 | 10.00
Pressure [kPa] 6125 || @ 1.000 | 0.0000 6125
Molar Flow [kgmale/h] 1258 || @ 1.000 0.0000 1258
Mass Flaw [kg/h] 2.444e+004 W 1.000 0.0000 2.444e+004
Std Ideal Lig Vol Flow [m3/h] 7487 || 1 1.000 0.0000 7487
Molar Enthalpy [kd/kgmole] -7.965e+004 e 1.000 0.0000 -7.965e+004
Molar Entropy [kJ/kgmole-C] 1488 | @ 1.000 0.0000 1488
Heat Flaw [kJ/h] -1.002e+008 || £ 1.000 0.0000 -1.002e+008
Lig Yol Flow @Std Cond [m37h] <empty> * 1.000 0.0000 <empty>
Composition vV

‘ Resetto Default ]

P Design Parameters [ Worksheet J Dynamics J Notes J

Delete I, [“ignored

In order to use the Virtual Stream operation to perform flash
calculations, composition and flow (molar or mass) must be
selected in the Transfer Information area of the Virtual Stream
Parameters tab. The user will specify the flash variables, vapour
fraction, pressure and/or temperature, depending on whether dew
or bubble point calculations are the desired target.

1. Double-click on the Virtual Stream icon on the Object Palette.
2. Add the following information on the Connections tab:

In this cell...
Reference Stream Sales Gas
The Virtual Stream .
operation translates Target Stream HC Dew Point
stream data using a
multiplier and offset per 3. Go to the Parameters tab.
the following linear o
formula: 4. Select composition and flow (molar or mass).
Y =M*X+B 5. Specify a Pressure of 6000 kPa (870 psia) for the stream HC
M=Multiplier, B=Offset Dew Point, and set the Vapour Fraction to calculate the dew
Y is the Target stream point temperature. This can be done on the Parameters tab

data, and X is the

of the Virtual Stream (Target Value), or on the Worksheet tab
Reference stream data.

of the HC Dew Point stream itself. Observe that entering the
values in one will populate the other.

3.14
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< Virtual Stream Op: VS-1 ‘ =0 ‘

Transfer Information

Reference Value Target Stream Value
Stream Name I Sales Gas | | Use HC Dew Paint
Yapour Fraction 1.0000 ? Multiplier | Offset 1.0000
Temperature [C] 10.00 r 1.000 0.0000 -19.80
Pressure [kPa] 6125 L 1.000 -1es0 [ 6000 |
Molar Flow [kgmole/h] 1258 || & 1.000 0.0000 1258
Mass Flow [kg/h] 2.444e+004 £ 1.000 0.0000 2.444e+004
Std Ideal Li Vol Flow [m3/h] 7487 || ¢ 1.000 0.0000 74.87
Malar Enthalpy [kJ/kgmole] -7.965e+004 | | ™ 1.000 0.0000 -8.138e+004
Malar Entropy [kd/kgmole-C] 148.8 - 1.000 0.0000 1425
Heat Flow [kJ/h] -1.002e+008 | 1.000 0.0000 -1.024e+008
Lig ol Flow @Std Cond [m3/h] <empty> 1.000 0.0000 <empty>
Composition ~

Resetto Default

Design Parameters | Worksheet J Dynamics J Notes J

Deice | I [ /grored

What is the dew point temperature?

The required dew point is -15°C, is the current dew point higher or
lower?

Assuming pressure is fixed, what other parameter affects the dew
point?

How can we change the dew point in the simulation?
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Adding the Adjust

0 The Adjust operation is a Logical Operation; a mathematical
operation rather than a physical operation. It will vary the value of

Adjust icon one stream variable (the independent variable) to meet a required
value or specification (the dependant variable) in another stream
or operation.

1. Double-click on the Adjust icon on the Object Palette, the
Adjust property view appears.
Figure 9 ‘
© D11 [E=5 Eol =~
Connections Adjust Name ADJ
Connections Adjusted Variable
Notes Object | <empty> Select Var...
The Adjusted Variable Variable:
must always be a user- :
specified value. et vaehle
Object | <empty> SelectVar...
Variable:
Target Value
Source
Q) User Supplied Specified Target Value
Another Object [<empty>—
*) SpreadSheetCell Object

Connections | Parameters J Manitor J User Variables JWorkshee( J

l Delete l l Reset ] l Continue Ignored
‘ Stop Before Execution | [ Stop After Execution |

2. Click the Select Var... button in the Adjusted Variable group.
The Variable Navigator view appears.

3. From the Object list, select Gas to LTS. From the Variable list
which is now visible, select Temperature.

3.16
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Figure 10 ‘

A Select Adjusted Variable For ADJ-i- - =R
f Flowsheet Object Yariable

[Case. JUETOM | Chiller 4 | | Comp Volume Frac (units) a
ChillerQ Cost Factor Disconnect
FeederBlock_HC | Feed Nozzle Elevation
FeederBlock_To f Flow (mass/mole/liq/ides OhjectFilter
| Mass Flow 9 Al
Master Overall and Phase
Master Overall and Phase Streams
HC Dew Paint Molar Enthalpy UnitOps
Inlet Gas Sep — || | Molar Flow Logicals
Inlet Sep Lig ~ || | Overall and Phase Cormp Utilities
Inlet Sep Vap Overall and Phase Comp
LTS Overall and Phase Presst. ColumnOps
“ LTS Lig Pressure Custom
| LTS Vap Product Nozzle Elevation
ProductBlock_HC Std Ideal Lig ol Flow { Custom. i
ProductBlock_Inle Flow Spec £ e
ProductBlock_LTE | |E ature. : z
ProductBlock_Sal | | UserVariables Nanableitar

Sales Gas “apour Fraction Adjustable v

Tn Refrin

Variable Description Temperature Cancel

4. Click the OK button to accept the variable and return to the

Adjust property view.
Always work left to

right in the Variable 5. Click the Select Var... button in the Target Variable group.
::‘:u"igitgsré ?ﬁ:g;‘;?&t 6. Select the object HC Dew point, and then select

Filter when the Object Temperature as the target variable.

list is long. 7. Click the OK button to accept the variable and return to the

Adjust property view.
8. Enter a value of -15°C (5°F) in the Specified Target Value box.
9. The completed Connections tab is shown below.

Figure 11 ‘
€ AD1 mIars
Connections Adjust Name ADJ-1
Connections Adjusted Variahle

Notes Ob;edzl Gasto LTS | Select Var...

Variable: Temperature

Target Variable

Object: | HC Dew Paint SelectVar... |

Variable: Temperature

Target Value
Source
Q) User Supplied Specified Target Value

Another Object 15.0000 C

SpreadSheetCell Object

i Connections | Parameters J Manitor J User Variables J ‘Worksheet J

l Delete ‘ \ Reset ] Caontinue |lgnored

Stop Before Execution ‘ Stop After Execution
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When adjusting certain
variables, it is often a
good idea to provide a
minimum or maximum
which corresponds to a
physical boundary, such
as zero for pressure or
flow.

3.18

10. Switch to the Parameters tab, and enter Minimum and
Maximum values of =20°C (-4°F) and 0°C (32°F) respectively:

Figure 12
€ ADJ1 ‘?”_E—]@
Parameters Solving Parameters

Barameters Mode Sequential

Options Method Secant
Tolerance 0.10000C
Initial Step Size 10.000C
Maximum Step Size <empty>

<Unbounded>
<Unbounded>
10

Minimum (Optional)
Maximum (Optional)
Maximum Iterations

i Adjust-Recycle Manager...

Optimizer Controlled

———
Connections Parameters | Monitor J UserVariables J\Norksheet J

l Delete j | Reset ] Continue ] | lgnored
Stop Before Execution Stop After Execution

Note the Tolerance and Step Size values. When considering step
sizes, use larger rather than smaller sizes. The Secant method
works best once the solution has been bracketed and by using a
larger step size you are more likely to bracket the solution quickly.

11.To view the progress of the Adjust, go to the Monitor tab.
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Figure 13

® no1 ol
Monitor Iteration History
Tables [Total terations | 5
Plots ter Adjusted Value Target Value Residual
[ [ ]
1 -20.000 -19.801 -4.801
2 -19.986 -19.788 -4.788
3 -19.980 -19.781 -4.781
4 -9.980 -9.824 5.176
5 -15.178 -15.001 -6.950e-004

Connections J Parameters Monitorl User Variables JWorksheet J

[ Delete ] | Reset ] Continue ] \lgnored
‘ Stop Before Execution ‘ Stop After Execution

3.19

point specification?

What is the Chiller outlet temperature required to achieve the dew

Save your case!
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The Modified Secant
method was introduced
in UniSim Design R380.

3.20

Choosing the Adjust Method

In Sequential (i.e. Non-simultaneous) mode the Adjust has a
choice of three methods:

e Secant (default)
e Broyden
¢ Modified Secant

In general the Secant is slower but more reliable than the Broyden
method. The Modified Secant method includes several
enhancements over the original Secant method:

e More efficient control of internal variable bounds and step
size.

e Better able to find a bracket for the solution.

e Reverts to Bi-Section search if unable to find a solution
otherwise.

¢ When the calculation is stuck at one variable bound, it will
switch to the other bound and continue calculations.

In combination this method allows the Adjust to better cope with
the situation where the target variable is invariant over a portion of
the adjusted variable range. The Modified Secant method is a good
general purpose choice.
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FLOW
SHEET

Sub-Flowsheet icon

If at this point a
consistency error occurs
consider these
questions:

What variable is being
transferred from the
main flowsheet stream
to the sub-flowsheet?
Does the sub-flowsheet
stream already have a
value for this variable?
Why?

When the problem is
fixed what needs to be
done to get UniSim
Design to start solving
again?

Advanced Modeling

Linking the Propane Loop to
the Gas Plant

Once you have completed the Refrigerated Gas Plant example, you
can link it to the Propane Loop template.

The Chiller duty, Chiller Q, in the Gas Plant will be linked to the
Chiller duty, Chill-Q, in the Propane Refrigeration Loop template.

1.

Using the Refrigerated Gas Plant simulation constructed above
double-click on the Sub-Flowsheet icon on the Object Palette.

Click the Read an Existing Template button.
Navigate to the template file saved in Module 2,
4526.02.C3Loop.utpl, and click Open.

In the Inlet Connections to Sub-Flowsheet group, connect
the External Stream, Chiller Q to the Internal Stream Chill Q.

Figure 14 ‘
[ Sub-Flowsheet Operation - FLOW-1 [o 7\]7@”1
Name FLOW-1 Tag TPLI Enahle Module Interface
Inlet Connections to Sub-Flowsheet
Internal Stream External Stream
Chill-Q <emphy>
Comp-HP <empty>
** New ** <empty>
Outlet Connections from Sub-Flowsheet
Internal Stream External Stream
Cong-Q <empty>
** New ™ <empty>
il Connections | Transfer Basis J Transition J Yariables JSpecs J Notes J Lock
[ Deicte | N | suo-Flovsheet Envionment.,
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Once the connection is complete, both streams (internal and
external) will have the same name (that of the external stream).

%@ What is the flow rate of propane in the Refrigeration Loop?

3.22
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Exploring the
Simulation

Exercise 1: Modifying the
Exchanger

The available UA for the Gas-Gas Exchanger is only 2e+005
kJ/°Ch. Make the necessary modifications to your exchanger
design to achieve this UA.

How does this affect the LMTD and Temperature Approach?

Challenge

In building the Refrigerated Gas Plant and the Propane
Refrigeration Loop you decided to shortcut things and add a single-
sided Cooler operation instead of the shell and tube exchanger that
will actually be in the plant. This shortcut works for preliminary
work, but now you need to replace the cooler with a shell and tube
exchanger.

Remember, UniSim Design allows you to attach streams from
another flowsheet to either side of the heat exchanger. Using this
feature, you should be able to solve this problem with only an
exchanger in the Refrigerated Gas Plant (no exchanger in the
Propane Refrigeration Loop).

3.23
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Any unit operation can
be temporarily removed
from the calculations by
selecting the Ignore
checkbox.

Both the independent
and the dependent
variables are added to
the Databook from the
Variables tab.

3.24

Using the Case Study

Open the starter case: 4526.03.CaseStudyStarter.usc. This case
is the solution to the Challenge problem in Module 2. The Case
Study tool allows you to monitor the steady state response of key
process variables to changes in your process. You select
independent variables to change and dependent variables to
monitor. UniSim Design varies the independent variables one at a
time, and with each change, the dependent variables are
calculated.

The economizer in the propane refrigeration loop results in a
saving of energy over the single compression loop. The outlet
pressure from the first stage compressor (Stream 4) has a
significant effect on the total compression power required. We will
use the Case Study to see the effect of changing the first stage
compressor outlet pressure on the total power required by the
refrigeration loop.

Note: If your case contains any Adjust operations, they must be
turned off so that they do not conflict with the Case Study.

1. From the Tools menu select Databook (or press CTRL D), to
open the Databook.

Figure 15
4, DataBook = o] ‘@
Awailable Data Entries
Object Variahle dit
[ Insert... ]
T
[ DeleteALL
[ DelAl Unused
l Insert Object And Variable Groups... J
-:Variﬂblesl Process Data Tables J Strip Charts JPIots OPC Client J Data Recorder }ase Studies JJr

2. On the Variables tab, click the Insert button to open the
Variable Navigator.

3. Select the Pressure of stream 4 as the first variable.
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Click the Add button to add the variable.

5. Select spreadsheet Compressor HP, cell B4 and click Add.
Click Close to close the Variable Navigator Window.

6. In the Databook, switch to the Case Studies tab.
7. Click the Add button to add a new Case Study.

Only user-specified 8. Select Stream 4 Pressure as the Independent Variable and
varables can be C HP cell B4 as the Dependent Variabl
selected as ompressor HP ce as the Dependent Variable.
Independent Variables.
Figure 16
“ DataBook = EEE x|
Available Case Studies Case Studies Data Selection
[Case Add J Current Case Study Case Study 1
m Object Variahle Ind | Dep
4 Pressure | ¥ ]
T} Compressor HF B4 | O I v
Available Displays
Tahle
Transpose Tahle ‘ Results...
Q) Graph

] Yariahle Process Data Tables ] Strip Charts JPIots OPC Client J Data Recorder Case Studies

9. Click the View button to set up the Case Study.

10. Enter values for Low Bound, High Bound, and Step Size of
300 kPa (45 psia), 1600 kPa (235 psia) and 50 kPa (5 psi)

respectively.
Figure 17 ‘
=4 Case Studies Setup - Main o -
Case Studies
lCase Sty | Case Study 1 Number of States 27
Step Downward State Input Type Nested v
Variable Low Bound High Bound Step Size Use Log Step | No. of Points
4-Pressure 300.0 kPa 1600 kPa 50.00 kPa L] 27

i Independent Variables Setup | Display Properties J Failed States J

Add Delete Results. [ Start i

11. Click the Start button to begin calculations.
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9 What First Stage compressor outlet pressure (Stream 4) will result
% N in the minimum power usage in the Refrigeration Loop?

3.26
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Workshop

Recovery of natural-gas liquids (NGL) from natural gas is quite
common in natural gas processing. Recovery is usually done to:

e Produce transportable gas (free from heavier hydrocarbons
which may condense in the pipeline)

e Meet a sales gas specification

e Maximize liquid recovery (when liquid products are more
valuable than gas)

UniSim Design can model a wide range of different column
configurations. In this simulation, an NGL Plant will be constructed,
consisting of three columns:

e De-Methanizer (operated and modeled as a Reboiled
Absorber column)

e De-Ethanizer (Distillation column)
e De-Propanizer (Distillation column)

Learning Objectives

Once you have completed this section, you will be able to:

e Add columns using the Input Experts
¢ Add extra specifications to columns

Prerequisites

Before beginning this module, you need to know how to:

e Create a fluid package

e Add streams

e Add unit operations

¢ Navigate the Workbook interface

4.3
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Column Overviews
DC1: De-Methanizer

4.5

DCA1
Ovhd Main TS
1 Current Number of Stages 10
Feed1
2 Top Stage Pressure 2275 | kPa
Feed2 Main TS Bottom Stage Pressure 2310 | kPa
—_ > 4
Ex
Duty |A 1
Boilu DC1 Reb
Reboiler
To )
Reboiler DCA1
Btm

4.5
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4.6

NGL Fractionation Train

DC2: De-Ethanizer

Figure 2

a— oy

To Condenser

pa—

Réﬁjx

Main TS

DC2 Reb
Q

R

Bc‘)mp

—-

To R?tgoiler

Condenser @72

DC2

Ovhd

DC2 Cond Q

Dist
Main TS

Current Number of Stages 14

Top Stage Pressure 2760 | kPa
Bottom Stage Pressure 2792 | kPa

Reboiler

DC2
Btm
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DC3: De-Propanizer

Figure 3 ‘
=
To Condenser
L DC3 Cond Q
Reflux Condenser DC3
Dist
Main TS
Main TS
Current Number of Stages 24
Top Stage Pressure 1620 | kPa
Bottom Stage Pressure 1655 | kPa
o BS3-Reb
Boilup Q
Reboiler
To th;oiler =)
DC3
Btm
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Enter Simulation
Environment icon

4.8

NGL Fractionation Train

Building the Simulation

Defining the Simulation
Basis

1. Start a new case.
2. Select the Peng-Robinson EOS.
3. Add the components:

¢ Nitrogen e n-Butane
e (CO2 e i-Pentane
e Methane ¢ n-Pentane
e Ethane e n-Hexane
e Propane ¢ n-Heptane
e -Butane e n-Octane

4. Enter the Simulation Environment.

Adding the Feed Streams

1. Add a Material Stream with the following data:

Name Feed1

Temperature -95°C (-140°F)

Pressure 2275 kPa (330 psia)

Flow rate 1620 kgmole/h
(3575 Ibmole/hr)

Component Mole Fraction

Nitrogen 0.0025

CO2 0.0048

Methane 0.7041

Ethane 0.1921

Propane 0.0706

i-Butane 0.0112

n-Butane 0.0085
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i-Pentane 0.0036
n-Pentane 0.0020
n-Hexane 0.0003
n-Heptane 0.0002
n-Octane 0.0001

2. Add a Material Stream with the following data:

Name Feed2
Temperature -85°C (-120°F)
Pressure 2290 kPa (332 psia)
Flow rate 215 kgmole/h (475 Ibmole/hr)
Component Mole Fraction
Nitrogen 0.0057

Co2 0.0029

Methane 0.7227

Ethane 0.1176

Propane 0.0750

i-Butane 0.0204

n-Butane 0.0197

i-Pentane 0.0147

n-Pentane 0.0102

n-Hexane 0.0037

n-Heptane 0.0047

n-Octane 0.0027

4.9
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h

Reboiled Absorber
Column icon

The Input Expert
provides the new user
with step by step
instruction for defining
a column.

4.10

Adding the Unit Operations

De-Methanizer

The De-Methanizer is modeled as a reboiled absorber operation,
with two feed streams and an energy stream feed, which
represents a side heater on the column.

1. Add an Energy stream with the following values:

In this cell... | Enter...

Name Ex Duty

Energy Flow 2.1e+006 ki/h (2.0e+06Btu/hr)

2. Double-click on the Reboiled Absorber icon on the Object
Palette. The first Input Expert view appears.

3. Complete the view as shown below:

Figure 4

Column Name DC1 Ovhd Yapour Outlet

DC1 Owhd ¥
Top Stage Inlet
Feed! > Top Stg. Reflux
| Q) Liquid inlet
2 _) Pump-around
Optional Inlet Streams e
Stream Inlet Stage | » #Stages [ T »-  Optional Side Draws
Feed2 2__Main e ’T Stream Type | Draw Stage
Ex Duty 4__Main v E || << Stream >>
1| Reboiler Energy Stream
n
DC1 Reb Q
o Bottoms Liguid Outlet
n DC1 Bt
Stage Numbering ol i b
Q@ Top Down ") Bottom Up
<Prev Connections (page 1 of 4) Cancel
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4. Click the Next button to proceed to the next page.

5. Supply the following information on the Pressure Profile page.
If you are using field units, the values will be 330 psia and

335 psia, for the Top Stage Pressure and Reboiler Pressure,
The Next button is only respectively.

available when all of the
necessary information

nas been suppled.

&] Reboiled Absorber Column Input Expe! ﬁ

Top Stage Pressure

2275 kPa

Rehoiler Pressure

€ P310 kPa

[ < Prev l [ Next > ] Pressure Profile (page 2 of 4) Cancel

6. Click the Next button to proceed to the next page.

7. Enter the temperature estimates shown below. In field units,
the top stage temperature estimate will be -88°C, and the
reboiler temperature estimate will be 27°C

Figure 6

&l Reboiled Absorber Column Input Expel lﬁ

Temperature estimates -

. ptional Top Stage
are not required for the Temperature Estimate
column to solve but [EETIE
they will aid in
convergence.

Optional Reboiler
Temperature Estimate

FT.DD C

By J [ Next> Optional Estimates (page 3 of 4) ﬂ]
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8. Click the Next button to continue.

9. For this case, no information is supplied for the Boil-up Ratio
on the last page of the Input Expert, so click the Done button.

Figure 7 ‘

The basic Reboiled
Absorber has a single
DOF.

Boil-up Ratio

[ < Prev ] [ Dane... ] [ Side Ops > ] Specifications (page 4 of 4)

When you click the Done button, UniSim Design opens the Column
property view. Access the Monitor page on the Design tab.

€ Column: DC1 / COLL Fluid Pkg: Basis-1 / Peng-Robinson = =
5 Optional Check: Profil
Design HSnS les - — bl 10T ) vs. Tray Position from Top
Connections [ Input Summary ] [ Wiew Initial Estimates... gg 8
E Q@ Tem
Monitor Iter Step Equilibrium Heat / Spec A R gg 8
ress 2
Specs 5.000
P Flows ‘318 8
Specs Summary 5000
Subcooling 1.000, R
Notes ==c
Specifications
Specified Value Current Value ‘Wit Error Active |Estimate| Current
Ovhd Prod Rate 1] <empty> <empty> <empty> ~ ~ ~
Btms Prod Rate <empty> <empty> <empty> - 1 ]
Boilup Ratio <empty> <empty> <empty> r V =
[ Wiew.. l [ Add Spec... ] [ Group Active ] [Updatelnacﬂve} [ Order Specs ‘ Degrees of Freedom |0
i~ Design | Parameters J Side Ops J Rating J YWorksheet J Performance J Flowsheet J Reactions J Dynamics JCDS!
[ Delete } l Column Environment... ] L Pun ] [ Reset J_-/ Update Outlets Ignored
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Before you converge the column, make sure that the specifications
are as shown above. You will have to enter the value for the Ovhd
Prod Rate specification. The specified value is 1338 kgmole/h
(2950 Ibmole/hr).

10. Click the Run button to run the column.

What is the mole fraction of Methane in DC1 Ovhd?

Note: Although the column is converged, it is not always practical
to have flow rate specifications. These specifications can result in
columns which cannot be converged or that produce product
streams with undesirable properties if the column feed conditions
change.

An alternative approach is to specify either component fractions or
component recoveries for the column product streams.

11. Go to the Specs page on the Design tab of the Column
property view.

Figure 9 ‘
€ Column: DC1/ COL1 Fluid Pkg: Basis-1 / Peng-Rabinson = EoE ™
Design Column Specifications Specification Details =
. (Gvhd Prod Rate. [ r——
Connections Btms Prod Rate ¢ SpecName Ovhd Prod Rate V| Use As Estimate
Monitor Boilup Ratio ( Add... Converged ? Yes [V]Current
Specs ———— Dry Flow Basis
S Summar ‘—JDEIE‘E
PoCs Y, Spec Type
Subcooling -
Fixed/Ranged Spec | Fixed
Notes Primary/Altemate Spec | Primary
Update Specs from Dynamics ] Valuss
Specification Value U 1338 kgmole/h
Default Basis Molar - Current Calculated Value | 1338 kgmale/h
Errars
Degrees of Freedom {0

‘Weighted Calculated Error -2.425e-006
Absolute Tolerance 1.000 kgmole/h

Weighted Tolerance [ 0.0100
I
Absolute Calculated Eror |

3.245e-003 kgmole/h

@i Design ‘ Parameters J Side Ops J Rating ] ‘Worksheet J Performance J Flowsheet J Reactions J Dynamics JCUst |

: Delete ‘ ‘ Calumn Environment \ l Run I ‘ Reset ‘_ | Update Outlets Ignored

12. Click the Add button in the Column Specifications group to
create a new specification.

13. Select Column Component Fraction from the list that
appears.
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_
1 Add Specs - DC1 (COLT) S

Column Specification Types

| Column Cold Properties Spec a |
| Column Component Flow |
| Col on
Column Component Ratio
Column Component Recovery
Column Cut Paint

Column Draw Rate 1
Column DT (Heater/Cooler) Spec| =
Column Dt Spec

Column Duty

Column Duty Ratio

Column Feed Ratio

Column Gap Cut Point

Column Liguid Flow

Column Physical Properties Spec
Column Pump Around

Column Reboil Ratio Spec

Column Recovery

Column Reflux Feed Ratio Spec

|: Column Reflux Fraction Spec

[ Add Spec(s)... ]

14. Click the Add Spec(s)... button.
15. Complete the spec as shown in the following figure.

&]Comp Frac Spec: C1 in Over... | o= | (=]

Name C1 in Overhead
Stage 1_MainTS
Flow Basis Mole Fraction
Phase Yapour
Spec Value I 0.9600
Components: Methane

<< Component> |

Target Type Stream Q) Stage

[ Parameters | Summary JSpecType J

Delete ‘

16. When you have finished, close the view.

The Monitor page of the column property view shows 0 Degrees of
Freedom even though you have just added another specification.
This is due to the fact that the specification was added as an
estimate, not as an active specification.

17. Go to the Monitor page. De-activate Ovhd Prod Rate as an
active specification and activate the Comp Fraction
specification (C1 in Overhead) which you created.
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&7

Pump icon
P-100
DC2
DC1
Btm Feed
P-100-HP
P-100

Product Pressure | 2790 ‘ kPa

4.15

What is the flow rate of the overhead product, DC1 Ovhd?

Once the column has converged, you can view the results on the

Performance tab.

Figure 12

€ Column: DC1 / COLL Fluid Pkg: Basis-1 / Peng-Robinson =
Performance Reflux Ratio 1.051 OF E Bc)aifl M iiovel
Summary Rehoil Ratio | 1.998 s nerdy st Rss R
Column Profiles Temperature Pressure Net Liquid NetYapour Net Feed Net Draws
Feeds/Products [C] [kPa] [kgmole/h] [kgmole/h] [kgmole/h] [kgmole/h]
1__Main TS -87.09 2275 1419 1620 1350
Plots 2__Main TS -64.28 2279 1361 1143 215.0
3_Main TS -28.00 2283 1463 876.1
4__Main TS -6.474 2287 1422 978.4
5__Main TS 1.074 2291 1492 9374
6__Main TS 3.957 2294 1521 1007
7__Main TS 5.206 2298 1532 1036
8__Main TS 6.016 2302 1532 1047
9__Main TS 7176 2308 1516 1047
10_Main TS 1018 2310 1454 1031
Reboiler 20.06 2310 968.8 485.0
Design J Parameters J Side Ops ] Rating J ‘Worksheet Performance [ Flowsheet J Reactions J Dynamics JCDst
[ Delete ‘ i Column Environment... 1 [ Run j i Reset \— ¥ Update Outlets Ignored

Adding a Pump

The pump is used to move the De-Methanizer bottom product to

the De-Ethanizer.

Install a pump and enter the following information:

In this cell... | Enter...
Connections

Inlet DC1 Btm

Outlet DC2 Feed

Energy P-100-HP
Worksheet

DC2 Feed Pressure 2790 kPa (405 psia)

4.15
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Distillation Column icon

4.16
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De-Ethanizer

The De-Ethanizer column is modeled as a distillation column, with
16 separation stages; 14 stages in the tray section, plus the
reboiler and condenser. It operates at 2760 kPa (400 psia)
pressure. The objective is to produce bottom product with a ratio of

ethane to propane of 0.01.

1. Double-click on the Distillation Column button on the Object
Palette and enter the following information:

In this cell... “ Enter...
Connections

Name DC2

No. of Stages 14

Inlet Stream/Stage DC2 Feed/6
Condenser Type Partial
Overhead Vapour Product DC2 Ovhd
Overhead Liquid Product DC2 Dist
Bottoms Liquid Outlet DC2 Btm
Reboiler Duty Energy DC2 Reb Q
Condenser Duty Energy DC2 Cond Q
Pressures

Condenser 2725 kPa (395 psia)

Condenser Delta P

35 kPa (5 psi)

Reboiler

2792 kPa (405 psia)

Temperature Estimates

Condenser

-4°C (25°F)

Reboiler

95°C (200°F)

Specifications

Overhead Vapour Rate

320 kgmole/h (700 Ibmole/hr)

Distillate Rate

0 kgmole/h

Reflux Ratio

2.5 (Molar)

2. Click the Run button to run the column.

What is the flow rate of Ethane and Propane in DC2 Btm?

Ethane

, Propane

What is the ratio of Ethane/Propane?
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Lal

3. On the Specs page, click the Add button to create a new

specification.

4. Select Column Component Ratio as the Column
Specification Type and provide the following information:

Name C2/C3

Stage Reboiler
Flow Basis Mole Fraction
Phase Liquid

Spec Value 0.01
Numerator Ethane
Denominator Propane

5. On the Monitor tab, de-activate the Ovhd Vap Rate
specification and activate the C2/C3 specification which you

created.

What is the flow rate of DC2 Ovhd?

Adding a Valve

A valve is required to reduce the pressure of the stream DC2 Btm
before it enters the final column, the De-Propanizer.

Valve icon
Add a Valve operation and provide the following information:
OUNETTAN [r his cell._____ [ Enter. |
DC2
Btm VLV-100 Connections
VLV-100 Inlet DC2 Btm
Product Pressure ‘ 1680 | kPa Outlet DC3 Feed
Worksheet

DC3 Feed Pressure

1690 kPa (245 psia)
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De-Propanizer

The De-Propanizer column is represented by a distillation column
consisting of 25 separation stages, 24 stages in the tray section
plus the reboiler (note: a total condenser does not count as a
separation stage). It operates at 1620 kPa (235 psia). There are
two process objectives for this column; to produce an overhead
product that contains no more than 1.50 mole percent of i-C4 and
n-C4, and that the concentration of propane in the bottom product
should be less than 2.0 mole percent.

1. Add a distillation column and provide the following information:

Connections

Name DC3

No. of Stages 24

Inlet Streams/Stage DC3 Feed/11
Condenser Type Total

Ovhd Liquid Outlet DC3 Dist

Bottom Liquid Outlet DC3 Btm

Reboiler Duty Energy DC3 Reb Q
Condenser Duty Energy DC3 Cond Q
Pressures

Condenser 1585 kPa (230 psia)

Condenser Delta P

35 kPa (5 psi)

Reboiler

1655 kPa (240 psia)

Temperature Estimates

Condenser

38°C (100°F)

Reboiler

120°C (250°F)

Specifications

Distillate Rate 110 kgmole/h (240 Ibmole/hr)

1.0 (Molar)

Reflux Ratio

2. Run the column.

What is the mole fraction of Propane in the product streams?

Overhead Bottoms

3. Create two new Component Fraction specifications for the
column.
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In this cell... | Enter...

i-Butane and n-Butane in Distillate

Name iC4 and nC4

Stage Condenser

Flow Basis Mole Fraction

Phase Liquid

Spec Value 0.015

Components i-Butane and n-Butane

Propane in Reboiler Liquid

Name C3

Stage Reboiler
Flow Basis Mole Fraction
Phase Liquid

Spec Value 0.02
Component Propane

4. De-activate the Distillate Rate and Reflux Ratio
specifications.

5. Activate the i-Butane, n-Butane, and Propane specifications
that you created.

Save your case!
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The presence of the
green “Up Arrow” icon
in the toolbar and the

Environment Name i.e.

(COL1) indicates that

you are in the column.

4.20

Advanced Modeling

The column is a special type of sub-flowsheet in UniSim Design.
Sub-flowsheets contain equipment and streams, and exchange
information with the parent flowsheet through the connected
streams. From the main environment, the column appears as a
single, multi-feed, multi-product operation. In many cases, you can
treat the column in exactly that manner.

The column sub-flowsheet provides a number of advantages:

e Isolation of the column solver. The Column Environment
allows you to make changes and focus on the column
without the re-calculation of the entire flowsheet.

e Optional use of different fluid packages. UniSim Design
allows you to specify a unique (different from the main
environment) fluid package for the column sub-flowsheet.
This is useful when a different fluid package is better suited
to the column (e.g. a Gas Plant using PR may contain an
Amine Contactor that needs to use the Amines Property
Package), or the column does not use all of the components
used in the main flowsheet and so by decreasing the
number of components in the column you may speed up
column convergence.

e Construction of custom templates. In addition to the default
column configurations which are available as templates, you
may define column setups with varying degrees of
complexity. Complex custom columns and multiple columns
may be simulated within a single sub-flowsheet using
various combinations of sub-flowsheet equipment. Custom
column examples include, replacement of the standard
condenser with a heat exchanger, or the standard kettle
reboiler with a thermosyphon reboiler.

e Ability to solve multiple towers simultaneously. The column
sub-flowsheet uses a simultaneous solver whereby all
operations within the sub-flowsheet are solved
simultaneously. The simultaneous solver permits the user to
install multiple interconnected columns within the sub-
flowsheet without the need for recycle blocks.
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i

Enter Parent Simulation
Environment icon

&

Column Runner icon

You can enter the column sub-flowsheet by clicking the Column
Environment... button in the column property view. Once inside the
column environment, you can return to the parent environment by

either:

e Clicking the Enter Parent Simulation Environment icon
in the toolbar.

or

e Clicking the Parent Environment... button in the Column
Runner view, as shown below:

[E=1 EOl =5

€ Column: DC2 / COL2 Fluid Pkg: Basis-1 / Peng-Robinson

Design Column Name DC2 Sub-Flowsheet Tag COLZ Condenser
Total Q) Partial Full Reflux
i &
Connections \[ Edit Condenser Reflux |
Condenser Energy Stream (S shinter R sl il
Manitor DC2 Ovhd =
DC2 Cond Q v Delta P
Specs a 35.00 kPa Overhead Outlets
Specs Summary DC2 Dist o
Subcooling 1
s Optional Side Draws
Notes 2 P cond = T o] St
Inlet Streams Numof | 2725 kPa 2o e R
|| << Stream >>
Stream Inlet Stage Stages
|| DC2Feed 6__Main = -4
<< Stream >> Preb Rehoiler Type
2792 kPa Kettle v
e Rehoiler Energy Stream
s DC2RebQ -

Stage Numbering

Delta P Bottams Liguid Outiet

0.0000 kPa DC2 Btm p=

Q) Top Down Bottom Up il

[ Edit Tra;is,.. J

Al Design \ Parameters J Side Ops J Rating JWnrksheet J Performance J Flowsheet J Reactions J Dynamics JCDS!

‘ Delete H Column Environment... H Run ]l Reset ‘_VUpdateOuilets | llgnared

If the Column Runner view is not open, click on the Column
Runner icon in the toolbar.
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Exploring the
Simulation

Challenge 1

After simulating your De-Methanizer, you have to use UniSim
Design to determine the UA for the De-Methanizer Reboiler.

Instead of changing the configuration of the column, you can
create an internal stream in the Column Flowsheet (on the
Flowsheet tab). This stream represents the liquid that flows from
the bottom tray to the reboiler, which can then be added to a heat
exchanger in the Main Flowsheet. Use steam to exchange heat with
the process stream.

Assume that you have 1000 kgmole/h of saturated 100 psi steam
available for the shell side and there is a 5 psi pressure drop on the
steam side. Your overhead Methane spec of 0.96 (mole) must still
be met.

Remember, you will need to add water to your component list.



NGL Fractionation Train 4.23

Challenge 2

For the valve VLV-100 between the De-Ethanizer and the De-
Propanizer, the manufacturer provides you with some data about
the geometry/size of this valve. Your colleague analyzes this
information and comes back with the following data for the valve.

Valve VLV-100 ‘ ‘

Valve Manufacturer ANSI/ISA75.01
Conductance (Cv) 16 USGPM
Characteristic Linear

The plant operator adds that when the column operates at steady
state, valve VLV-100 is opened 30% and the pressure of the inlet
stream DC3 Feed should stay within the range of 1600 kPa and
1800 kPa.

Use the information received from your colleague and the P-F
Relation specification instead of the Delta P specification for valve
VLV-100. Check that the valve stays within the pressure range for
stream DC3 Feed when operating at steady state.

4.23
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5. Oil
Characterization
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Workshop

The oil characterization function in UniSim Design converts
laboratory analyses of condensates, crude oils, petroleum cuts and
coal-tar liquids into a series of discrete hypothetical components.
These petroleum hypocomponents provide the basis for the
property package to predict the remaining thermodynamic and
transport properties necessary for fluid modeling.

UniSim Design produces a complete set of physical and critical
properties for the petroleum hypocomponents with a minimal
amount of information. However, the more information you supply
about the fluid, the more accurate these properties will be, and the
better UniSim Design will predict the fluid's actual behavior.

In this example, the Oil Characterization option in UniSim Design is
used to model a reservoir fluid. The fluid is a combined gas and oil
stream.

Learning Objectives

Once you have completed this section, you will be able to:

e Understand oil characterization
e Enter Oil data into UniSim Design and characterize an oil

Prerequisites

Before beginning this module you need to understand the basics of
the Fluid Package (refer to the Getting Started module).

5.3
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Oil Characterization

Oil Characterization

The Oil Characterization environment provides a location where the
characteristics of a petroleum fluid (condensates, crude oils,
petroleum cuts, and coal-tar liquids) can be represented by using
discrete hypothetical components. Physical, critical, transport, and
thermodynamic properties are predicted for each hypocomponent
using selected correlations. The fully defined hypocomponent can
then be installed in a stream and used in any flowsheet.

The petroleum characterization in UniSim Design accepts different
types of information about the oil. The more information you can
supply about your sample, the more accurate the representation.

The minimum amount of information that UniSim Design requires
to characterize an oil is:

e a laboratory distillation curve
or

¢ two of the following bulk properties:
Molecular Weight, Density, or Watson K Factor

Figure 1 illustrates the make-up of a typical oil:

* Molecular Weight
. _ * Mass Density
B e * Watson (UOP) K
Bulk * Viscosity
) Properties
g
I « TEP
OIL _ L + ASTM D86
(blend) ~ an > - ™ « ASTM D1160
Aégéy 2 Cr . * ASTM D86-D1160
Boiling Point * ASTM D28B87
Curve * EFV
+ Chromatograph
= e
= . * Molecular Weight
Assay 3 L ——————— * Mass Density
) * Viscosity
Property Curves
Dependent/
Independent

An Qil or Blend is comprised of any number of Assays. Each
individual assay contains specific information with respect to the
Bulk Properties, Boiling Point Curve and Property Curves.



Oil Characterization 5.5

There are three general steps to follow when creating an oil in
UniSim Design:

1. Characterize the assay
2. Generate hypocomponents
3. Install the oil in the flowsheet

Characterize the Assay

UniSim Design defines the hypocomponents by using assay data
which you provide. The assay contains all of the petroleum
laboratory data, boiling point curves, light ends, property curves
and bulk properties. UniSim Design uses the supplied assay data to
generate internal TBP, molecular weight and density and viscosity
curves (referred to as Working Curves). Just as with fluid
packages, assays can be imported and exported to be used in
different cases.

The procedure UniSim Design uses to convert assay data into a
series of petroleum hypocomponents involves four major internal
characterization steps:

e Based on input data, UniSim Design calculates a detailed set
of full range Working Curves that include the True Boiling
Point (TBP) Temperature, Molecular Weight, Density and
Viscosity behavior.

e Next, by using either a default or user-supplied set of
cutpoint temperatures, the corresponding fraction for each
hypocomponent is determined from the TBP working curve.

e The Normal Boiling Point (NBP), Molecular Weight, Density
and Viscosity of each hypocomponent are graphically
determined from the working curves.

e For each hypocomponent, UniSim Design calculates the
remaining critical and physical properties from designated
correlations, based upon the component's NBP, Molecular
Weight and Density.

Knowledge of the four phases of the characterization process
provides a better understanding of how the input data
influences the final outcome of the characterization.
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For all the distillation
curves, you are
required to enter at
least five data points.

During calculations,
UniSim Design
automatically converts
all curves to TBP basis.

5.6

Oil Characterization

Assay Types

Accurate volatility characteristics are vital when representing a
petroleum fluid in your process simulation. For all Distillation
Curves, you are required to enter at least 5 data points. UniSim
Design accepts the following standard laboratory analytical assay
procedures:

True Boiling Point (TBP). Performed using a multi-stage
batch fractionation apparatus operated at relatively high

reflux ratios (15-100 theoretical stages with reflux ratios of
5:1 or greater). TBP distillations conducted at atmospheric
or vacuum conditions are accepted by the characterization.

ASTM D86. Distillation employing batch fractionation but
conducted using non-refluxed Engler flasks. Generally used
for light to medium petroleum fluids. UniSim Design can
correct for barometric pressure or cracking effects. You
must provide the data on a liquid volume basis.

ASTM D1160. Distillation employing batch fractionation but
conducted using non-refluxed Engler flasks. Generally used
for heavier petroleum fluids. Curves can be given at
atmospheric pressure or corrected for vacuum conditions.
You must provide the data on a liquid volume basis.

ASTM D86_D1160. This is a combination of the
D86/D1160 distillation data types. You can correct for
thermal cracking and enable vacuum distillation for sub-
atmospheric conditions. You must provide data on a liquid
volume basis.

ASTM D2887. Simulated distillation analysis from
chromatographic data. Reported only on a weight percent
basis at atmospheric conditions.

Equilibrium Flash Vapourization (EFV). Involves a
series of experiments at constant atmospheric pressure,
where the total vapour is in equilibrium with the
unvapourized liquid. You must provide data on a liquid
volume basis.

Chromatographic Analysis. A gas chromatograph analysis
of a small sample of completely vapourized oil, analyzed for
paraffin, aromatic, and naphthenic hydrocarbon groups
ranging from C6 to C30. Chromatographic analyses may be
entered on a mole, mass or liquid volume basis.

The characterization procedure performs its calculations based on
an internally calculated TBP curve. If an ASTM or EFV distillation
curve is supplied, it is converted to a TBP. If no distillation data is
supplied, an average TBP distillation curve is generated, based on
the overall MW, density, and Watson (UOP) K factor of the fluid.
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By pressing the Light
Ends Handling & Bulk
Fitting Options button
on the Input Data tab
of the Assay, UniSim
Design allows the user
to specify whether the
entered distillation
curve includes light
ends or not.

Light Ends

Light Ends are defined as pure components with low boiling points.
Most notably components in the boiling range of C2 to n-C5.
UniSim Design uses your Light Ends data to either define, or
replace the low boiling portion of your TBP, ASTM D86, or ASTM
D1160 curve with discrete pure components.

UniSim Design provides three options to account for Light Ends:

e Ignore. UniSim Design characterizes the Light Ends portion
of your sample as hypocomponents. This is the least
accurate method and as such, is not recommended.

e Auto Calculate. Select this when you do not have a
separate Light Ends analysis but you want the low boiling
portion of your assay represented by pure components.
UniSim Design will only use the pure components you have
selected in the fluid package.

¢ Input Composition. Select this when you have a separate
Light Ends assay and your petroleum assay was prepared
with the Light Ends in the sample. UniSim Design provides a
form listing the pure components you selected in the fluid
package. This is the most accurate representation method.

Bulk Properties

Bulk Properties for the sample may also be supplied. The bulk
properties are optional if a distillation curve or chromatograph have
been supplied.

e Molecular Weight. This is the Molecular Weight of the bulk
sample. It must be greater than 16.

¢ Mass Density. The mass density must be between 250 and
2000 kg/m3. The units for density can be mass density, API
or specific gravity, chosen from the drop-down unit list.

¢ Watson (UOP) K Factor. This must be between 8 and 15.
The Watson K Factor is an approximate index of
paraffinicity, K = ((Mean Avg BP)*(1/3)) / (sp gr 60F/60F).

o Bulk Viscosities. Given at two reference temperatures,
typically 37.78°C and 98.89°C (100°F and 210°F).

Physical Property Curves

UniSim Design accepts different types of physical property curves:

e Molecular Weight curve

5.7
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e Density curve
e Viscosity curve

Physical property analyses are normally reported from the
laboratory using one of the following two conventions:

¢ Dependent Assay Basis. A common set of assay fractions
is used for both the distillation curve and the physical
property curve.

¢ Independent Assay Basis. A common set of assay
fractions is not used for both the distillation curve and the
physical property curve.

If property curve data is not supplied, UniSim Design generates
internal curves, calculated/estimated by using correlations
designed to model a wide variety of oils.

Property Correlations

UniSim Design allows you to choose from a wide variety of
correlations (estimation methods) to determine the properties of
the generated hypocomponents. The Correlation tab of the Oil
Characterization Manager allows you to manage the correlations in
your case. From this tab you can easily add new correlation sets
and modify existing correlation sets.

The Default Set of correlations is as follows:
The Default Set of

correlations cannot be Property... “ Default Correlation...

modified. To specify N
different correlations or MW (Molecular Weight) Twu
temperature ranges a SG (Specific Gravity) Constant Watson K
new correlation set
must be created. Tc (Critical Temperature) Lee-Kesler
Pc (Critical Pressure) Lee-Kesler
Acentric Factor Lee-Kesler
Ideal Enthalpy Lee-Kesler

In the correlation set window, correlation changes are specified by
using the drop-down list in any, or all of the property columns:
MW, SG, Tc, Pc, Acc. Factor, and Ideal H.
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Changes to the assay
correlations have no
effect when a property
curve is supplied (i.e.
MW curve). Changes
only apply when
UniSim Design is
estimating the
properties.

Cutting and Blending is
always a balance of
computation speed
(less components)
against precision (more
components).

The Low and High End Temperature cells are the range the
selected correlation set is applied to. A property correlation can be
changed over an entire range, or a particular correlation can be
made valid for a particular boiling point range only by splitting the
range. If a range is split, then more than one temperature range
will be displayed. As many temperature splits as desired may be
added to a correlation set. Temperature splits can be modified any
time by simply clicking in the appropriate cell and specifying a new
value. Temperature splits may also be removed by merging
temperature ranges.

Changes to the Molecular Weight or Specific Gravity correlations
are applied to the assay curve, while the Critical Temperature,
Critical Pressure, Acentric Factor and Heat Capacity correlations are
applied to the hypocomponent properties of the blend.

Any changes to the correlations for an input assay will result in first
the assay being recalculated, followed by any blend that uses that
assay. For an existing oil, it will be automatically recalculated/re-
cut using the new correlations, and the new components will be
installed in the flowsheet.

Hypocomponent
Generation/Oil Blending

The Cut/Blend characterization in UniSim Design splits the internal
working curves for one or more assays into hypocomponents. The
Cut/Blend tab of the Oil Characterization view provides two
functions, cutting the oil into hypocomponents and blending two or
more Assays into one set of hypocomponents.

5.9
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When different crudes
are from very different
sources, it is a good
idea to blend them
separately (create two
different blends), and
mix them in the
Simulation Environment
instead of from within
the Oil Manager.

The reason is that the
Oil Manager in

UniSim Design must
generate a set of
common hypo
components that
predict the properties of
both source oils, which
is not necessarily a
reasonable expectation
for very different
crudes.

5.10

Oil Characterization

Cut Ranges

You have three choices for the Cut Option Selection:

e Auto Cut - UniSim Design cuts the assay based on internal
values.

| Cuts...
28 (4 per 37.78°C or 100°F)

Range...
37.78 — 425°C (100 - 800 °F)

425 - 650°C (800 - 1200°F) 8 (2 per 37.78°C or 100°F)

650 - 870°C (1200 - 1600°F) 4 (1 per 37.78°C or 100°F)

e User Points - You specify the number of hypocomponents
required. UniSim Design proportions the cuts according to
an internal weighting scheme.

Range...
IBP - 425°C (IBP - 800°F)

| Cuts...
4 per 37.78°C or 100°F

425 - 650°C (800 - 1200°F)

2 per 37.78°C or 100°F

650 - FBP (1200 - FBP)

1 per 37.78°C or 100°F

¢ User Ranges - You specify the boiling ranges and the
number of cuts per range.

Installing the Oil in the
Flowsheet

The final step of the characterization is to transfer the
hypocomponent information into the flowsheet.



Oil Characterization 5.11

A

Enter Basis
Environment icon

Oil Environment icon

Building the Simulation

Before you start the characterization process, you must:

e Select a property package

¢ Add any non-oil components, specifically the light ends that
are used in the characterization process

Defining the Simulation
Basis

For this module, you will be building on the case that you saved at
the end of the Getting Started Module.

1. Open the case that you saved at the end of the Getting Started
Module.

2. Click the Enter Basis Environment button to return to the
Basis environment.

3. Go to the Oil Manager tab and click the Enter Oil
Environment button. You can also press the Oil Environment
button on the tool bar. The oil characterization view appears.

<&] ol Characterization EI@
Available Assayvs Assay Information
d iew...
Add..
Delete
Clone
Import
Expart
‘ Qil Input Preferences...

tAssay| Cut{Blend J User Property J Correlation J Install Oil J

Clear All | ‘ Calculate All | | Qil Output Setlings. . | | Return to Basis Environment
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Adding Assay Data

On the Oil Characterizations view:

1. Select the Assay tab.

2. Click the Add button.

3. The Input Data tab of the Assay view appears.

4. In the Name cell, change the assay name to Res-Assay.

5. In the Bulk Properties cell, use the drop-down list to select
Used.

6. From the Assay Data Type drop-down list, select TBP.

7. Once the correct type is chosen, additional options should
appear. In the Light Ends cell; use the drop-down list to select
Input Composition. The other cells will not be used in this
example.

8. Select the Light Ends radio button in the Input Data group.

9. Specify the Light Ends Basis as Mole %. Note that the

default basis for Light Ends is Liquid Volume %; this must be
changed before the data is entered.

10. Enter the following data.

For this component...

Enter this Mole %...

Nitrogen 0.48
H2S 0.00
C02 0.87
Methane 41.83
Ethane 8.87
Propane 7.11
i-Butane 1.47
n-Butane 3.75
i-Pentane 1.25
n-Pentane 1.63
n-Hexane 0.00
H20 0.00

11. Select the Distillation radio button. Change the assay basis

from Mole to Liquid Volume.

12.Click on the Edit Assay button to enter the curve as shown

below, in either °C or °F, then click OK.
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2 &
31 Assay Input Table =5 31 Assay Input Table [
Assay Input Data: Assay Input Data:
Assay Percent Temperature Assay Percent Temperature
[%] [C] [%]
0.0000 54.00 ] 0.0000 1292
25.00 162.0 25.00 3236
50.00 287.0 50.00 5486
75.00 385.0 75.00 725.0
100.0 495.0 100.0 9230
<empty> <empty> <empty> <empty>
Num of Points to Add |1 Add Data Points ‘ Num of Points to Add |1 Add Data Points ‘
Allinput curves except distillation are on midpoint Allinput curves except distillation are on midpoint
hasis. Dependent curves will be shifted to middle. basis. Dependent curves will be shifted to middle.
Cancel ‘ ‘ OK | ‘ Cancel J l OK. |

13. Select the Bulk Props radio button to enter the following bulk
property data:

e The Molecular Weight is 79.6
e The Standard Density is 0.6659 SG_60/60api

14.Click on the Light Ends Handling & Bulk Fitting Options
button, and un-check the option for Curve Incl L.E. for the
distillation curve. This is required because the curve data
(assay input data) supplied in Figure 3 does not include the
light ends components.

15.0nce you have entered all of the data, click the Calculate
button. The assay status should change to Assay was
Calculated.

Once the assay is calculated, results are displayed on the Working
Curves tab. The working curves are regressed from the entered
data. The calculation of the blend will be based on these curves.

16. Close the Assay window to return the Oil Characterization
view. You should still be on the Assay tab of the view.

Cutting the Assay

Once the Assay has been calculated, you can cut the Assay into
individual hypocomponents.

1. Move to the Cut/Blend tab of the Oil Characterization view.
Click the Add button to create a new Blend.

2. In the Name cell, change the name from the default, Blend-1 to
Res-Fluid.
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3. From the list of Available Assays (there should only be one),

select Res-Assay and click the Add--> button. This adds the
Assay to the Oil Flow Information table on the Data tab, and
a blend (cut) will automatically be calculated. The Blend is
calculated using the default cut option, Auto Cut.

Instead of using the default Auto Cut option, change the Cut
Option selection to User Points and change the Number of
Cuts to 5.

The results can be viewed on the Tables tab of the Blend view.

3§ Blend: Res-Fluid =5 Eol =<
Component Physical Properties
NBP Density Viscosityl Viscosity2
Comp Name Q Mole Wi [kg/m3] [cP] [cP]
Table Control NBP_94 94.30 93.71 727.0 0.34186 0.20514
@ Main Properties NBP_186 185.8 1445 7813 0.77111 0.39830
Other Properties NBP_277 2774 216.8 8305 2.3314 0.86502

NBP_364 3641 308.0 8734 91745 2.0839

2l NBP_446 445.7 409.8 909.9 52.885 5.7127

Res-Fluid ¥

Alias:

[ Dokt ] Neme Resfuc
.

Data | Correlations Tables | Property Plot J Distribution PlolJ Composite Plot I Plot Summary JNDtesJ

What are the two lowest boiling points for the hypocomponents?

Installing the Oil in the
Flowsheet

The final step of the characterization is to transfer the
hypocomponent information into the flowsheet.

1.

Go to the Install Oil tab of the Oil Characterization view. The
blend, Res-Fluid appears in the Oil Install Information group.

In the Stream Name column, enter the name, GasWell 4, to
which the oil composition will be transferred. UniSim Design will
assign the composition of your calculated Oil and Light Ends
into this stream, completing the characterization process.
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3. Return to the Basis Environment by clicking the Return to
Basis Environment button.

When you return to the Basis Environment, the hypocomponents
that you have generated in the Oil Characterization are placed in
the current fluid package. Hypocomponents are named according
to the blend group to which they belong and their Normal Boiling
Point. For example, a component named NBP[0]94* was generated
by the first blend (sequentially numbered within square brackets)
in the case and has a boiling point of 94°C.

View the fluid package and examine the individual hypothetical
components which make up your oil.

Save your case!
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Analyzing the Results

Once you have calculated a blend, you can examine various
property and flow summaries for the generated hypocomponents
that represent a calculated oil.

In the Oil Environment, open the view for the blend, Res-Fluid.

Tables Tab

The Tables tab of the Blend contains various information,
representing the oil and the components. From the Table Type
drop-down, you can select different information to display.

Component Properties. When this is selected, choose
either Main Properties or Other Properties from the
Table Control.

¢ Main Properties. Provides the normal boiling point,
molecular weight, density, and viscosity information for
each component in the oil.

e Other Properties. Provides the critical temperature,
critical pressure, acentric factor, and Watson K factor for
each individual hypocomponent.

Component Breakdown. For the input light ends and each
hypocomponent, this provides individual liquid volume %,
cumulative liquid volume %, volume, mass, and mole flows.

Molar Compositions. Provides the molar fractions of each
light ends component and each hypocomponent in the oil.

Oil Properties. Choose the Basis (Mole, Mass, Liquid
Volume) and then the property you want to display.

o Distillation. Provides TBP, D86, D86 Corr, D1160 Vac,
and D1160 Atm curves for the oil.

¢ Other Properties. Provides critical temperature, critical
pressure, acentric factor, molecular weight, density, and
viscosity ranges for the oil.

e User Properties. Gives all user property curves for the
oil.

Oil Distributions. Provides tabular information of how your

assay would be distributed in a fractionation column. You

can use several kinds of standard fractionation cuts or user

defined cuts.
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Property Plot Tab

UniSim Design can plot various properties versus liquid volume,
mole, or mass percent distilled.

=4 Blend: Res-Fluid = o) @
Data Control ey = =
e = Distillation - Res-Fluid
500.
fo- ASTMOSS
400.0 - ’/
Basis: Liguid Yolume v - i
8 300.0-
=1 Distillation v BEs
roperty: % 200 ] /
TBP i s b
ASTM D86 | & 8 o =
DB6(Crack Reduced) | I £ -
ASTM D1160(Vac) i = 00 7
ASTM D1160(Atr) | & = P i
ASTM D2887 | ——
‘_ Clone and shelf this plo\ 72333.93-33 10.00 2000 3000 4000 50.00 €0.00 7000 80.00 90.00 1000
Liquid Volume Percent
Data | Conelations | Tables Property Plot | Distibution Plot | Composite Plot | Plot Summary | Notes |
[ Delste | Name: ResFlud I ————- 1 ) L ——")

On the Property Plot tab, from the Basis drop-down list, select
Mass, Mole, or Liquid Volume for the X-axis.

From the Property drop-down list, choose the property to be
plotted on the Y-axis.

¢ Distillation. You can plot one or more of the following: TBP,
D86, D86 (Crack Reduced), D1160 (Vac), D1160 (Atm), or

D2887.
By clicking on the ;
Clone and shelf this * Molecular Weight

plot button, the current e Density

plot is copied, renamed . .
and stored. Cloned » Viscosity

plots are accessed and e Critical Temperature
viewed from the Plot .
Summary tab. e Critical Pressure

o Acentric Factor
e User Properties

Distribution Plot Tab

The Distribution Plot helps in predicting column products.

The basis for the graphical comparison is made from the Basis
drop-down list of three options: Liquid Volume, Mole, and Mass.



The existing cut
temperatures can be
edited any time by
typing the desired value
in the Cut Input
Information table. If
changes are made to
the information in any
of the fractionation
cuts, the radio button
will automatically switch
to User Custom.

5.18
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The fractionation cut is selected using the radio buttons in the Cut
Input information group. There are four options:

Straight Run. The Straight Run cut displays the crude
column cuts: Off Gas, LSR Naphtha, Naphtha, Kerosene,
Light Diesel, Heavy Diesel, Atm Gas Oil and Residue.

Cycle Oil. The Cycle Oil cut displays the Cat Cracker cycle
oils: Off Gas, LC Naphtha, HC Naphtha, LCGO, ICGO, HCGO,
and Residue Oil.

Vacuum Oil. The Vacuum Oil cut displays the vacuum
column cuts: Off Gas, LVGO, HVGO, and five VAC Residue
ranges.

User Custom. The User Custom cut allows for the definition
of customized temperature ranges. If changes are made to
the information in any of the standard fractionation cuts,
the radio button will automatically switch to User Custom.

Composite Plot Tab

The Composite Plot tab allows you to visually check the match
between the input assay data and the calculated property curves.
Use Composite Curves to check the accuracy of the input assay
data against the hypocomponent properties. The choice for the
graphical comparison is made from the Property drop-down list.

TBP or ASTM Distillation Curve
Molecular Weight Curves

Mass Density Curves

Viscosity Curves

User Property Curve
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Answering Yes to this
message will place the
solver in Holding mode,
meaning no calculations
will be performed until
the solver is activated
via the green traffic
light.

Viewing the Stream in the
Simulation

1. Leave the Oil Environment to return to the Basis Environment.
2. Enter the Simulation Environment

3. If you see a message about HOLDING mode (Figure Figure 6),
answer No.

Figure 6 ‘

UniSim Design i

Do you wish to be left in HOLDING mode when entering the
Interactive Simulation Environment?

Yes ‘ l No ‘ \ Cancel

4. Move to the Workbook to view the stream that you created:
GasWell 4. You can view the stream composition on the
Composition page.

If you determine that some of the hypocomponents parameters
need to be recalculated, you can return to the Oil Environment at
any time to make changes.

Add the following parameters to the stream GasWell 4:
e Temperature = 35°C (95°F)
e Flow rate = 545 kgmole/h (1200 Ibmole/hr)
e Pressure = 4405 kPa (639 psia)

Save your case!
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Exploring the
Simulation

Exercise 1: Composite Plot

You have characterized the assay, specified two bulk properties
(Molecular Weight and Density); the hypocomponents have been
generated, the assay cut and after installing the oil in the flowsheet
(simulation environment), you decide to go back to the oil
environment to examine the various Blend plots generated,
particularly the Composite Plot.

The Composite Plot can be used to check the accuracy of the
calculated hypocomponent properties against the input assay data.

Upon examination of the Composite Plot you observe the calculated
hypocomponent data does not match the input assay data you
provided at all.

Why doesn’t the calculated hypocomponent data match the input
curve data supplied in Figure 3? Explain.
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One way to access
utilities is by pressing
the CTRL U hot key to
open the Available
Utilities view.

&

Exercise 2: BP Curves
Utility

The Boiling Point Curves Utility enables you to obtain the results of
a laboratory style analysis for selected simulation streams. This
utility is generally used in conjunction with characterized oils from
the Oil Manager. The BP Curves Utility calculates simulated
distillation data, including TBP, ASTM D86, D86 (Corr), D1160

(Vac), D1160 (Atm), and D2887, as well as critical property data
for each cut point and cold property.

The BP Curves Utility is useful for comparing whether there is a
good match between the calculated output data and the user
supplied input data. The object for the analysis can be a stream, a
phase on any stage of a tray section, or one of the phases in a
separator, condenser, or reboiler.

From the Simulation Environment, add a BP Curves Utility to
stream GasWell 4, and compare the results with the input curve
data previously provided in Figure 3.

Are the results from the BP Curves Utility a good match for the
input assay data supplied in Figure 3? Why?

Save your case!

5.21
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Challenge

Recall that the BP Curves Utility is useful for comparing whether
there is a good match between the calculated output data and the
user supplied input data.

In Exercise 2, it was observed that the calculated hypocomponent
property data did not match the input curve data (Figure 3) at all
because the input assay data did not include light ends, while the
calculated data did.

To allow a true comparison, generate a BP curve for stream
GasWell 4 which does not contain any light ends and compare the
results with the input assay data.

Using a Component Splitter to remove the light ends from the
stream will facilitate this exercise.

The Component Splitter is an operation that separates a material
feed stream into two component streams based on the parameters
and component split fractions that you supply.

Note: specifying product stream flash parameters (vapour fraction,
temperature and/or pressure), and an energy stream is not
required to obtain the resulting BP curve.

What are the calculated temperatures of the fluid without light
ends, at the 50% and 75% cut points?

How do the results of the BP Curves utility applied to a stream
without Light Ends compare to the input assay data supplied in
Figure 3?
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6. Two-Stage
Compression

© 2016 Honeywell - All rights reserved.
UniSim is a U.S. registered trademark of Honeywell International Inc
4526.06.R450.01
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Workshop

This example demonstrates a typical application of the recycle
operation. Feed gas enters the compressor station at 35°C (95°F)
and 1725 kPa (250 psia). The gas is to be delivered at 6900 kPa,
and it is to be compressed in two stages. Each stage consists of a
knockout drum, a compressor, and a cooler. Liquids from each
separator are recycled back to the previous stage, after the
pressure has been reduced. A pipe segment is added to the
process product stream, and overall material and energy balance
checks are performed using UniSim Design’s Simulation Balance
Tool.

Learning Objectives

Once you have completed this section, you will be able to:

e Use the recycle operation in UniSim Design
e Choose suitable tear locations for recycles
e Add and specify a pipe segment

e Use the Simulation Balance Tool

Prerequisites

Before beginning this module you need to know how to add
streams and operations.

6.3
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Building the Simulation

Defining the Simulation
Basis

1. Start a new case, set up a fluid package using the
Peng-Robinson EOS with the following components:

¢ Nitrogen e [-Butane
e (CO2 e n-Butane
e Methane e i-Pentane
e Ethane e n-Pentane
e Propane e n-Hexane

Starting the Simulation

2. Add a new Material stream with the following values:

Name To Compression
Temperature 35°C (95°F)
Pressure 1725 kPa (250 psia)
Molar Flow 5000 kgmole/h (11000 Ibmole/hr)
Component Mole Fraction
Nitrogen 0.0075

CO2 0.0147

Methane 0.5069

Ethane 0.1451

Propane 0.0725

i-Butane 0.0652

n-Butane 0.0578

i-Pentane 0.0515

n-Pentane 0.0431

n-Hexane 0.0357

6.5
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Build the Simulation
without the Recycle
Operations

3. Install a Mixer with the following values:

To — In this cell... | Enter...
Compression To LP

Mixer 1 Sep Connections
Miner 1 Name Mixer 1
Equalize Pressures | Yes | Inlet To Compression
Outlet To LP Sep
Parameters
Pressure Assignment | Equalize All

4. Add a Separator with the information shown below:

In this cell... | Enter...

Connections

Name LP Sep

Inlets To LP Sep

Vapour Outlet LP Sep Vap
LP Sep Liq Liquid Outlet LP Sep Liq

5. Add a Compressor with the following values:

P -—
LP Sep Stage 1 Out
v ntniscer. | e |
—

Stage 1 Connections
1Stage " Name Stage 1
Stage 1 Inlet LP Sep Vap
Product Pressure 3450 | kPa Outlet Stage 1 Out
Adiabatic Efficiency 75 Energy Stage 1 HP
Parameters
Adiabatic Efficiency | 75% (default)
Worksheet
Stage 1 Out, Pressure | 3450 kPa (500 psia)

6.6
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Stage 1 @

-
—
Stage 1 Out Cooler 1
Cut

Stage 1
Codler

Stage 1 Cooler
Product Temperature s000 | C
Pressure Drop 0.0000 |kPs

E:u:uler 1 —
Ot Tols Sep

Mizer
2

Mixer 2

Equalize Pressures |‘r‘es |

IS Sep

Ta IS Sep Sep

—
15 Sep
Ligy

6. Install a Cooler with the values listed in the following table:

Connections

Name Stage 1 Cooler
Inlet Stage 1 Out
Outlet Cooler 1 Out
Energy Stage 1 Q
Parameters

Pressure Drop | 0 kPa
Worksheet

Cooler 1 Out, Temperature | 50°C (125°F)

7. Add a Mixer operation to your case.

Connections

Name Mixer 2
Inlet Cooler 1 Out
Outlet To IS Sep
Parameters

Pressure Assignment | Equalize All

8. Install a Separator with the following information:

Connections

Name IS Sep
Inlet To IS Sep
Vapour Outlet IS Sep Vap
Liquid Outlet IS Sep Liq

(4
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9. Add a Valve with the following information.

o,
1= Sep LO Ot

Lig ';ETDDW” Connections
LetDavwen 1 Name LetDown 1
Product Pressure | 1725 | kPa Inlet IS Sep Liq
Outlet LD1 Out
Worksheet
LD1 Out, Pressure | 1725 kPa (250 psia)

10. Install a Compressor with the values shown below:

-
IS Sep Stage 2 Qut
Wap

St;;a S Hp Connections
gtage Name Stage 2
Stage 2 Inlet IS Sep Vap
Praduct Pressure BI00 | kPa Outlet Stage 2 Out
Adiabatic Efficiency 74 Energy Stage 2 HP
Parameters
Adiabatic Efficiency | 75% (default)
Worksheet
Stage 2 Out, Pressure | 6900 kPa (1000 psia)

11.Install a Cooler operation to the case.

—
— —
Stage 2 Out

Cooler 2

Stage  Out Connections
%onler Name Stage 2 Cooler
Stage 2 Cooler Inlet Stage 2 Out
e [ S0Te ] [owe
Energy Stage 2 Q
Parameters
Pressure Drop | 0 kPa
Worksheet
Cooler 2 Out, Temperature | 50°C (125°F)

6.8
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12.Add a Separator with the following values:

—
HF Sep
Vap

o HP Connections
835'”2 5er Name HP Sep
Inlet Cooler 2 Out
| Vapour Outlet HP Sep Vap
EiE Sep Liquid Outlet HP Sep Liq

13. Install a Valve with the following information:

— o
HF Sep LD2

Lin LetDiown Ot
2 Connections
LetDown 2 Name LetDown 2
Froduct Pressure | 3450 | kFa Inlet HP Sep Liq
Outlet LD2 Out
Worksheet
LD2 Out, Pressure 3450 kPa (500 psia)

The only operations missing at this point are the Recycles.

14. Save your case as 4526.06.TwoStageCompression.usc

Save your case!

6.9
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Recycles are sometimes
also known as ‘Tears'.

6.10

o

Recycle Icon

Two-Stage Compression

Installing the Recycles

The UniSim Designh Recycle logical operation is used to solve looped
systems where downstream material is mixed back in upstream in
the process.

UniSim Design employs a non-sequential solving method, which
allows information to be propagated both upstream and
downstream. This allows some looped systems to be solved
explicitly (particularly heat recycles, and refrigeration loops).
However for material recycles when downstream material is mixed
back in upstream, a Recycle operation is needed.

The Recycle operation allows UniSim Design to solve looped system
iteratively. A set of conditions are assumed and used to solve the
recycle loop. The assumed values are compared with the
calculated values and updated. This is repeated until the values
match within a specified tolerance. The Recycle operation allows
information to be transferred both forwards and backwards (i.e.
the assumed value to be in either the outlet or inlet stream),
although usually information is only transferred forwards (i.e.
assumed value in outlet). In this workshop the recycles will use
this mode of operation.

When the Recycle operation is first added, initial estimates need to
be provided for all the assumed values. Typically this is done by
allowing UniSim Design to solve before closing the recycle loop.
This is illustrated in the Workshop.

The following steps take place during the convergence process:

e UniSim Design uses the conditions of the assumed stream
(usually outlet) and solves the flowsheet up to the
calculated stream (usually inlet).

e UniSim Design then compares the values of the calculated
stream to those in the assumed stream.

e Based on the difference between the values, UniSim Design
modifies the values in the calculated stream and passes the
modified values to the assumed stream.

e The calculation process repeats until the values in the
calculated stream match those in the assumed stream
within specified tolerances.
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o

Recycle icon

Examine streams LD1 Out and LD2 Out. Can the values in these
streams be used as the guess for the Recycle outlet?

LD1 Out | LD2 Out

Temperature

Pressure

Flow

Is Composition Known?

Notice that both LetDown Valve outlets (also the Recycle Inlets)
are known. This will be a good starting point for the Assumed
stream (the guess of the Recycle).

15. Add the first Recycle by double-clicking on the Recycle icon in

the Object Palette.
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Connections Page

16. Supply the Name, Feed and Product information as shown:

d———’-<74——
Oout RCY-1

© Rev-1 = ol |

Connections Name Fluid Package

Connections RCy=1 Basis-1 v

Notes

o
[/ oum

RCY 1 Out v

Connections [ Parameters JWorksheel J Monitor J User Variables J

[ Delete 1 [ Continue ] { Recycle Assistant ] lgnored
Stop Before Execution Stop After Execution

Parameters Tab

¢ Rev = ol <=

P s Sensitivities Transfer Direction | Take Partial Steps
Wapour Fraction 10.00 Forwards
Variables Temperature 10.00 Forwards
Numerical Pressure 10.00 Forwards
Flow 10.00 Forwards
Enthalpy 10.00 Forwards
Composition 10.00 Forwards
Entropy 10.00 Forwards
Heat Flow 10.00 Forwards

| Use Component Sensitivities

il Connections Parameters l ‘Worksheet JMonitorJ User Variables J

{ Delete l Continue j [ Recycle Assistant ‘ | llgnored
(= T |
| Stop Before Execution Stop After Execution |

6.12
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The smaller the
tolerance value, the
tighter the tolerance.
Generally it is a good
idea to start with the
default tolerance until
you have a converged
solution and then
tighten the tolerance.

UniSim Design allows you to set the convergence criteria or
tolerance for each of the Recycle variables. In addition, the
direction of transfer of information can be set to Forwards or
Backwards, or Not Transferred. In general you will want to
leave the transfer as Forwards. In this example, leave everything
at the default.

Numerical Page

This page contains the numerical options for the Recycle, which
control how it is solved numerically.

Figure 3
© Rov [F=1 Fol )
Parameters Calculation Mode Properties Tolerance
Mode: Nested i
Vanabigs » PSD Properties U 0.0010
Numerical Acceleration: eostai
Dominant Eigenvalue
Maximum lterations 1] 10
lteration Count 0
Flash Type PT Flash

‘Wegstein Parameters

Acceleration Frequency || 3

Q Maximum 0.00

Q Minimurn -20.00 =
Acceleration Delay 2 Adjust-Recycle Manager...

i Connections Parameters I ‘Worksheet J Monitor J User Variables J

Delete J [ Continue ,‘ l Recycle Assistant ‘ Ignared
‘ Stop Before Execution ] Stop After Execution A‘

Monitor Tab

This page displays convergence information as the calculations are
performed. Any variable that changes between iterations is
displayed in this table. In order to view plots of variables as they
change during the calculation of the recycle, you must select the
variables to view on the Setup page.
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RCY 2 Cut ‘ LDz

RCY-2 Out

This can be done from
the Design tab,
Connections page of the
Mixers, or from the PFD
using attach mode.

6.14

Worksheet Tab

The Recycle Worksheet page displays the Inlet and Outlet stream
information. In this instance, notice that the Inlet and Outlet
streams have the same values. This is because before we installed
the Recycle, the Inlet stream was already calculated by UniSim
Design. When the Recycle was connected, the known Inlet
conditions were automatically passed to the Outlet stream to serve
as the starting guess.

17. Install the second Recycle with the following information:

Connections
Inlet LD2 Out
Outlet RCY 2 Out

The final step to solving the flowsheet is to connect the Recycle
Outlets as Inlets to Mixerl and Mixer2. Once this is done, the
flowsheet will begin solving.

18. Attach RCY 1 Out as a feed to Mixer 1.
19. Attach RCY 2 Out as a feed to Mixer 2.

Save your case!
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Analyzing the Results

Examine the convergence process for the Recycles.

Open the Recycle property view and look at the Monitor tab. How
many iterations did each Recycle need to converge?

()
Q Look at the Worksheet tab for each Recycle. How close are the
Inlet and Outlet stream variables?

Are the vapour fractions identical for the Inlet and Outlet?

RCY-1 RCY-2

Inlet Vf

Outlet Vf

In the next section you will use the Simulation Balance Tool to
examine the simulation results in more detail.
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Balance Tool \ &

Double-click on the Overall
Mass Balance Monitor on
the status bar.

6.16

Simulation Balance Tool

The Simulation Balance Tool allows the user to perform overall
mass and energy balance checks on their simulation. It can reveal
modeling errors even if the simulation appears to be fully
converged.

The Simulation Balance Tool can be used to:

e Check the mass and energy balances across the entire
model or constituent sub-flowsheets or unit operations

¢ Find hidden errors caused by, for example, convergence
failures, numerical tolerances or user input errors

Once run the Simulation Balance Tool also provides an Overall
Mass Balance Monitor to give a live indication of the status.

Accessing the Simulation Balance
Tool

There are two ways to access the Simulation Balance Tool:

e From the Tools menu, by selecting Simulation Balance
Tool
¢ From the Overall Mass Balance Monitor on the status bar

Setting the Simulation Balance
Tool Parameters

The Setup tab is used to set the Simulation Balance Tool
tolerances and configuration (Figure 4).
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Figure 4 ‘

{F Simulation Balance Tool o=@ @
Execution
Recalculate Flowsheet ‘

| Run the Simulation Balance Tool Always

Tolerance Settings

Absolute Check Relative Check

Mass Balance 9.000 kg/h 14 0.250 % ~

tole Balance 0.0900 kgmole/h ~ 2.50e-003 % I~

Energy Balance 9.000 kJ/h ~ 0.250 % V

Component Balance 0.09000 kgmole/h V 2.50e-003 % 1

Transitions Temp Balance 0.0100C 0.100 % Component Balance Option
Transitions VFrac Balance 0.0100 0.100 % All Components =

Options

¥|Include "Feed" and "Product" streams within Sub-Flowsheets in balancing of Sub-Flowsheets

| Include Non-physical Feed Streams (Multiple Stream Connections or Exported Column Streams)

tSetup Summary J Feeds/Products J Transitions J Adjust/Recycle JAIens

Run with Operations Exceeding Tolerances

Tolerance Settings

The Tolerance Settings are used to specify which balances to
perform and the checking tolerance used by the Simulation Balance
in the validation.

The Component Balance Option group is displayed only when
Component Balance is checked. This option allows component
balances to be performed either for all components or for just a
single component.

Configuration Options

The Simulation Balance Tool includes three configuration options
controlled by checkboxes:

1. Run the Simulation Balance Tool Always

When this option is checked, the Simulation Balance Tool
automatically runs following any change to the flowsheet. If not
checked, the Simulation Balance Tool will not recalculate
automatically.

6.17
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2. Include “Feed” and “Product” streams within Sub-
Flowsheets in balancing of Sub-Flowsheets

When this option is checked, any feed streams or product
streams inside sub-flowsheets which are not connected to
streams on the parent flowsheet are taken into consideration
when performing the balances for that sub-flowsheet.

3. Include Non-physical Feed Streams (Multiple Stream
Connections or Exported Column Streams)

When this option is checked non-physical streams, such as
multiple stream connections (single streams connected to
multiple unit operations) or exported column streams are
properly accounted for by counting each as a separate stream.

Recalculate Flowsheet

The Simulation Balance Tool also includes a command button
Recalculate Flowsheet. Clicking this button will force UniSim
Design to recalculate the entire flowsheet.

Preferences Options

The Simulation Balance Tool setup defaults can be defined in the
UniSim Design session Preferences on the Case Tools tab,
accessed via the Tools menu, by selecting Preferences (Figure
5).

Figure 5

2§ Session Preferences (UniSim Design R440.PRF) \ - LE\*@
Simulation Balance Tool Setup Parameters

Absolute Tolerance  Check  Relative Tolerance Check
Simulation Balance Tool Mass Balance 19 000 kg/h v [u 250 % v
CSM Selected Variables

Case Tools

Mole Balance [p-0300 kgmote/h p50=-003 %
CSM Revision Control

Energy Balance ]9 000 kJ7h [n 250 %

Component Balance [p-03000 kgmole/h p50e-003%

Transitions Temp Balance ]U 0100 C l] 0%

Transitions VFrac Balsnce 10100 [p10%

| Include "Feed" and "Product" streams within Sub-Flowsheets in balancing of Sub-Flowsheets
Run the Simulation Balance Tool Always
Include Non-physical Feed Streams {Multiple Stream Connections or Exported Column Streams)

Flowsheet Analyzer and Unit Op Balance

Remove Flowsheet Analyzer on recall Yes v
Remove Flowsheet Analyzer on Simulation Balance creation: Ask -
Balance Type
Q) Instantaneous Balance at Current Time Balance Between Two Times

Simulation J Variables ] Reports JFMes Resources ] Extensions J Qil Input ] Tray Sizing Case Tools

(
Save Preferences ‘ | Save Preferences As l | Save Preferences file by default Load Preferences.
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These preferences will apply when a Simulation Balance Tool is first
added to a simulation case.

Ticking the Run Simulation Balance Tool Always checkbox in the
preferences will cause the Simulation Balance Tool to be added to
all new cases that are created and also to any old cases that are
loaded. Itis recommended to make this setting.

Viewing and Understanding the
Simulation Balance Tool Results

Results from the Simulation Balance Tools are reported on five
tabs:

Summary Tab - General

The Summary Tab, General view displays all unit operations
where the specified balances exceed the specified tolerances:

Figure 6 ‘

i Simulation Balance Tool o=} \@

Balance Errar Summary

Q) General | Detailed GroupBy:  None & SortBy: Abs. Mass Eror v

MassEror | MessEror | MoleEror | MoleError | EnergyErmor | EnergyEmor | CompEmor | Comp Error

Sloweht T b [kt o [kgmole/] %) [ki/h] 1) [kgmole/i] Al SR
Main Recycle RCY-1 n-Hexane
Main Recycle RCY-2 1.791e-002 | 00188 | 46203e-002 [NNNNNNEN  n-Hexane
Setp_ Summary | Feeds/Products | Transitions | Adjust/Recycle | Aleris

Pun with Operations Exceeding Tolerances

The table gives the following information about the operations:

¢ Flowsheet - the unit operation's parent flowsheet
¢ Type - the UniSim Design object type of the unit operation

¢ Name - the unit operation name. You can double-click on
the name to bring up the property view of the unit operation
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e Mass Error - the mass balance error in both absolute and
relative values

¢ Mole Error - the molar balance error in both absolute and
relative values

e Energy Error - the heat balance error in both absolute and
relative values

e Comp Error - the component molar balance error in both
absolute and relative values

¢ Comp Name - the name of the component with the highest
component molar balance error

Cells shown with a red background indicate values which exceed
the specified tolerances. Blank cells means the balance error is
less than the specified tolerances.

The results can be grouped by Flowsheet and Type as well as
sorted based on the other columns. The grouping and sorting by
name is done in ascending order while the rest of the sorting is in
descending order.

In Figure 6 the Summary tab, General view shows a simulation
where there are two Recycle unit operations on the Main flowsheet
which have errors higher than the specified tolerances. RCY-1 has
absolute and relative mass, mole and energy balance errors. RCY-2
has relative mole and absolute energy balance errors.
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Summary Tab - Detailed

The Summary tab, Detailed view gives a unit by unit balance
summary in terms of both absolute and relative errors.

Figure 7 ‘
i Simulation Balance Tool o @ =
Balance Error Summary
General ©) Detailed
Flowsheet Operations
Case __ (Main] 1 Name Type Status =

Stage 2 Compressor oK
Stage 1 Cooler Cooler oK
Stage 2 Coaler Cooler oK

LetDown 1 Valve oK
LetDown 2 Valve oK
RCY- Recycle oK

RCvZ] Recycle oK 1=

[ [ Absalute Relative
Mass Balance | 2347 kg/h 003%

Mole Balance | 1.791e-002 kgmole/h

Energy Balance 0.02%

ComponentBalance | 48203e-002 kgmole/h [N | Detailed Comp Balance

Setup_Summary | Feeds/Products | Transitions | Adjust/Recycle | Alerts

Run with Operations Exceeding Tolerances

Select the unit operation of interest by selecting the Flowsheet
containing the unit operation and then clicking the unit operation
name under Operations.

Double-clicking on the unit operation name will bring up the
property view for that unit operation.

Figure 7 shows a simulation where a Recycle unit operation named
RCY-2 on the main flowsheet is selected. The detailed balance
shows the absolute energy balance error across this operation is
4893 kJ/h. Cells shown with a red background indicate values
which exceed the specified tolerances.

Feed/Products Tab

The Feeds/Products tab displays the overall mass and energy
flows of all the feed and product streams in the simulation, and the
overall balance errors.

The Overall Balance Errors are displayed using the following
color-coding:

e Green - the errors are within the specified tolerances
¢ Red - the errors exceed the specified tolerances

6.21
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Figure 8 ‘

i Simulation Balance Tool o e =
Feed Streams Overall Balance Errors
—— w - Mass Flow Mole Flow Heat Flow MessEror
i w0 | “han | pgmoonl g T
Main To Compression Material 1.6802+005 5000 | -5.208e+008
Vi Stage 1 HP Energy <empty> <empty> | 808704006 i —
Main Stage 2 HP Energy <empty> <empty> 8.9382+006 Mol Error
[Totel |~ 1.6800e+005 50000 | -5.0278e+008 _
Product Streams e Bl
Flowsheet Narme Type Tea/h] [komolet] |
Main P SepLig Material 6.8332+004 1116 | -1.730e+008 _
Main HP Sep Vap Material 9.9702+004 3885 | -3551e008 Componert Error
Main Stage1Q Energy <empty> <empty> 8.879e+006 _
Main Stage 20 Energy <empty> <empty> 1.6382+007

Comp Balance Summary.
[Total | 168032005 50004 | -5.0285e+008

" Sewp | Summary_ Feeds/Products | Transitons | Adiusy/Recycle | Alerts |

Run with Operations Exceeding Talerances

Figure 8 shows a simulation where there are overall mole and
component mole balance errors higher than the tolerance on both
an absolute and relative basis. The absolute mass balance and
absolute energy balance errors are also outside their defined
tolerances.

Transitions tab

The Transitions tab shows all Transition objects with balance
errors larger than the specified tolerances. Transition objects
include recycle unit operations, flowsheet boundaries and stream
cutters.
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Figure 9 ‘

i Simulation Balance Tool ol -E -
Flowsheettransitions exceeding specified tolerances Hide Ignored Normal ©) Transpose

Parent Sheet Main Main

Extemal Stream RCY'1 Out RCY 2 Out

SubFlowsheet Main Main

Intemal Stream LD1 Out LD2 Out

Unit Op RCY-1 RCY-2

Type Recycle Recycle

Transfer Basis None Reg'd None Req'd

Transition Status. Solved Solved

Mass Error [kg/h] 2347

Mass Eror [%] 2563e-002

Mole Error [kgmole/h] 1.791e-002

Mole Error [%]
Heat Error [kJ/h]

Heat Error [%] 0.0188
Temp Error [C] 3.425-003
Temp Error [%] 6.051e-002 8.905e-003
\FracError 2.875e-005 7.067e-005
\VFracEror [%] 1.884e-002 2.396e-002

Comp Error [kgmole/h]
Comp Error [%]
Comp Narme

Setup | Summary | Feeds/Products _ Transitions | Adjus/Recycle | Alerts

Run with Operations Exceeding Tolerances

The results can be displayed with the Transitions objects listed by
row (Normal) or by column (Transpose)

Figure 9 shows the Transitions tab from a simulation where there
are two Recycle unit operations in the Main flowsheet which have
errors higher than the specified tolerances.

Adjust/Recycle Tab

The Adjust/Recycle tab lists all Adjust and Recycle unit
operations in the simulation with their key parameters.
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Figure 1 ‘

i Simulation Balance Tool

Recycle Operations

o[

Flowshest Name Status Ignored|_Flow Sensitivity | Energy Sensitivity | Comp Sensitivity
Main RCY-1 oK O 10.00
Main RCY-2 oK r 10.00 10.00 10.00

Adjust Operations Recycles

Flowsheet Name Status ignored|_ Tolerance Group By: SortBy:

None. v Name -
Adjusts

Group By: SortBy:

None. v Name -

Setup | Summary | Feeds/Products | Transitions AdjusllREcyclElA\ens

Run with Operations Exceeding Tolerances

Figure 10 shows the Adjust/Recycle tab from a

two Recycle unit operations.

Alerts tab

The Alerts tab lists all unit operations in the simulation which have

warning or error status messages:

Figure 11

i Simulation Balance Tool

simulation with

List of operations with status Not OK. GroupBy:  Nene e SortBy:  Neme =
Flowsheet Type Name Status
Main Separator HP Sep Not Solved
Main Separator IS Sep Ignored
Main Valve LetDown 1 Unknown Delta P
Main Valve LetDown 2 Not Solved
Main Recydle RCY- Not Solved
Main Recydle RCY2 Not Solved
Main Comprassor Stage 2 Unknawn Duty
Main Coaler Stage 2 Cooler Unknown Duty

Setup | Summary | Feeds/Products

Transitions | Adjust/Recycle  Alerts

Run with Operations Exceeding Tolerances
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Figure 11 shows the Alerts tab from a simulation with eight alert
messages, two from separators, two from valves, two from recycle
unit operations, one from a compressor and one from a cooler.
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Overall Mass Balance
Monitor

The Overall Mass Balance Monitor provides a live check of the
Simulation Balance Tool status. It has four possible values:

e Balance Tool - indicating the Simulation Balance Tool has
not been run (Figure 12):

Figure 12 ‘

Balance Toal

¢ Balance Needs Re-running - indicating the Simulation
Balance Tool needs re-running following some change to the
flowsheet (Figure 13):

Figure 13

Balance Meeds Re-run
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e Mass Balanced - indicating the overall mass balance is
satisfied to within the tolerances specified by the user
(Figure 14):

Figure 14

tazz Balanced

¢ Mass Not Balanced - indicating the overall mass balance
is outside the tolerances specified by the user (Figure 15):

Figure 15

bazz HOT Balanced
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Workshop

The Simulation Balance Tool provides a mechanism to check for
material and energy balances within UniSim Design flowsheets as a
means to gain a rapid overview of all entities which could be the
source of a flowsheeting error even if a flowsheet has a status of
converged.

In this workshop you will use the Simulation Balance Tool to check
the results of the simulation you built at the beginning of this
module.

1. Open the case you saved at the end of the last section
(4526.06.TwoStageCompression.usc)

2. From the Tools menu, select Simulation Balance Tool

3. On the Setup tab, enable the mass, mole, energy and
component balances with the tolerances as shown in Figure 16:

Figure 16 ‘
it Simulation Balance Tool (=5 Hom =
Execution

Recalculate Flowsheet |
7] Run the Simulation Balance Tool Always e e

Tolerance Sefiings

Absolute Check Relative Check

Mass Balance 5000kg/h 0100% |

Mole Balance TO00kgmole/n] 0100% | R

Energy Balance 3600KJ/h | 0% | B

Component Balance 001000 kgmole/h | 250e003% | I

Transitions Temp Balance 0.0100C 0.100 % Component Balance Option

Transitions VFrac Balance 0.0100 0100% Al =
Options

¥|Include "Feed" and "Product” streams within Sub-Flowsheets in balancing of Sub-Flowsheets

7] Include Non-physical Feed Streams (Multiple Stream Connections or Exparted Calumn Strearms)

Setup | Summery | Feeds/Products | Transitions | Adjust/Recycle | Alerts |

Run with Operations Exceeding Talerances
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4. Investigate the results of the Simulation Balance Tool using the

Summary, Feeds/Products, Transitions, Adjust/Recycl
and Alerts tabs

e

Are there any unit operations with balance errors? Which ones?

Why do you think these unit operations have balance errors?

Can you think of a way to reduce the errors?

5. Go to the Adjust/Recycle tab

6. Change the Comp Sensitivity for all Recycle unit operations in

your model to 0.1

7. Investigate the results of the Simulation Balance Tool using the

Summary, Feeds/Products, Transitions, Adjust/Recycl
and Alerts tabs

e

Did reducing the sensitivity resolve the balance errors?

How did it achieve this?

Save your case!
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Pipe segments that
traverse undulating
terrain are subdivided
further into a number of
segments with elevation
points assigned at
locations where there is
a significant slope
change.

3

Pipe Segment icon

6.30

Pipe Segment

The pipe segment is used to simulate a wide variety of piping
situations ranging from single or multi-phase plant piping with
rigorous heat transfer estimation, to large capacity looped pipeline
problems. It offers the common pressure drop correlations
developed by Gregory, Aziz, and Mandhane, and Beggs and Brill. A
third option, OLGAS, is also available as a gradient method. In
addition there are a large number of speciality pressure drop
correlations available. Consult the On-line Help and the Manual for
more information on these methods. Four levels of complexity in
heat transfer estimation allow you to find a solution as rigorously
as required while allowing for quick generalized solutions to well-
known problems.

The pipe segment offers four calculation modes:

e Pressure Drop

e Length

e Flow

o Diameter
The appropriate mode will automatically be selected depending on
the information supplied. In order to solve the pipe, you must

supply enough information to completely define both the material
balance and the energy balance.

Adding a Pipe Segment

In this simulation, we will be using one individual pipe segment
operation in the gathering system. In addition, the Pipe operation
will contain multiple segments to represent the various elevation
rises and drops.

Schedule 40 steel pipe is used throughout and the pipe is buried at
a depth of 1 m (3 ft). All pipes are uninsulated.

1. Double-click on the Pipe Segment icon from the Object
Palette.

Design tab - Connections page

On the Connections page, the Inlet (Feed), Product, and Outlet
(Energy) stream connections are made.

2. Complete the Connections page as shown below:
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Additional licenses are
required to access the
OLGAS correlations.
These use 3™ party
correlations from SPT
Group.

Figure 17

PIPE-100 o -E- ]
Design Name: PIPE-100
Connections
Inlet Outlet
Parameters
HP Sep Vap v P1 Out v
Calculation
User Variables
. —‘EE:
Fluid Package Energy
Basis-1 v v

= Design l Rating JWorksheet J Perfarmance J Dynamics J Depasition JCost

: Delete i No Segment Added Ignored

Design tab - Parameters page

On this page, you can select the Pipe Flow Correlation which will
be used for two-phase (VL) flow calculations. The options are:

e Aziz, Govier & Fogarasi

¢ Baxendell & Thomas

e Beggs & Brill

e Duns & Ros

e Gregory, Aziz, Mandhane

e Hagedorn & Brown

¢ OLGAS2000_2P

e OLGAS2000_3P

e Orkiszewski

e Poettman & Carpenter

e Slurry Pipe Correlation

e Tulsa99

e UniSim, Liquid Slip

e UniSim, Homogeneous Flow
For single phase streams, the Darcy equation is used for pressure
drop predictions, regardless of the correlation selected on the
Parameters page. The Darcy equation is a modified form of the

mechanical energy equation, which takes into account losses due
to frictional effects as well as changes in potential energy.
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Horizontal pipe sections
have an Elevation of 0.
Positive elevation
indicates that the outlet
is higher than the inlet.

UniSim Design contains
a database for three
pipe schedules: 40, 80,
and 160.

6.32

3. In this example the flow through the pipe is single phase
vapour so the Darcy equation will be used, hence leave the
selected Pipe Flow Correlation as Beggs and Brill which is
the default. If required the pressure drop for the pipe can be
supplied on the Parameters page. In this example, it will be
left empty and calculated.

Rating tab - Sizing page

On the Sizing page, you construct the length-elevation profile for
the Pipe Segment. Each pipe section and fitting is labeled as a
segment. To fully define the pipe section segments, you must also
specify pipe schedule, diameter, material and # of increments.

PIPE-100 is broken into three segments.

4. Add the first segment to the pipe unit operation by clicking the
Append button. Specify the following information for the

segment:
In this cell... | Enter...
Fitting/Pipe Pipe
Length 1021 m (3350 ft)
Elevation Change 0 m (0 ft)

5. To specify the diameter, click the View button.
6. Select Schedule 40 as the Pipe Schedule.

7. From the Available Nominal Diameters group, select 203.2
mm (8 inch) diameter pipe and click the Specify button. The
Outer and Inner Diameter will be calculated by UniSim Design.

8. Use the default Pipe Material, Mild Steel and the default
Roughness, 4.572e-5 m (0.0018 inch). Close the window.

9. Two more segments are needed to complete the pipe branch.

In this cell...

Segment 2 3

Fitting/Pipe Pipe Pipe

Length 700 m (2297 ft) 600 m (1969 ft)

Elevation Change

-5 m (-16.40 ft)

12 m (39.37 ft)

Schedule

40

40

Nominal Diameter

203.2 mm (8 inch)

203.2 mm (8 inch)

When all three segments have been added and defined, the view
should look like this:
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Figure 18 ‘

= ppe-100 =)
Raling Length - Elevation Profile
. Segrment 1 z 3
Sizing Fitting/Fipe Fipe Pipe Pipe
Pipeline Profile Length/Mumber of Fittings 1021 700.0 £000
Hesat Transfer Elevation Change [m] 0.0000 -5.000 12.00
Outer Diameter [rmm] 21491 2191 2181
Inner Diameter [rrm] 2027 z202.7 2027
‘Wall Thickness [mm] 8174 8.174 G.174
haterial Mild Steel Iild Steel Iild Steel
Increments 5 5 5
__ Multiple Add
‘ Append | ‘ Insert ‘ I:l | Delete | ‘ Wi, | | Global...
Transpose Table
Design Rating ‘ “Worksheet J Ferformance J Cymamics J Deposition J Cost
poce | I [ /orored

The Pipe segment is able to solve immediately because it defaults
to having heat transfer switched off. (None is set as the Heat
Transfer Model).

Rating tab - Heat Transfer page

On this page, you select the method that UniSim Design will use
for the heat transfer calculations.

The Heat Transfer Model group, at the top of the view, contains
three radio buttons. Selecting one of the radio buttons displays one
of the three ways of defining heat transfer:

¢ None (No heat transfer through the pipe wall, considered as an
adiabatic pipe)

e Simple (See the details below, this is what this course uses)

¢ Detailed (The Detailed model allows you to build different wall
types and attach them to different segments. Refer to the
Operations Guide, section 5.2.3, for more details.)

The following are the valid Heat Transfer combinations for the
Simple model to solve:

1. Specified Heat Loss value. Enter a Heat Loss value in the Overall
Heat Transfer group. No ambient temperature/HTC values should
be specified and no options checked on the Estimate HTC page.
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2. Overall ambient temperature and HTC. Select the Overall HTC
radio button and specify the Overall Ambient Temp and Overall
HTC values. No heat loss should be specified and no options
checked on the Estimate HTC page.

3. Segment ambient temperatures and HTC. Select the Segment
HTC radio button and specify Amb. Temp. and HTC for each
segment. No heat loss should be specified and no options checked
on the Estimate HTC page.

4. Estimated HTC. Instead of specifying the HTC (per options 2 and
3 above), they can be estimated by checking one or more options
on the Estimate HTC page. When estimating HTC, no HTC values
should be specified directly; they will be calculated by UniSim
Design.

Overall Heat Transfer

If the overall heat duty of the pipe is specified, the heat loss is
divided equally between each increment. It is also possible to omit
any heat transfer specifications and instead specify both the inlet
and outlet temperatures. UniSim Design will assume a linear
temperature profile and the overall heat duty will be calculated.

For the pipe in this simulation, we will use the Simple Heat
Transfer Model, Segment HTC and Estimate HTC method.

10. On the Rating tab, click on the Heat Transfer page.
11. Select the Simple Heat Transfer Model.

12. Select the Segment HTC radio button, and enter an Ambient
Temperature of 5°C (40°F) for the first segment.

13. Click on the Estimate HTC button, and complete the window
that appears as follows:
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Figure 19

& pIpE-100 o @R

Rating Heat Transfer Model

None (@ Simple Detailed Note: Heat loss is not calculated for fitings or swages
Sizing
Simple Model Heat Transfer Info

Calculate  (0) Overall HTC @) Segment HTC Estimate HTC HTC Calculation

Q@ Basedon 0.0

Pipeline Profile

Heat Transfer

s = Amb. Temp HTC
egment ype el [kd/hm2-C) Based on LD
1 Pipe 5,000 1.925
2 Pipe || 5.000 1.925 Amb Temp Setby
3 Pipe 5.000 1.925
@User () Gradient
[ RetElevys Amb T
Qverall Heat Transfer
[HeatLoss [ 1.3091e+005 k7h

Design_Rating [ Worksheet | Performance | Dynamics | Deposition | Cost

Deice | o

| =8 HTC Estimation: PIPE-100 o|lE@ =

Heat Transfer Coefficient Estimation

Outer HTC Info
Ambient Medium Ground

I V] Include Outside Cand/Convection
Ground Type | Dry Peat

Ground Conductivity 0.17000 W/m-K

Buried Depth 1.0000m
Insulation HTCInfo
Insulation Type | Urethane Foam Include Insulation
Thermal Conductivity | 0.01800 W/m-K
Thickness | 0.01000 m
Pipe HTC Info
Segment [ 1 V] Include Pipe Wall
Pipe Material | Mild Steel
Thermal Conductivity | 45.00 W/m-K
Thickness | 8179 mm
Inner HTC Info
[Correlation [ Legacy ProFES 7l Include Inside Film Convection

What is the outlet pressure of PIPE-100?
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Two-Stage Compression

Pipe Segment Summary

The Pipeline Profile page on the Rating tab provides a summary
table for the segments which make up the Pipe Segment as X,Y
coordinates. The distances, length/number of fitting, elevation
change, cumulative length and cumulative elevation are displayed
for each segment.

Figure 20

PIPE-100 = Eos =X~
Pipeline Origin Pipeline Editing Mode

Elevation 0.0000 Distance  0.0000 @ Length/Elevation. (0)X/Y | %Y Plot J

Sizing L

Rating

Pipeline Profile

Saament XStart YStart XEnd YEnd Length/No. Fitting Elev. Change Cumulative Length Cumulative Elev.
St m |

Heat Transfer

[m t m ] ) i) ]

1 0.0000 0.0000 1021 0.0000 1021 0.0000 1021 0.0000
2 1021 0.0000 1721 -5.000 7000 -5.000 1721 -5.000
3 1721 -5.000 2321 7.000 600.0 12.00 2321 7.000

Design_Rating | Worksheet | Performance | Dynamics | Deposition | Cost

Deie | | | | o-oro:

| pineline View - PIPE-100 o [B][=]

Pipeline Network

8,000

6000

4

%

o

-2.000

Pipeline Y Direction (m)

-4.000

0.0000 500.0 1000 1500 2000 2500

Pipeline X Direction (m)

The Profiles page on the Performance tab provides a summary
table for the segments which make up the Pipe Segment. The
distance, elevation and number of increments are displayed for
each segment.

By clicking the View Profile button, you access the Pipe Profile
view, which consists of a Table tab and a Plot tab. The Table tab
shows the following information for each increment along the Pipe
Segment:

e Length

e Elevation

e Pressure

e Temperature

e Heat Transferred

e Flow Regime
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e Liquid Holdup
e Friction Gradient
e Static Gradient
e Accel Gradient
e Bulk Liquid and Vapor Reynolds Number
e Bulk Liquid and Vapor Velocity
The Plot tab graphically displays the profile data that is listed on

the Table tab. The parameters plotted are selected by radio
buttons.

Open the property view for PIPE-100 and examine the Table and
Plots on the Profiles page of the Performance tab.

Figure 21
&2 pipe Profile View - PIPE-100 = o

Length Elevation Angle Pressure Total Pressure Drop|  Temperature -
[rm] [m] [deg] [kPa] [kPa] [c] =

0.0000 | 0.0000 0.0000 6300 0.0000 50.00

2042 0.0000 0.0000 6800 100.2 49.58

408.4 0.0000 0.0000 6701 198.7 49.17

6126 0.0000 0.0000 6613 2865 48.79

816.8 0.0000 0.0000 6524 3758 48.41

1021 0.0000 0.0000 6434 466.5 48.01

1161 -1.000 -0.4093 6371 528.9 47.74

1301 -2.000 -0.4093 6308 582.0 47.46

1441 -3.000 -0.4093 6244 655.8 47.18

1581 -4.000 -0.4093 6180 7205 46.90

1721 -5.000 -0.4093 6114 785.9 46.60

1841 -2.600 1.146 6071 828.9 46.40
1961 -0.2000 1.146 6029 870.8 46.20 | _

anoA 2000 1448 cnoz n129 AR nn

< [ )

" Table | Plot
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Figure 22

&% pine Profile View - PIPE-100 = EoE

@b Elevation Profile

8.000

) Temperature
Pressure ]
Total Press Drop 8 0ol 7
Ambient Temp }.ﬁ
Yapour Fraction 4.000
Heat Trans
Gradients
Ligg Holdup
Lig Re
Yap Re
Lig Velocity -2.000 /
Vap Velocity | ;
Deposit Thickness -4.000 N d/
Deposit Volume N
Liguid Density
Vapour Density

Liquid Viscosity Profile (m)
Wapour Viscosity

Table Plot

2.000 il

0.0000 g

Elevation (m)

-6.000
0.0000 500.0 1000 1500 2000 2500

Save your case!
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A very poor choice of a
tear stream is a stream
with an Adjust
operation controlling
one of its variables.

Advanced Modeling

Because the Recycle operation is a mathematical representation of
a physical process, its location in a simulation is a particularly
important one. The location of the tear stream can often
determine success or failure to converge a recycle.

Positioning the Recycle
Operations for Optimum
Performance

When a user is deciding on a tear (Recycle) location, the first
choice is often in the actual recycling stream. This is an acceptable
choice if only one Recycle operation is being used. However, if
more than one block is being used a better location may reduce the
calculation time needed to solve the simulation.

Careful choice of recycle position can also reduce the number of
Recycle operations that are required. This will reduce the solution
time and reduce the number of points at which an error can be
introduced if the tolerance is too large.

Try to locate Recycles:

To define multiple streams (i.e. before Tees, after Mixers). See
Answers to the four subsequent Recycle Positioning Exercises are
provided at the end of the module in the Answer Key section.

e Exercise 1. This means fewer recycle operations are
needed.

e In streams with fixed conditions (i.e. cooler and heater
outlets). This means fewer variables need to be iterated on.

e To avoid conflicts with Adjust operations.
e In major flow streams. These are likely to be more stable.

6.39
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Recycle Positioning
Exercises

Answers to the four subsequent Recycle Positioning Exercises are
provided at the end of the module in the Answer Key section.

Exercise 1

Examine the following PFD. This flowsheet has three physical
recycles and three UniSim Design Recycle operations.

What is the minimum number of recycle operations that are
needed?

l’)
& Where should the recycle operation(s) be positioned?

Figure 23 - Exercise 1
ym ®

RCY-2

Feed Product

MIX-100 Plant 1 plat Plant

RCY-3
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Exercise 2

Assume the condenser outlet stream is fully defined (except flow
rate), the chiller duty and outlet conditions are known, the
pressure drops across the condenser and chiller are known, and
the stage 1 compressor outlet pressure is known.

This flowsheet is the refrigeration loop with economizer from the
Challenge at the end of Module 2 of the UniSim Design 4526
course.

How many recycles are needed in this flowsheet, where should
they be placed, and why?

Figure 24 - Exercise 2

5
4

Mixer SPROSHT-1
53 —
Cond-Q
tage 9
w100 1 Stage Condenser
2 Caomp 1 —
HF Comp Stage 2
|3 251398 Comp HP
A— Camp
D q E:, Chill-21
] 7
WLV-100 Chiller
1
JT
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Two-Stage Compression

Exercise 3

Assume that the feed stream (To Refrig) is fully defined, all
pressure drops are known for the exchanger and the chiller as well
as the LTS separator feed temperature.

This flowsheet is the refrigerated gas plant from Module 3 of the
UniSim Design 4526 course.

How many recycles are needed in this flowsheet, where should
they be placed, and why?

Figure 25 - Exercise 3

LTS

Gas to
Sep Vap Chiller Chiller

To LTS
Refrig

Inlet
Sep Lig




Two-Stage Compression

Exercise 4

6.43

Assume the Feed is completely defined. Also known are the shell
and tube side pressure drops for E-100 and E-101, and the

temperatures of streams 3 and 4.

This flowsheet is really an extension of the PFD in Exercise 3. A
column and overall material recycle have been appended to the

gas plant flowsheet.

Note that columns MUST have a fully specified feed stream to
solve. (The only exception is that from UniSim Design R380.1
onwards pressure can be propagated backwards from the column

to the feed stream).

How many recycles are needed in this flowsheet, where should

they be placed, and why?

Figure 26 - Exercise 4

2-1m ﬁ

K100

1

Feed
=20 oo l E101

W10

M0

G

W00

-
2-100

T-100

10
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6.44 Two-Stage Compression

As well as entering
curves of head vs flow
you can also enter
pressure ratio vs flow.

If speed is unknown,
you can also estimate
the compressor design
speed (use the Design
Speed for this
Compressor button on
the Design tab
Parameters page).
This feature uses a
correlation from the
GPSA handbook.
Consult the UniSim
Design Operations
Guide manual for more
details.

6.44

Exercise 5: Compressor
Curves

After finishing the simulation, your boss provides you with a set of
Compressor Curves for the Stage 2 Compressor which now exists
in the field. This compressor operates at a speed of 5000 rpm and
performs as per the manufacturers curves given below. Will the
existing Compressor be able to achieve the outlet pressure you
want (i.e. 6900 kPa), or will you have to add a third stage of
compression?

Flow, ACT [m3/min

Head [m (ft)]

Polytropic Efficiency

(ACFM)]

30 (1000) 6000 (19670) 74
55 (2000) 5950 (19500) 75
95 (3400) 5800 (19000) 75.25
140 (5000) 5500 (18000) 74.5
175 (6200) 4800 (15700) 72
205 (7300) 3360 (11000) 68

Challenge

You complain to your boss that your simulation takes too long to
converge on your computer because of the recycles and use this
opportunity to petition for a new high speed computer. Your boss
has a look at your simulation and denies your request on the basis
that you can reduce your convergence time by eliminating one of
the recycle unit operations in the simulation. Is your request
justified or is your boss correct?
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Answer Key

Exercise 1

Examine the PFD above. This flowsheet has three physical recycles
and three UniSim Design recycle operations. What is the minimum
number of recycle operations that are needed?

One. There are 3 separate loops and they overlap in stream 1.

(Hint. Visualize the separate loops in the system. Which stream is
included in all the loops?)

Where should the recycle operation(s) be positioned?

At the outlet of the mixer.

Exercise 2

How many recycles are needed in this flowsheet, where should
they be placed, and why?

There is no need for a recycle operation in this refrigeration loop flowsheet
due to the positioning of the specifications.

Exercise 3

How many recycles are needed in this flowsheet, where should
they be placed, and why?

Again there is no need for a recycle operation. Since the LTS separator
feed stream has a known temperature and pressure it is fully defined even
though the Gas-Gas exchanger hasn’t completely solved, hence the
separator can solve and then the exchanger can solve.

6.45
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Exercise 4

How many recycles are needed in this flowsheet, where should
they be placed, and why?

’ - .D:&
2-1m
K-100

1z
100 101

MAH-100 I l E101
15
S
‘ L?—E; 0-100
= — i —
10

ET S 5 vt
M- 101 T-100

-
Feed

1 recycle needed, 3 possible locations

There is no need for a recycle in the small loop containing the two
exchangers and separator V-101 because the pressures and temperatures
in streams 3 and 4 are known, hence stream 4 can flash fully before the
exchangers are solved.

However, the column will not be able to solve unless its feed stream is
fully defined, hence a single recycle is needed somewhere in the main loop

- for example in stream 1, 7 or 9.
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Workshop

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 6900 kPa to 620 kPa before it enters the rich/lean
amine exchanger, where it is heated to the regenerator feed
temperature of 95°C. The regenerator also consists of 20 real
stages. Acid gas is rejected from the regenerator at 50°C, while
the lean amine is produced at approximately 110°C. The lean
amine is cooled and recycled to the Contactor.

Learning Objectives

Once you have completed this section, you will be able to:

e Simulate Amine towers in UniSim Design

e Supply tray dimensions to calculate component efficiencies
for Amine towers

e Use the Set operation
e Use the Spreadsheet

Prerequisites

Before beginning this section you need to be able to start a new
case from scratch, add and contact streams and unit operations
and be familiar with the column recycle operations.
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Column Overview
Contactor

TS-1 Sweet
Gas

Current Number of Stages 20 1
Top Stage Temperature 35.22 | C DEA to TS-1
Bottom Stage Temperature | 56.78 | C Contactor 1
Top Stage Pressure 6850 | kPa

——i 2
Bottom Stage Pressure 6900 | kPa Gas to

Contactor
Rich DEA

Regenerator

Figure 2 ‘
Acid
R Gas
To Co?cvlenser
Main TS - CondQ
Current Number of Stages 18 Reflux Condenser
Top Stage Temperature 1016 |C
Bottom Stage Temperature | 1244 | C
Top Stage Pressure 205.0 | kPa Main TS
Bottom Stage Pressure 220.0 | kPa
- Q
Boilu: Reboiler
To R;oiler
Regen
Bttms
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7.6 Acid Gas Sweetening with DEA

The DBRAmine property
package does not allow
hypothetical
components.

You will also find Amine
Pkg in the list of
Property Packages. This
is an older
implementation which
has been superseded by
the DBRAmine package.
It is maintained only for
compatibility when
loading old cases.

7.6

Building the Simulation

Defining the Simulation
Basis

For this case, you will be using the DBRAmine property package
with the following components:

e Nitrogen e n-Butane

e H2S ¢ i-Pentane
o« (CO2 ¢ n-Pentane
e Methane ¢ n-Hexane
e Ethane e H20

e Propane e DEAmine

e |-Butane

1. Set up a new case, using the

2. DBRAmine property package with the components above. Use
the Kent-Eisenberg model.

Amines Property Package

The Amines package contains the thermodynamic models
developed by D.B. Robinson & Associates for their proprietary
amine plant simulator, AMSIM. Their equilibrium acid gas solubility
and kinetic parameters for aqueous alkanolamine solutions in
contact with H2S and CO2 have been incorporated into this property
package. The Amines property package has been fitted to
extensive experimental data gathered from a combination of D.B.
Robinson’s in-house data, several unpublished sources and
numerous technical references. For more information, refer to
Appendix C of the Simulation Basis Manual.

The Amines package incorporates a specialized stage efficiency
model to permit the simulation of columns on a real tray basis. The
stage efficiency model calculates H>S and CO2 component stage
efficiencies based on the tray dimensions and the calculated
internal tower conditions for both absorbers and strippers.
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Adding the Basics

Adding the feed streams

3. Add a new stream for the inlet gas with the following values:

In this cell... “ Enter...

Name Sour Gas
Temperature 25°C (75°F)

Pressure 6900 kPa (1001 psia)
Molar Flow 1250 kgmole/h (25 MMSCFD)
Component Mole Fraction
Nitrogen 0.0016

H2S 0.0172

COo2 0.0413

Methane 0.8692

Ethane 0.0393

Propane 0.0093

i-Butane 0.0026

n-Butane 0.0029

i-Pentane 0.0014

n-Pentane 0.0012

n-Hexane 0.0018

H20 0.0122

DEAmine 0.0

4. Add a second stream for the lean amine feed to the amine
contactor with the following values:

In this cell...
Name DEA to Contactor
Temperature 35°C (95°F)
Make sure you enter Pressure 6850 kPa (994 psia)
the DEAmine and H20
compositions on a Std Ideal Liq Vol Flow 43 m3/h (190 USGPM)
weight (mass) basis. Component Mass Fraction
H20 0.72
DEAmine 0.28

7.7
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Gas to Contactor

—
Sour
Gas
L
ki

é@

The Input Experts are
toggled on and off from
the Simulation tab of
the Preferences view.

7.8

The values for the stream DEA to Contactor will be updated once
the recycle operation is installed and has calculated.

Adding the Physical Unit
Operations

Separator Operation

Any free water carried with the gas is first removed in a Separator
operation, FWKO TK.

5. Add a Separator and provide the following information:

In this cell... | Enter...

Connections

Name FWKO TK

Inlet Sour Gas

Vapour Outlet Gas to Contactor

Liquid Outlet FWKO

What is the flow rate of water in FWKO?

Contactor Operation

The amine contactor is simulated using an Absorber operation in
UniSim Design.

6. Add an Absorber column operation with the following
specifications:

In this cell... | Enter...

Connections

Name

DEA Contactor

No. of Stages

20

Top Stage Inlet

DEA to Contactor

Bottom Stage Inlet

Gas to Contactor

Ovhd Vapour Outlet

Sweet Gas
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In this cell...

Bottoms Liquid Outlet Rich DEA

Pressures

Top 6850 kPa (994 psia)
Bottom 6900 kPa (1001 psia)
Estimates

Top Temperature 40°C (100°F)

Bottom Temperature 70°C (160°F)

The Amines property package requires that real trays be used in
the contactor and regenerator operations. To model this in

UniSim Design, component specific efficiencies are required for H2S
and CO:z 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.
Tray dimensions enable component specific efficiencies to be
calculated by estimating height of liquid on the tray and the
residence time of vapour in the liquid. To supply the dimensions for
Amines calculations, switch to the Parameters tab, Amines page.

7. Enter the following Tray Section dimensions:

In this cell... “ Enter...
Amines
Weir Height 0.025 m (0.082 ft)
Weir Length 1.0 m (3.3 ft)
Tray Diameter 1.2 m (4.0 ft)
Figure 3
i€ Column: DEA Contactor / COL1 Fluid Pkg: DBR Amine Package (v2012.1) - 1-1 / COMPropertyPkg = “L @;‘@
Faramotors Tray Section Dimensions for Amine Package Tray Property
Profiles Tray Section U T5-1 @) Uniform Tray Data
Weir Height [m] ] 0.0250 Non Uniform Tray Data
Estimates \Weir Length [m] | 1.000
Efficiencies Tray Volume [m3] | 05655
Tray Diameter [m] | 1.200
Solver |
<« (I »
2{3 Phase
Amies For non uniform tray please specify in tray section view
Delta P Approach to Equilibrium Results
Do Approach to Equilibrium Calculations ‘ Help...
Method 1 - Partial Pressure tethod 2 - Amine Molar Loading
Approach to Equilibrium (H2S) [ <empy> Approach to Equilibrium (H2S) [ <empty>
Approach to Equilibrium (CO2) | <empty> Approach to Equilibrium (C02) | <empty>
Approach to Equilibrium (Acid Gas) | <empty> |Approach to Equilibrium (Acid Gas) | <empty>

Design Parameters I Side Ops ]Ratmg ‘Worksheet J Performance I Flowsheet J Reactions I Dynamics JCnst

[ Delete | [ cotumnEnvionment. | [ Run | [ Peet | N (7] Lpcst Outets [ lgnored
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§>

DEA, wWLv-100

— s
Fich DEA, to Flazh
TH

WLW'-100

Product Prezsure | E20.0 | kPa

7.10

8. Run the Column.

9. Once the Column has converged, move to the Efficiencies
page on the Parameters tab.

10. Select the Component radio button in the Efficiency Type
group to view the component efficiencies.

Figure 4
€ Column: DEA Contactor / COL1 Fluid Pkg: DBR Amine Package (v2012.1) - 1-1 / COMPropertyPkg o2 3]
Parameters Component Efficiencies
Profies Efficiency Type Nitrogen H2S CO2 Methane | Ethane | Propane | i-Bi a
o ! 1_Ts-1 1.000 0.4731 0.1453 1.000 1.000 1.000 =
Estimates Sl 2_Ts1 1000 04736 | 0.1481 1.000 1.000 1.000
Q) C it 5
Efficiencies omponen 3_TsA 1.000 0.4737 0.1469 1.000 1.000 1.000
4_Ts- 1.000 0.4739 0.1479 1.000 1.000 1.000
Solver 5_TS-1 1.000 0.4741 0.1490 1.000 1.000 1.000
2/3Phase 6_T5-1 1000 | 04743 | 01504 1.000 1.000 1.000
¢ 7_TsA 1.000 0.4746 0.1520 1.000 1.000 1.000
Amines ————— |8__TS-1 1.000 0.4749 0.1540 1.000 1.000 1.000
Delta P | ResetH2s.COZ | |g_ 754 1000 | 04752 | 0.1563 1.000 1.000 1.000
10_TS-1 1.000 0.4757 0.1592 1.000 1.000 1.000
Transpose 11_Ts-1 1.000 0.4762 0.1627 1.000 1.000 1.000
12_TS-1 1.000 0.4768 0.1670 1.000 1.000 1.000
13_TS-1 1.000 0.4775 01721 1.000 1.000 1.000
Eff Muli-Spec 14_TS-1 1.000 0.4782 0.1780 1.000 1.000 1.000
i 15_TS1 1.000 0.4790 0.1837 1.000 1.000 1.000
<empty> 16__TS-1 1.000 0.4798 0.1867 1.000 1.000 1.000
= 17_TS-1 1.000 0.4803 0.1802 1.000 1.000 1.000 =y
[ specity—> || [~ s S npn | nannr | narra i ncn 3 non i ncn
/=" |« »
Design Parameters ‘ Side Ops J Rating J ‘Worksheet J Perfarmance J Flowsheet ] Reactions J Dynamics ]Cos(
Detete | [ ColumnEnvionment, | [ Pun | [ Reset | G (V Uodote Outets [ ignored

11. Switch to the Worksheet tab to view the concentrations of H.S
and COz in the product streams from the column.

What is the concentration of H2S and CO2 in the Sweet Gas?
H2S
co2

Valve Operation

Rich DEA from the Contactor is directed to a Valve, VLV-100,
where the pressure is reduced to 620 kPa (90 psia), which is close
to the Regenerator operating pressure.

12. Add a Valve with the following values:

In this cell... “ Enter...
Connections

Inlet Rich DEA
Outlet DEA to Flash TK
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—
Flash
Yap

Fla=zh
DEA to Flash TH
TH

L

—
Rich to LR

Regen Bitms

7—p—)0 —
Richto LR Regen Feed

LR
HEX

Lean frorm
LR

LR HEX
Tube Qutlet Temperature Q500 | C
Tube Side Pressure Drop | 70.00 | kPa
Shell Side Pregsure Drop | 70.00 | kPa

In this cell... “ Enter...

Worksheet

Pressure, DEA to Flash TK | 620 kPa (90 psia)

Separator Operation

Gases which are flashed off from Rich DEA are removed using the
rich amine flash tank, Flash TK, which is installed as a Separator
operation.

13. Add a Separator with the information shown below:

In this cell... “ Enter...
Connections

Name Flash TK

Inlets DEA to Flash TK
Vapour Outlet Flash Vap
Liquid Outlet Rich to L/R

Heat Exchanger Operation

Regen Feed is heated to 95°C (200°F) in the lean/rich exchanger,
L/R HEX, prior to entering the Regenerator, where heat is applied
to break the amine-acid gas bonds, thereby permitting the DEA to

be recycled to the contactor.

14.Add a Heat Exchanger with the following values:

In this cell... “ Enter...
Connections

Name L/R HEX
Tube Side Inlet Rich to L/R
Tube Side Outlet Regen Feed

Shell Side Inlet

Regen Bttms

Shell Side Outlet

Lean from L/R

Parameters

Tubeside Delta P

70 kPa (10 psi)

Shellside Delta P

70 kPa (10 psi)

Heat Exchanger Model

Exchanger Design (Weighted)

Worksheet

Regen Feed, Temperature

95°C (203°F)
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Damping Factors will
have no effect on
problems where the
heat and spec error
does not converge.

Certain columns require
the use of a damping
factor.

Amine Regenerators,
TEG Strippers and Sour
Water Strippers use
damping factors in the
0.25 - 0.5 range.

You will need to click
the Reset H2S, CO2
button before you can
enter the specified H2S
and CO2 efficiencies

7.12

Regenerator Operation

The Amine Regenerator is modeled as a Distillation Column. There
are 20 real stages - 18 stages in the Tray Section plus a Reboiler
and Condenser. The component efficiencies for this tower are
assumed to be constant at 0.8 for H2S and 0.15 for CO2. The
efficiencies of the Condenser and Reboiler must remain at 1.0, so
only stages 1-18 should have efficiencies entered for them. A
Damping Factor of 0.4 will provide a faster, more stable
convergence. The Damping Factor controls the step size used in
the outer loop when updating the thermodynamic models in the

inner loop.

15. Add a Distillation column with the following information:

In this cell... “ Enter...
Design\Connections

Name Regenerator
No. of Stages 18

Inlet Streams / Stage Regen Feed / 4
Condenser Type Full Reflux
Ovhd Vapour Outlet Acid Gas

Bottoms Liquid Outlet

Regen Bttms

Reboiler Energy Stream Rbir Q
Condenser Energy Stream Cond Q
Parameters\Solver

Fixed Damping Factor 0.40

Solving Method

Legacy Inside-Out

Parameters\Profiles

Condenser Pressure

190 kPa (27.5 psia)

Condenser Delta P

15 kPa (2.5 psi)

Reboiler Pressure

220 kPa (31.5 psia)

Top Stage Temperature

100°C (210°F)

Reboiler Temperature

125°C (260°F)

Parameters)\Efficiencies

COo2

0.15

H2S

0.8
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In this cell... | Enter... ‘

Design\Monitor

Overhead Vap Rate (Estimate) 75 kgmole/h (1.5 MMSCFD)

Reflux Ratio (Estimate) 1.5

Design\Monitor

Remember to activate
the Condenser Column Temperature, Condenser 50°C (120°F)

Temperature and
Reboiler Duty

o Column Duty, Reboiler 1.3e7 ki/h (1.2e7 Btu/hr)
specifications once they
are added.
An alternative 16. Run the column.

specification that could
be used is the
Component Recovery
for DEA, because all of
the DEA (100%) should
be recovered in the
bottom product stream.
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The Mixer will adjust
the water flow rate to
achieve the circulation
rate. An Adjust
operation could have
been used but is not

necessary.
wakeup
Hz10

o
e
DEAte Cool
Migpg  Coan from
hll®-100

Product “walume Flow | 43.00 |m3h

Bqualize Prassures ez

%

7.14

Mixer Operation

Water make-up is necessary, since water is lost in the Absorber
and Regenerator overhead streams. A Mixer operation combines
the lean amine from the Regenerator with a water makeup. These
streams mix at the same pressure.

17.Add a new stream.

In this cell... “ Enter...
Connections

Name Makeup H20
Temperature 25°C (77°F)
Component Mole Fraction
H20 1.0

18. Add a Mixer with the following information:

In this cell... “ Enter...

Connections

Inlets Makeup H20
Lean from L/R

Outlet DEA to Cool

Parameters

Pressure Assignment Equalize All

Worksheet

Std Ideal Liq Vol Flow,
DEA to Cool

43 m3/h (190 USGPM)

What is the flow rate of Makeup H20?
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Zaooler
@]
{ }q—q——
DEA to Pump DEA to Cool
Zaooler
Cooler

Fressure Drop ‘ 3500 | kPa

P-100

DEA to Recycle q DEA to Purnp
-

Pump @

P-100

Product Temperature | 35.00 | [

Cooler Operation

19. Add a Cooler with the values given below:

In this cell... “ Enter...
Connections

Name Cooler

Feed Stream DEA to Cool
Product Stream DEA to Pump
Energy Stream Cooler Q
Parameters

Pressure Drop | 35 kPa (5 psi)

Pump Operation

20. Add a Pump with the following information:

In this cell... “ Enter...

Connections

Inlet DEA to Pump
Outlet DEA to Recycle
Energy Pump Q
Worksheet

Temperature, DEA to
Recycle

35°C (95°F)
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\ 4

Set icon

Adding Logical Unit
Operations

Set Operation

The Set is a steady-state operation used to set the value of a
specific Process Variable (PV) in relation to another PV. The
relationship is between the same PV in two like objects; for
instance, the temperature of two streams, or the UA of two
exchangers.

21. Double-click on the Set icon. Complete the Connections tab as
shown in the following figure.

¢ SET1 == Eoh ="
Name SET-1
Target Variahle

Objet:tl DEAto Recycle ( Selectar... 1

Variable: Pressure

Source Variable

Object: Gas to Contactor v

Connections I Parameters J UserVariables J Notes J Worksheet J
L Delete | |lgnored

22.Go to the Parameters tab. Set the Multiplier to 1, and the
Offset to -35 kPa (-5 psi) as shown below:
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4

Recycle icon

¢ sET1 = ol <
Parameters
Multiplier 1.0000 |
Offset [kPa] -35.000 kPa.

Y = (17X + (-35) [kPa]
Y = Material Stream (DEA to Recycle) : Pressure
X = Material Stream (Gas to Contactar) : Pressure

e —

Connections Parameters [ UserVariables J Notes J Worksheet J

[Deﬂ;te‘ [ Jignored

Recycle Operation

The Recycle installs a theoretical block in the process stream. The

feed into the block is termed the calculated recycle stream, and the

product is the assumed recycle stream. The following steps take
place during the convergence process:

e UniSim Design uses the conditions of the assumed stream
and solves the Flowsheet up to the calculated stream.

e UniSim Design then compares the values of the calculated
stream to those of the assumed stream.

e Based on the difference between the values, UniSim Design

modifies the values in the assumed stream.

e The calculation process repeats until the values in the
calculated stream match those in the assumed stream
within specified tolerances.

In this case, the lean amine (DEA to Contactor) stream which was
originally estimated will be replaced with the new calculated lean

amine (DEA to Recycle) stream and the Contactor and Regenerator

will be run until the recycle loop converges.

23. Double-click on the Recycle icon. On the Connections tab
select the connections from the drop-down lists as follows:
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€ Rov1
Connections Name Fluid Package
Connections RCY-1 DBER Amine Package (v; v
Notes
Inlet

DEAto Recycle v / /
/ / Outlet

& Connections | Parameters J ‘Worksheet ] Manitor J User Variables J
Delete [ Continue ’ [ Recycle Assistant ] Ignored
Stop Before Execution Stop After Execution '

24.Switch to the Parameters tab. Ensure the tab is as shown in
the figure below:

Figure 8
The smaller the ¢ Rov1 [E=5 Eo8 =X
Sen5|t|V|ty the t|g hter Parameters Sensitivities Transfer Direction | Take Partial Steps
the tolerance. ‘apour Fraction 10.00 Forwards
Variables Temperature 10.00 Forwards
Numerical Pressure 10.00 Forwards
Flow 10.00 Forwards
Enthalpy 10.00 Forwards
Composition 10.00 Forwards
Entropy 10.00 Forwards
Heat Flow 10.00 Forwards

" |Use Component Sensitivities

——
Connections Parameters | ‘Worksheet J Monitor J User Variables J

I Continue J | Recycle Assistant | Ignored
Stop Before Execution ‘ Stop After Execution |

Save your case!

7.18
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To calculate vol ppm
multiply liquid volume
fraction by 1 million.

5

Analyzing the Results

The incoming sour gas contained 4.1% CO2 and 1.7% H2S. For our
inlet gas flow rate of 1250 kgmole/h (25 MMSCFD), a circulating
solution of approximately 28 wt% DEA was used to remove H2S
and CO:z. The conventional pipeline gas specification is no more
than 2.0 vol% CO2 and 4 ppm (volume) HsS.

What is the C02 vol% in the Sweet Gas?

What is the H2S vol ppm level?

Have the pipeline gas specifications been met?
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Advanced Modeling

Concentrations of acid gas components in an amine stream are
typically expressed in terms of loadings of amine. Loadings are
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 loadings be directly calculated
and displayed, but they can be incorporated into the simulation to
provide a “control point” for optimizing the amine simulation.

25. Add a spreadsheet using the following variables for the loading
calculations:

Figure 9

£ Loadings == x|
SpreadsheetName Loadings

Imported Variables

Cell Object Yariable Description EditImport... ‘
B1 Rich DEA Comp Molar Flow (DEAmine) =
B2 Rich DEA Comp Molar Flow (H25) Add Import.. |
B3 Rich DEA Comp Molar Flow (CO2) g
B4 DEA to Contactor Comp Molar Flow (DEAmine) Delete Import ‘
B5 DEA to Contactor Comp Molar Flow (H25)

B6 DEA to Contactor Comp Molar Flow (CO2)

Exported Variables

Cell Object Yariable Description

Add Export.. |

i Connections | Parameters J Formulas J Spreadsheet J Calculation Order J Initialize From ks Jr

l Delete J [ Function Help... ] [ Spreadsheet Only... ‘ Ignored
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26.0n the Spreadsheet page, enter the formulae for the loading
calculations.

In this cell...

Spreadsheet

D2 =b2/b1
D3 =b3/b1
D5 =b5/b4
D6 =b6/b4

The acid gas loadings can be compared to values recommended by
D.B. Robinson.

Maximum Acid Gas Loadings
(moles acid gas / moles of amines)

Co2 H2S
MEA, DEA 0.50 0.35
DEA 0.45 0.30
TEA, MDEA 0.30 0.20

27.Enter appropriate text labels for the imported
variables/formulae. Your spreadsheet should appear as shown.

Figure 10
B Loadings BN Ho ==
Al Wariahle: R
A B c D
1 I Rich DEA 117.19 kgrmolefh
2 Fich H25 21.522 kgmale/h Fich H25 loading 01836
3 Rich COZ 51.178 kgmole/h Rich COZ loading 0.4367
4 Lean DEA 11718 kgmolefh
] LeanHZE | 4.2813e-002 kgmole Lean HZE Inading 3.663e-004
b Lean COZ 1.5679 kgrmolefh Lean COZ loading 1.329e-002
7
il
49
10
Connections ] Pararneters ] Forrmulas  Spreadsheet ‘ Calculation Order J Initialize From }s J r

| Delete | ‘ Function Help... | ‘ Spreadshest Only. | lgrored

7.21
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Exploring the
Simulation

Exercise 1: Doubling the
Flow rate

You just received a phone call from the plant manager at a
neighboring gas plant. They are having a problem with their
contactor and must shut down. You have agreed to take on their
gas for processing, which doubles the flow rate of gas to your
plant. Make the necessary changes to handle the upset.

7.22
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8. Natural Gas
Dehydration
with TEG

© 2016 Honeywell - All rights reserved.
UniSim is a U.S. registered trademark of Honeywell International Inc
4526.08.R450.01
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Workshop

At the wellhead, reservoir fluids are generally saturated with water.
The water in the gas can present some problems:

e« formation of solid hydrates can plug valves, fittings, or
pipes

e the presence of water along with H2S or CO2 can cause
corrosion problems

e water can condense in the pipeline causing erosion or
corrosion problems

Generally, a dehydration unit is used in gas plants to meet a
pipeline specification. There are several different processes
available for dehydration: glycols, silica gel, or molecular sieves.

The natural gas industry commonly uses tri-ethylene glycol (TEG)
for gas dehydration where low gas dew point temperatures are
required, such as in the design of offshore platforms in the Arctic
or North Sea regions or for other cryogenic processes.

In this example, the water dew point spec for the dry gas is -10°C
(-14°F) at 6155 kPa (893 psia).

Learning Objectives

Once you have completed this section, you will be able to:

e Model a typical TEG dehydration unit
e Determine water dew point for a gas

Prerequisites

Before beginning this section you need to be able to add streams,
operations and columns.

8.3
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Column Overview
TEG Contactor

Figure 1 ‘
Dry Gas
TS-1
oy —— |
Current Number of Stages 8 TEG TS-1
Top Stage Pressure 6190 | kPa Feed 5
Bottom Stage Pressure 6200 | kPa _— 8
Gas to
Contactor
Rich
TEG
Figure 2 ‘
Sour
Gas
Cond Q
Condenser Condenser
Vessel Pressure ‘ 101.0 | kPa
Tp Cqndenser
Main TS ]
Current Number of Stages 1 Ri i Reboiler
Main TS
Top Stage Pressure 103.0 | kPa Vessel Pressure | 103.0 | kPa
b Reb Q
Regen
Feed o
Boilup
Reboiler
= Regen
To Reboiler Bttms

8.5
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Building the Simulation

Defining the Simulation
Basis

For this case, you will be using the Glycol Package with the
following components:

¢ Nitrogen e i-Butane
e H2S e n-Butane
o« (CO2 ¢ i-Pentane
e Methane ¢ n-Pentane
e Ethane e H20

e Propane e TEGIlycol

Starting the Simulation

Adding the feed streams

1. Add a Material stream for the inlet gas with the following

values:
Name Inlet Gas
Temperature 30°C (85°F)
Pressure 6200 kPa (900 psia)
Molar Flow 500 kgmole/h (10 MMSCFD)
Component Mole Fraction
Nitrogen 0.0010
H2S 0.0155
COo2 0.0284
Methane 0.8989
Ethane 0.0310
Propane 0.0148

8.6



Natural Gas Dehydration with TEG 8.7

In this cell... “ Enter...
i-Butane 0.0059
n-Butane 0.0030
i-Pentane 0.0010
n-Pentane 0.0005
H20 0.0000
TEGlycol 0.0000

2. Add a second Material stream for the TEG feed to the TEG
Contactor with the listed values.

In this cell... “ Enter...

Name TEG Feed

Temperature 50°C (120°F)
Remember to enter Pressure 6200 kPa (900 psia)
these compositions as Std Ideal Liq Vol Flow 0.5 m3/h (2 USGPM)
mass fractions! Component Mass Fraction

H20 0.01

TEGlycol 0.99

The values for the stream TEG Feed will be updated once the
Recycle operation is installed and has calculated.

Mixer Operation

Saturate
Equakze Pressures | Yes ipe .

etGes [vee | The composition of the natural gas stream has been provided on a

s SWM::DJ’_;"“’ water-free basis. To ensure water saturation, the gas is mixed with
water prior to entering the Contactor.

Viater 10 Saturate . X
Temperature | 3000 | C 3. Add a Mixer to mix the Inlet Gas and Water to Saturate
Pressure 6200 | kPa streams.

Molor Flow 1.0000 | kgmole

8.7
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—
Gas to Contactor

Gasz + H20 PO

TH

8.8

In this cell... “ Enter...
Connections
Name Saturate
Inlets Inlet Gas

Water to Saturate
Outlet Gas + H20
Parameters
Automatic Pressure Equalize All
Assignment
Worksheet

Water to Saturate,
Flow rate

1 kgmole/h (2.2 Ibmole/hr)

Water to Saturate,
Composition

100% Water

Water to Saturate,

Temperature

30°C (85°F)

What is the vapour fraction of the stream Gas+H20? (It should be
less than 1.0 to ensure saturation)

Separator Operation

Any free water carried with the gas is first removed in a separator
operation, FWKO.

4. Add a Separator and provide the following information:

In this cell... “ Enter...
Connections

Name FWKO TK
Inlets Gas + H20

Vapour Outlet Gas to Contactor

Liquid Outlet FWKO
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"Rich TEG

WLN-100

LF
TEG

How much water is removed by the Separator?

Later in this workshop a hydrate temperature is also calculated for
stream Gas to Contactor. At this stage if a Hydrate Formation
utility is added to the stream it won’t calculate because it does not
support the Glycol Package.

Contactor Operation

The TEG Contactor can now be simulated.

5. Add an Absorber column operation with the following
specifications and Run the column.

In this cell... “ Enter...

Connections

Name TEG Contactor
No. of Stages 8
Top Stage Inlet TEG Feed

Bottom Stage Inlet

Gas to Contactor

Ovhd Vapour Outlet Dry Gas

Bottoms Liquid Outlet Rich TEG

Pressure

Top 6190 kPa (897 psia)
Bottom 6200 kPa (900 psia)

Valve Operation

The Rich TEG stream is flashed across the valve, VLV-100. The

outlet pressure will be back calculated.

6. Add a Valve with the following values:

In this cell... “ Enter...

Connections

Inlet

Rich TEG

Outlet

LP TEG

8.9
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Lean fram
LF

Natural Gas Dehydration with TEG

Heat Exchanger Operation

Regen Feed is heated to 105°C (220°F) in the lean/rich exchanger,
L/R HEX, before entering the Regenerator.

7. Add a Heat Exchanger with the following values:

In this cell... “ Enter...
Connections
Name L/R HEX

Tube Side Inlet

Regen Bttms

Tube Side Outlet

Lean from L/R

Shell Side Inlet

LP TEG

Shell Side Outlet

Regen Feed

-
LP Fegen
TEG L Feed
HEX
Regen Bttins
LR HEX
Shell Outlet Temperature o500 (C
Shell Outlet Pressure 1100 |kPa

Parameters

Tuke Side Pressure Drop | 7000 | kPa

Shell Side Pressure Drop | 7000 (kPa

Tubeside Delta P

70 kPa (10 psi)

8.10

Shellside Delta P

70 kPa (10 psi)

Worksheet

Regen Feed, Temperature

105°C (220°F)

Regen Feed, Pressure

110 kPa (16 psia)
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Regenerator Operation

The TEG Regenerator is simulated as a Distillation Column. The
TEG Regenerator consists of a condenser, a reboiler and one ideal
stage.

8. Add a Distillation Column to the case.

In this cell... “ Enter...

You can turn off the Connections

Column Input Experts

in Tool/Preferences on Name TEG Regenerator

(e Siioten @050 | o, of sages 1

Input Experts’ box. Inlet Stream Regen Feed
Condenser Type Full Reflux
Ovhd Vapour Outlet Sour Gas
Bottoms Liquid Outlet Regen Bttms
Condenser Energy Stream Cond Q
Reboiler Energy Stream Reb Q
Pressures
Delta P Cond 2 kPa (1 psia)
Condenser 101 kPa (14 psia)
Specs

First Spec - Column Temperature

Stage Condenser
Spec Value 102°C (215°F)
Status Active

Second Spec - Column Temperature

Stage Reboiler
Spec Value 205°C (400°F)
Status Active

Third Spec - Reflux Ratio

Spec Value 1.0 Molar

Status Estimate

Fourth Spec - Column Draw Rate

Draw Sour Gas @ COL2
Spec Value 1 kgmole/h (0.02 MMSCFD)
Status Estimate
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Don't forget to enter
the compositions as
mass fractions!

9. Set the Damping method (on the Solver page of the
Parameters tab) to Adaptive. This will result in much faster
convergence for this column.

10. Run the Column.

Mixer Operation

TEG is lost in small quantities in the top products of the columns,
so a makeup stream is required to ensure that the material balance
is maintained.

11. Add a Material Stream with the following information:

In this cell... “ Enter...
Connections

Name Makeup TEG
Temperature 15°C (60°F)
Component Mass Fraction
H20 0.01

TEG 0.99

Makeup
TEG
e
Mx-100  [gen from
MIX-100

Equalize Pressures Yes

Product Volume Flow | 0.5000 | m3/h

&

8.12

12. Add a Mixer with the following information:

In this cell... “ Enter...

Connections

Inlets Makeup TEG
Lean from L/R

Outlet TEG to Pump

Parameters

Automatic Pressure Equalize All

Assignment

Worksheet

Std Ideal Liq Vol Flow, 0.5 m3/h (2 USGPM)

TEG to Pump

What is the flow rate of Makeup TEG?
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Pump

ot TEG ta Pump

Pump Operation

A pump is installed to raise the pressure of the TEG before it enters

the Contactor.

13. Add a Pump with the following information:

8.13

Pump O In this cell... “ Enter...

Connections
F-100
Froduct Pressure ‘ G275 ‘ kPa Inlet TEG to Pump

Outlet Pump Out
Energy Pump Q
Worksheet
Pump Out, Pressure | 6275 kPa (910 psia)

Heat Exchanger

o | B A second heat exchanger is added to cool the TEG returning to the
) — Contactor.
Recycle out

14. Add a Heat Exchanger with the following information:

E-100

DryGas T [Tupe Outlet Termperature | 50.00 | C

Tube Side Pressure Orop 70.00 | kPa In this ce"... “ Enter...

Shell Side Pressure Drop 35.00 | kPa
Connections
Tube Side Inlet Pump Out
Tube Side Outlet TEG to Recycle
Shell Side Inlet Dry Gas
Shell Side Outlet Sales Gas
Parameters
Tube Side Delta P 70 kPa (10 psi)
Shell Side Delta P 35 kPa (5 psi)
Worksheet
TEG to Recycle, 50°C (120°F)
Temperature




8.14

8.14

Natural Gas Dehydration with TEG

©

Recycle icon

Recycle Operation

The Recycle installs a theoretical block in the process stream. The
feed into the block is termed the calculated recycle stream, and the
product is the assumed recycle stream. The following steps take
place during the convergence process:

e UniSim Design uses the conditions of the assumed stream
and solves the Flowsheet up to the calculated stream

e UniSim Design then compares the values of the calculated
stream to those of the assumed stream

¢ Based on the difference between the values, UniSim Design
modifies the values in the assumed stream

e The calculation process repeats until the values in the
calculated stream match those in the assumed stream
within specified tolerances

The specifications in the lean TEG (TEG Feed) stream which were
originally estimated will be replaced by values updated by the
recycle. The recycle will control iterations of the loop until it
converges.

15. Double-click the Recycle icon from the Object Palette. On the
Connections tab select the connections from the drop-down
boxes as depicted below:

Figure 3
@ Rov1 [E=0 Bos ==
Connections Name Fluid Package
RCY-1 Basis-1 v

Connections
Notes

Inlet

TEG to Recycle v / /
/ / Outlet

Connedions| Parameters JWUrksheet J MonitnrJ User Variables J

[ Delete l Continue i { Recycle Assistant i Ignored
Stop Before Execution Stop After Execution
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The TEG concentration
is very high so it is
necessary to tighten the
tolerances, especially
for composition, to
ensure an accurate
solution.

Remember to answer
NO to the question: “Do
you want to return to
the simulation
environment in
HOLDING mode”.

Remember to answer
NO to the question: “Do
you want to return to
the simulation
environment in
HOLDING mode”.

16. Switch to the Variables page on the Parameters tab.
Complete the page as shown in the figure below. Tolerances for
Flow, Enthalpy and Composition need to be tightened.

© Rov-1 o [B]R
P < Sensitivities Transfer Direction Take Partial Steps

Yapour Fraction 10.00 Forwards

Variables Temperature 10.00 Forwards

Numerical Pressure 10.00 Forwards
Flow 1.000 Forwards
Enthalpy 1.000 Forwards
Composition Il 0.1000 Forwards
Entropy 10.00 Forwards
Heat Flow 10.00 Forwards 2 o

Use Component Sensitivities

Connections Parameters [ ‘Worksheet J Manitor J User Variables ]

Delete { Continue J l Recycle Assistant J " |lgnored
( Stop Before Execution | ( Stop After Execution ]
F J

Hydrate Formation Utility

1. The Hydrate Formation Utility does not support the Glycol
Package. Therefore, in order to use the utility, we need to
make a copy of the process stream and edit that stream to
use a different fluid package (Peng Robinson).

2. Navigate to the Basis Environment, and use the Copy
button the Fluid Pkgs tab. Once copied, open the new fluid
package and change the Property Package Selection from
Glycol Pkg to Peng Robinson".

3. Change the name of the original fluid package from Basis-1
to Glycol, and the new fluid package from Basis-2 to PR.
Return to the Simulation Environment.

4. Add a new stream called Gas to Contactor-2. Use the
Define From Other Stream button to define this stream from
the original Gas to Contactor stream.

5. On the Worksheet tab, Conditions page, change the Fluid
Package option to PR.

6. Repeat steps 4 and 5 to make a second stream, which will
be a copy of the Sales Gas stream.
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Attach a Hydrate Formation
Utility to Sales Gas stream

There are three ways to attach utilities to streams.

Click on the Tools menu and select Utilities. The Available
Utilities view appears

Press Ctrl U and the Available Utilities view appears

Double-click a stream. On the Attachments tab, select
Utilities. Click Create and the Available Utilities view
appears

Add a Hydrate Formation Utility.

1.

Press Ctrl U and in the Available Utilities view, select the
Hydrate Formation Utility and click on the Add Utility
button. If the utility is not already associated with a stream,
then the Hydrate Formation Utility view appears.

Click Select Stream and select the Sales Gas. Click OK.

Switch to the Performance tab. Here you will see the
Equilibrium Phase reported as Vapour Phase.

Figure 5

[

it Hydrate Formation Utility: Hydrate Formation Utility-2 |_£_:|_ _@_

757 Design Performance | Dynamics

Delete ] Ignored

Formation Temperature at Stream Pressure

Performance
Formation T/P Formation Temperature [C] 1.2385 |
Freezing Temperature [C] -2.5883
Hydrate Type Formed Typel &l
Calculation Mode Free Water Found

Formation Pressure at Stream Temperature

Formation Pressure [kPa] <empty>
Freezing Pressure [kPa] <empty>
Hydrate Type Formed No Types
Calculation Mode Vapour Phase
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What is the hydrate temperature of the Sales Gas stream?

How does this compare with the hydrate temperature of the Gas to

Contactor stream?

Save your case!
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Component Splitter
icon

The Component Splitter
does not do a flash to
separate components.
The separation is
specified by the user.

—
TEG
Only
Sales
Gas = 5
t rTIoe
ol TEG
—
Water
Dewpoint
Remave TEG
Overhead Temperature 3/00 ) C
Bottomn Temperature 3500 |C
Overhead Fractions (TEG Only-TEGlycol) 1.0000
Pressure Option Egualize All

8.18

Analyzing the Results

One of the criteria used to determine the efficiency of a
dehydration facility is the water dew point of the dry gas. First, all
traces of TEG must be removed from the stream being tested
because TEG affects the water dew point. This is accomplished by
the use of a Component Splitter. A property correlation is used to
calculate the water dew point temperature.

4. Add a Component Splitter with the following values:

Connections

Name Remove TEG
Inlet Sales Gas
Overhead Outlet TEG Only

Bottoms Outlet

Water Dew point

Energy

Split Q

Parameters

TEG Only, Temperature

35°C (95°F)

Water Dew Point, Temperature

35°C (95°F)

Stream Specifications

Equalize All Stream Pressures

Splits
Stream TEG Only, TEG 1.0
Stream TEG Only, all other components 0.0

The next step is to add a Water Dew Point Property Correlation to

the Water Dew Point stream.

5. Double-click on the Water Dew Point stream.

6. Open the Properties page on the Worksheet tab. The
property correlations displayed are controlled using the buttons
at the bottom of the Properties page.

Property Carrelation Contralz

@4}'“@ @ A7)

ol
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7. Click the Append New Correlation button. The Correlation
IE Picker view appears displaying all the available correlations in
a tree format.

Append New ) . ) )
Correlation icon 8. From the list of available correlations click on the *+’ symbol to

view additional sub-items for the Gas branch. Select the Water
Dew Point correlation (see Figure 7) and click Apply. Close
the Correlation Picker. The new correlation is added to the
bottom of the list.

Figure 7 ‘

=i Correlation Picker = @ @

Available Stream Correlations

+-Black Oil -

+ Electrolyte

2-Gas

i HC Dew Point
Higher Heating Value
Lower Heating Value
Mass Density (Std. Cond) =
‘Water Content
‘Water Dew Point
‘Wobbe Index

- Petroleurn

RFG

+H-RvP

+-Solid

- Standard

.| laar Pranarhs

Plot: All v

‘Water Dew Paint

=
] Apply [ Close |

9. Locate the Water Dew Point [Gas] property correlation that
was just added.
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r

= \Water Dew Point (a3 | =
Worksheet Viscosity [cP] 1.327e-002 -
= Cv (Semi-ldeal) [kd/kgmole-C] 38.64
Conditions Mass Cv (Semi-ldeal) [kl/kg-C] 2,097
Properties Cv [kJ7kgmole-C] 31.18
C%mlpc‘s'"m Mass Ov [kJ/ka-C] 1,692
-KValue Cv (Ent. Method) [kJ/kgmole-C] 3024
User Variables Mass Cv (Ent Method) [kJ/kg-C] 1641
Notes Cp/Cv (Ent. Method) 15563
CostParameters | 5 iiv/p 5137.8 C [kPa] <empty>
True VP(@37.7778C) [kPa] <empty>
Lig. Vol. Flow - Sum(Std. Cond) [m3/h] 00000 | =
Water Dew Point{Gas] [C] -19.14 -
<« [ N
Property Correlation Controls
Bl v e X W A
Preference Option: -

Worksheet I Aftachments ] Dynamics J

| Delee | | Define from Other Stream... ] « =
2 What is the water dew point temperature of the Sales Gas stream?
: Does it meet the required spec: -10°C (-14°F) at 6155 kPa (893
Sg psia)?
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Exploring the
Simulation

Exercise 1: Stripping Gas

The addition of stripping gas (a slip stream from Sales Gas) will
enhance the ability of the Regenerator to remove water from the
rich TEG. Take note of the current concentration of TEG in the
Regen Bttms stream.

1. Add a Tee operation to split the Sales Gas into two streams.
The strip gas stream is specified as follows:
¢ Flow = 50 kgmole/h (110 Ibmole/hr)

The stream pressure is 6155 kPa which is too high for the
Regenerator.

2. Add a heater to prepare the Strip Gas stream to be a feed to
the Regenerator. Specify the following parameters for the
heater:

e Product stream name = SG to Regen
e Product stream temperature = 70°C (160°F)
e Product stream pressure = 110 kPa (15 psia)

3. Connect stream SG to Regen as a feed to the Regenerator
Reboiler.

Does the TEG concentration in Regen Bttms increase?

Note: the sales gas now exceeds the dew point specification easily.

8.21
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Introduction

Once you have finished a simulation, or during analysis, you may
wish to obtain reports of the data that you have input and that
UniSim Design has generated. Reporting data in UniSim Design can
be achieved in a number of ways, such as:

Report manager

Print to File option

Copy-Paste with Labels option
Workbook and PFD customization
Excel utilities

Learning Objectives

Once you have finished this module, you will be able to customize
reports in UniSim Design using the Report Manager, customize the
PFD and the workbook to display selected data and install and run
an Excel utility to view data from the workbook.

Prerequisites

Familiarity with the UniSim Design interface
Ability to modify the workbook in UniSim Design
Knowledge of Microsoft Excel
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Information about
operations and streams
in UniSim Design used
for printing is contained
in objects called
Datasheets.

9.4

Report Manager

The Report Manager in UniSim Design allows the user to include
data from all unit operations and streams in a UniSim Design case
in any order. This information can then be printed. The information
available through the Report Manager is the same information
available if one prints a unit operation or stream report directly
from the UniSim Design case.

Exercise 1

1. Open the solution case from the Gas Dehydration with TEG
module, 4526.08.NGDehydrationTEG.usc.

2. Go to the Tools menu, and select Reports. You are now in the
Report Manager.

3. Click the Create button to create a new report. You are
presented with a new window that allows you to customize the
content of the report.

4. Click the Insert Datasheet button to obtain a menu of all the

information available in the case that can be included in the
report:

=4 Select Datablocks for Datasheet

| ~Source for Datablocks Awvailable Datablocks

(@) Pick a Specific Object by Name Pick All Objects of a Given Type M Status Add ‘
[ A
Flowsheets Objects Filter M All Pages

(|
Case “{hain) Q Al ‘ Cengel J
TEG Contactor (COL1) Streams
T-100 (COL2) <Workbook - Main> = UnitOps [ ]
Cond 0 Logicels EETTET
Dry Gas
E-100 Ulwlwlxe§ Invert Selection |
Reactions e
FeederBlock_|nlet Gas “) Other
FeederBlock_Makeup TEC
FeederBlock_‘Water to Sat Custom ) ; ;
FWKO Checked Datablocks will be included in the Datasheet.
FWKO TK Datablocks with trailing ellipses have additional options
Gas + H20 = YSE‘UP Custarn ! that will appear here when selected

5. You can filter the lists by object type or by name, using the
radio buttons at the top of the window. In this case, leave the
radio button on Pick a Specific Object by Name.

6. Leave the Flowsheets selection at Case (Main) and choose
stream Sales Gas under the Objects list. You will notice that
all the datablocks available for stream Sales Gas have been
selected by default in the Available Datablocks window:
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Figure 2
=&l Select Datablocks for Datasheet - .
Source for Datablocks Available Datablocks \
Q) Pick a Specific Object by Name Pick All Objects of a Given Type +- M Worksheet [ Add

:+ | Attachments

Flowsheets Objects Filter -
T T [RCY- = 9 All ¥/ Dynamics Cancel

| Case ain M| PSD Properties

| TEG Cantactor fC

oL1) Reb Q Streams 2 ;
T-100 (CoL2) Regen Bttms UnitOps UserVariables _
I | selectal
Regen Feed Logicals Status
Remove TEG Utilities W Notes
e Reactions
Saturate g‘h‘;;m
Sour Gas = Y
SplitQ Checked Datablocks will be included in the Datasheet
T-100 —— Datablocks with trailing ellipses have additional options
TEG Contactor v ‘M thatwill appear here when selected.

7. The only information we want to include in our datasheet is the
stream conditions, so you need to click on the + next to the
Worksheet option and deselect all the remaining selections
(e.g. Properties, Composition and K values). You will also
need to deselect Attachments, Dynamics, PSD Properties,
User Variables, Status and Notes:

~§] Select Datablocks for Datasheet m
Source for Datablocks Awailable Datablocks:
(@) Pick a Specific Object by Name () Pick All Objects of a Given Type =- 1 Worksheet - Add
Flowsheets Objects Filter ' Conditions
COEEENTEE oo || @A 0 Properice [ concel ]
TEG Contactor (COLT) Reb Q Streams ,T: Eomposmun =
T-100 (COL2) Regen Bitms ~) UnitOps Value ( Selatan
Regen Feed Logicals I Electrolytes {L
Remove TEG Utilities -] Attachments e
i * Reactons [ yneics [ invrtSetecton |
vale's,G_as ) Other I PSD Properties |
Sa“”g‘e 5 Cibiom ™ User Variables
our Gas = -
SplitQ Checked Datablocks will be included in the Datasheet
T-100 Datablocks with trailing ellipses have additional options
TEG Contactor - Setup Custom that will appear here when selected

8. Click the Add button to add the Conditions for stream Sour
Gas to the report. You will notice that the report now contains
the conditions for stream Sales Gas.

9. Now, add the TEG Regenerator column Design Datablock to
the report in the same way. (HINT: the Flowsheets selection
must be left at Case(Main) in order to select the Design
Datablock for a column.)

10.In the report manager, you can add information from the
workbook as well as from streams and Unit operations. Add the
Unit Ops page from <Workbook - Main> to the report.

11. We are now finished adding datasheets to the report. Close the
Select Datablocks for Datasheet window.
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12.0n the Report Manager window, you can see that you can
change the order in which the datasheets are presented in the
report, and you can edit the content as well. In addition, you
can change the name of the report. Change the name of this
report to Dehy Report.

=] Report Builder - Dehy Report od-@ \@
ReportName  BENAEESE Size: 0Pages
Report Datasheets: Printing
Sales Gas (Material Stream): Conditions [ Print

TEG Regenerator (Distillation): Design
Sase (Main) (Workb nit Ops ] Textto File
Delimited

Specs Only

I’ Preview. ]

’Formal/Laynul 5
InsertDatasheet.. | [ EditDetosheet. | [ Remove Detsheet | [ o | [« [ PrintSetup.

13.You can also change the format and layout of the report, as
well as the unit set used in the report. Click on the
Format/Layout button and select the Field Unit Set. This unit
set will now always be associated with this report. Close the
window.

14.You are now ready to Print or Preview the report. In this
case, we will not print the report to paper, but we will preview
it. Click the Preview button to see what the report would look
like when printed.

Note that user specified
values are identified on
the printout with an
asterisk, ‘*’ ,next to
them.

Save your case!
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Customizing the
Workbook

This topic was briefly covered in Modules 1 and 2. Additional detail
will be provided here.

While the report manager is a useful interface for generating
reports, it is not necessarily the most convenient method for
transferring results from UniSim Design to Microsoft Excel or other
tools, or even for printing the results directly from UniSim Design.

It is often easier to customize the workbook to generate the data
set that is desired and then use the copy-paste functionality in
UniSim Design to transfer the data to Excel for further editing or
printing from Excel.

In addition to the normal copy-paste functionality, UniSim Design
also allows the user to copy the data to the clipboard and include
the data labels as well. This greatly reduces the formatting that is
required to produce useful datasheets in Excel. This option is
accessed by selecting Copy with Labels on the Edit menu, or by
using the hot-key combination CTRL+SHIFT+C.

Additional Workbook
Customization

In modules 1 & 2, you learnt how to add an additional workbook
tab with customized properties. In this module, we will look at
some additional options.

Sorting the Streams

The default behavior in UniSim Design is for the workbook to be
sorted in the order that the objects were created. For example, the
first stream that was added to the PFD will be the first stream in
the workbook and the last stream created will be the last stream in
the workbook. There may be times when you would prefer an
alternate arrangement. This is easily accomplished with UniSim

Design. With the workbook open, simply open with Workbook
menu and select Order/Hide/Reveal Objects. Alternatively, you
can right-click on any object in the workbook and choose the
Order/Hide/Reveal option in the list that appears.

9.7



9.8

Reporting in UniSim Design

By clicking on the Ascending or Descending radio buttons in the
Sorting group box, you can direct UniSim Design to automatically
sort the objects alphabetically in ascending or descending order. If
you want to manually sort the objects to a particular order, simply
choose the Manual option.

The Order/Hide/Reveal window also allows you to hide streams
or operations that you are not interested in seeing. Simply select
the stream that you want hidden and press the Hide---> button,
the stream will move over to the Hidden column and will no longer
appear on the active tab of the workbook. For example, if you hide
the FWKO stream from the Material Streams workbook, it will still
be displayed on the other tabs (e.g. Composition).

Exercise 2

Continue to use the TEG Dehydration case used in Exercise 1.

1. Open the workbook and create a new Material Streams tab
following the procedure outlined in module 2.

2. Change the name of the new tab to Feeds&Products. Change
the properties that are displayed to include: Temperature,
Pressure, Mass Flow, and the Component Mass Flows for all the
components.

3. Use the Order/Hide/Reveal Objects view to hide all streams
except for the feed and product streams. The following streams
should be visible: Gas to Contactor, Sales Gas, Sour Gas,
Makeup TEG.

4. Use this workbook to ensure that the inflow of TEG (Makeup
TEG) and the outflow of TEG (Sales Gas and Sour Gas) are
equal.

5. Use the Copy With Labels option in UniSim Design to copy
this workbook tab to an Excel worksheet.

6. Add the Feeds&Products workbook tab to the PFD as a
workbook table.

Another useful feature of the workbook is the ability to reorganize
the data in an inverted format. In this format, the property names
are listed along the top of the workbook and the object information
is listed in rows instead of in columns. To view this format, simply
un-check the Horizontal Matrix checkbox in the lower left hand
corner of the workbook.

This alternate view is an easy way to view the data and also
provides another way of transferring the data to or from Excel.
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A full list of all hot-keys
is available by choosing
the Hot-key list option
on the Help menu.

@

Colour Scheme Icon

Adding Process Information
to the PFD

There are several ways to include process information with the
PFD. One way, as was demonstrated in the previous exercise, is to
add workbook tables to the PFD. You can also add stream tables to
the PFD to display information on specific streams.

Some other methods include:

SHIFT+P, SHIFT+T, SHIFT+N, SHIFT+M, SHIFT+F, SHIFT+R hot-
keys to display pressure, temperature, name, mass flow, mole
flow, and description, respectively.

By using a custom colour scheme you can highlight streams with
certain characteristics. For example, you can set up a colour
scheme to show all streams below 50 °C in the normal colour,
streams above 50 °C, but below 100 °C, in a cautionary colour
(maybe yellow) and streams above 100 °C in a warning colour
(maybe red).

Exercise 3 - Adding a
Custom Colour Scheme

1. Open the PFD view in the current case, if it is not already the
active view.

2. Click on the Colour Scheme icon in the upper right-hand
corner of the PFD window.

3. On the PFD Colour Schemes window that appears, click on
the Add a Scheme button.

4. The default variable is Temperature and we will use this
default in this exercise. Notice that there are several other
choices that we could also have used.

5. There are five colours that can be used. You can adjust the cut
points to create a colour scheme that will provide you with the
behavior that you desire. For this example, the lower three cut
points will not be changed. Only change the top cut point and
make it the same as the third cut point (100 °C or 212 °F). This
effectively reduces the colour scheme to a four colour system,
but this is fine for this case.
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Once this coluor scheme is active, you should see that the hottest
streams on the PFD are shown in red and the cooler streams have
other colours. The red streams should be: Regen Bttms, Regen
Feed, Sour Gas, Lean From L/R, TEG to Pump, Pump Out.

It is obvious when the PFD is drawn with this scheme that we are
pumping a very hot stream. This may not be recommended as it
may require special insulation, materials, or seals in the pump. The
process may be improved if the pump were moved to a position
after the E-100 exchanger where the TEG stream is much cooler.
This change could reduce the capital cost of the pump and
potentially reduce the maintenance costs as well.

Creating Multiple PFD's

In UniSim Design, you have the capability of creating multiple
PFD's for a single case. This can be a useful feature for very large
cases, or for smaller cases when combined with additional colour
schemes.

To create an additional PFD, open the PFD menu from the menu
bar, and select Add a PFD.

This will create an additional PFD. With the additional PFD, you can
return it to the default colour scheme, or change the stream label,
or the positioning of the operations. You can also hide streams
and/or operations on the second PFD to focus on a specific area of
the flowsheet. Note, however, that if you delete streams or
operations on either PFD, they will be deleted from the model.
Streams or operations can be hidden on separate PFD's, but they
should not be deleted.

It is important to note that both the original PFD and the second
PFD are linked to the real time data. Anytime that the data is
changed, this change will be reflected immediately on both PFDs.

Copying the PFD

Now that we have examined the process for adding process
information to the PFD and changing the colour scheme on the
PFD, we should examine the process for copying the PFD from
UniSim Design into other applications like Microsoft Excel™ or
Word™,
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This is a very simple process. With the PFD open in UniSim Design,
simply right-click on the background area. This will bring up the
'object inspection' window for the PFD. One of the options in this
menu is Copy Pane to Clipboard. Select this option and a second
window will appear; here you can choose the scaling factor. This
affects the size of the bitmap file that is copied to the clipboard.
Since it is possible to scale the graphic after it is imported into the
other application, it is not too critical which scaling factor that you
choose.

Once the pane is copied to the clipboard, go to the other
application (Word, Excel, Powerpoint, etc.) and paste (CTRL+V) the
clipboard image into that application.

The user should be aware that this process creates a static
'snapshot’ of the PFD. Once the image is copied, it is no longer
linked to the live data and any changes made to the UniSim Design
case will not be reflected on the copied image.

Exercise 4

1. Follow the steps described above to create a second PFD in the
current case.

2. For the second PFD, select the default colour scheme and hide
all of the operations except for the two exchangers.

3. Now hide all of the streams expect for the 8 streams directly
connected to the two heat exchangers.

4. Change the stream label to show the stream's temperature
instead of the stream's name.

5. Change the name of the second PFD to HX Summary.

6. Finally, use the Copy Pane to Clipboard functionality to
transfer a snapshot of the modified PFD into Microsoft Excel.
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Finding objects within
the model

Another useful tool for viewing data in UniSim Design is the
Simulation Navigator. This tool gathers all of the stream and
operation object property views into a common location.

To open the Simulation Navigator, either click on the Simulation
Navigator icon in the tool bar, or select Simulation Navigator
under the Flowsheet menu in UniSim Design.

Once the Simulation Navigator is open, you can see that all of
the operations and streams are grouped according to their
respective types. This allows you to quickly find streams if you
know the name of the stream. Likewise, it allows you to quickly
find the number of separators or columns in a model. Note that all
of the streams are listed here, including those that are not part of
the main flowsheet.

Now, the Simulation Navigator allows you to quickly view the
properties for a stream, if you know the stream's name. But, how
can you quickly find an object (stream or operation) on the PFD if
you only know the object's nhame? The Simulation Navigator and
the Workbook have a tool that is very useful for this exact task.

Once you have found the object with either the Simulation
Navigator or the Workbook, you can locate it on the PFD as
follows:

e From the Simulation Navigator, click the Find button
located above the object tree (Figure s)

e From the Workbook right-click on the stream name and
select Find in PFD.
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I& Flowsheet Summary

Filter Types Status Legend
Q) Object @ oK
Status @ Not Solved
Flowsheet D warming
® Under-Specified

¢ ® Error

+-@ Streams -
@ Vessels

+-@ Heat Transfer Equipment

5@ Rotating Equipment

L@ P00

+-@ Piping Equipment

UniSim Design will open the PFD, and zoom into the PFD so that
the selected stream or operation is in the centre of the view and
the attached objects are also visible. This allows the user to zoom
out to see a larger area on the PFD, while keeping the selected
object in the centre of the view.

Alternatively if you have the PFD of a flowsheet open and you know
that somewhere on that PFD there is a stream or flowsheet you
want to locate you can right click on the PFD background and
choose Select Objects. Find the object you require on the

Select Objects window that appears. Press OK and note that now
the object you choose is selected and flashing. If you cannot see
the selected object press the HOME key on the keyboard to zoom
the PFD on that object.
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Excel Tools for
Reporting

UniSim Design has a full OLE Automation interface. This feature
has been used to create a number of tools to allow interface
between UniSim Design and Excel. This module will focus on using
the Workbook dump macro.

1.

Open the workbook in the UniSim Design case. Customize the
Material Streams tab to add the Component Mole Fraction of
Water and the Mass Density to each stream. Ensure that the
Material Streams page is the active page on the workbook.

Locate the file UniSim Design WorkbookDump 1.0.1.xls
from your Starter disk and copy it to the hard drive of your
machine. Any convenient folder is fine.

Double click on the Excel Spreadsheet to open it. Make sure
macros are enabled in Excel.

You will see that all the workbooks available in the currently
open case are listed in the window on the Excel spreadsheet. If
they are not, click the Refresh Flowsheet List button.

Select the workbook for Case(Main) by clicking once on it, so it
is highlighted in blue.

Click the Dump Workbook button. You will see the Material
Streams page of the workbook being recreated in Excel. The
user input values are shown in blue, in addition to having an
asterisk next to them.

Now, switch to UniSim Design and make the Compositions
page of the Workbook the active page. Return to Excel and click
the Dump Workbook button again. Now, the Compositions
page is shown in Excel.
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Additional Excel Tools

Honeywell has other useful Excel tools:

UniSim Design Stream Reporter (USD-SR) allows material
stream conditions, properties and compositions to be easily
reported onto a spreadsheet to easily create a Heat and
Material Balance table, it also enables streams in different
cases to be conveniently compared.

UniSim Design Stream Reporter can be downloaded from
the UniSim Design Customer Support Centre at
http://unisim.supportportal.com.

UniSim Design Browser can be used to set up OLE
Automation links between UniSim Design and Excel without
the user needing to write any Automation code. The
Browser works by a series of custom Excel functions that
interact with UniSim Design, and a graphical front end to
simplify the writing of these functions. The functions can be
copied, pasted and manipulated as required without any
knowledge of VB programming.

UniSim Design Excel Interface Tool (USE-IT) can be used to
create and run case studies with UniSim Design with the
input and output data stored in Excel.

Since version R440 UniSim Design Browser has been
integrated into the USE-IT tool. This can be installed from

The Honeywell UniSim Design Suite installation files by
using the ‘Optional UniSim Components’ option on the setup
menu.


http://unisim.supportportal.com/
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Answers to Questions

Chapter 1 - Getting Started

QA.3

Page “ Question “ Answer
12 Normal Boiling Point of C7+, C7 and 110°C, 98.43°C, 125.7°C
C8 respectively
Ideal Liquid Density of C7+, C7 and 745.4 kg/m3, 686.8 kg/m3, 705.4 kg/m3
C8 respectively
Molecular Weight of C7+, C7 and 111.0, 100.2, 114.2
C8 respectively
22 Vapour Fraction of GasWell 2 @ 0.9872
7500 kPa and 10°C
Dew Point Temperature of 11.52°C
GasWell 2 @ 7500 kPa
Bubble Point Temperature of -34.29°C
GasWell 2 @ 7500 kPa
25 Critical Temperature and Pressure -11.98°C, 8984 kPa
for GasWell 2 respectively
36 Using the Envelope Utility:
Critical Point for GasWell 1 -1.079°C, 1.444e+004 kPa
ead in the Utility Design and/or Performance tabs
(Read in the Utility Desi d/or Perf tabs)
Cricondenbar (max pressure) for 1.630e+004 kPa
Gaswell 1 (Read in the Utility Design and/or Performance tabs)
Bubble Point Temperature for Approximately -48°C
GasWell 3 @ 6000 kPa (Read in the Utility Design and/or Performance tabs)
Dew Point Temperature for Approximately 98°
GasWell 1 @ 4000 kPa (Read in the Utility Design and/or Performance tabs)
GasWell 1 Temperature for 50% Approximately -32°C
Quality @ 8000 kPa (Read in the Utility Design and/or Performance tabs)
Hydrate Formation Temperature for Approximately 23°C
GasWell 2 @ 7500 kPa (Read in the Utility Design and/or Performance tabs)
36 Using the Workbook: (i.e. do an exact flash in the appropriate stream)
Bubble Point Temperature for -48.03°C
GasWell 3 @ 6000 kPa
Dew Point Temperature for 98.15°C
GasWell 1 @ 4000 kPa
GasWell 1 Temperature for 50% -32.2°C
Quality @ 8000 kPa
37 Using the Hydrate Formation
Utility:
Hydrate Formation Temperature for 21.1195°C
GasWell 1 @ 5000 kPa
Hydrate Formation Temperature for 23.0220°C

GasWell 1 @ 7500 kPa

QA.3




QA.4 Answers to Questions
Page “ Question “ Answer
Hydrate Formation Temperature for 20.6794°C
GasWell 2 @ 5000 kPa
Hydrate Formation Temperature for 22.6077°C
GasWell 2 @ 7500 kPa
38 Challenge: - Add the Property Table Utility for GasWell 3

Dew and Bubble Point calculations
on GasWell 3, at varying pressures,
using the Property Table Utility

- Variable 1 = Vapour Fraction, State (0, 1)

- Variable 2 = Pressure, Incremental (100 - 10000 kPa)

- Add Temperature as a Dep Prop

- Calculate

- On the Performance tab, view the table/plot for the points

Chapter 2 -
Propane Refrigeration Loop

Page “ Question “ Answer
6 Pressure of Stream 1 1720 kPa
10 Molar Flow Rate of Propane 107.9 kgmole/h
Pressure Drop across J-T valve 1469.20 kPa
Temperature of the valve outlet -19.21°C
(Stream 2)
13 Compressor Energy in hp 218.521 hp
29 Chiller Duty (compressor running at Note: first remove the given/calculated Chiller Duty
90% of max 250 hp and 72% 9.885 e+005 kl/h
efficiency)
29 Best Chiller Outlet Temperature This cannot be calculated directly. Since if the chiller outlet
achievable while still running the temperature is removed and the duty reentered the
Compressor at a reasonable simulation does not solve. This shows that UniSim Design
operating point (maintaining a cannot solve with every combination of variables, even
chiller duty of 1.5 MMBtu/hr) though the degrees of freedom of the problem is zero.
One way to do this is delete the compressor efficiency and
specify the chiller duty. Now specify a chiller outlet
temperature and manually iterate on this until the
calculated efficiency is “reasonable”. With this approach, a
temperature of -5 °C gives an efficiency of 78.337%.
Alternatively specify the efficiency and the chiller outlet
temperature (hence calculate a chiller duty) and then use
an Adjust operation to vary the chiller outlet temperature
(the Adjusted Variable) until the chiller duty (the Target
Variable) is 1.5 MMBtu/hr. This gives a chiller outlet
temperature of -1.967 °C with a 72% efficiency.
30 What effect, if any, does a 95/5 This blend is not as good a refrigerant and therefore less
mole % propane/ethane blend have efficient. This means to achieve the same chiller duty
on the refrigeration loop? requires a greater refrigerant flow rate and hence higher
Compressor and Condenser Duties.
30 Base Case: Flow = 107.9 kgmole/h




Answers to Questions QA.5

Page “ Question “ Answer
Condenser Q = 1.587e+006 kJ/h
Compressor Q = 218.5 hp
New Case (5% C2, 95% C3): Flow = 111.0 kgmole/h
Condenser Q = 1.62e+006 kJ/h
Compressor Q = 230.9 hp
31 Challenge: Stagel comp duty = 65.63 hp

After creating a two stage
refrigeration loop by adding an
Economizer, what is the net
compression in hp?

Stage2 comp duty = 112.33 hp
Net Compression = 65.63 hp + 112.33 hp = 177.96 hp

Chapter 3 -
Refrigerated Gas Plant

Page “ Question “ Answer
10 Flow rate of Gas to Chiller 1440 kgmole/h
11 What information is required for the Gas to LTS Temperature (the LTS Feed Temperature)
LTS separator to solve?
12 Pressure of Sales Gas 6125 kPa
Temperature of Sales Gas 10°C
15 Dew Point Temperature -19.8°C
Required dew point is -15°C, is the Current dew point (-19.8°C) is lower than the required
current dew point higher or lower? value of -15°C
Assume pressure is fixed, what Mole Fraction (composition) also affects dew point.
other parameter affects dew point?
How can we change the dew point Since dew point pressure is fixed in the simulation, the dew
in the simulation? point temperature can be modified by changing the Chiller
outlet (Gas to LTS) temperature. A change in Chiller outlet
temperature will change the composition (phase fraction)
of the Gas to LTS stream (it is a two phase stream going to
the separator).
19 What is the Chiller Outlet -15.18°C
Temperature to achieve the Dew
Point specification?
22 Flow rate of propane in the 156.9 kgmole/h
Refrigeration Loop Right click on sub-flowsheet icon and choose Open PFD to
view the Refrigeration Loop PFD.
23 Available UA for the Gas-Gas De-activate the Temp Approach spec and activate the UA

Exchanger is only 2e+005 kJ/°Ch.

Making the necessary modifications
to the exchanger design to achieve
this UA; how do these modifications

spec. Go to the Details page of the Performance tab to
view the temperature approach (Min. Approach) and LMTD,
which have increased.

Min Approach = 7.301°C (up from 5°C)
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Page “ Question “ Answer
affect the LMTD and Temperature LMTD = 9.151°C (up from 7.131°C)
Approach?
23 Challenge: -Delete the chiller in the main PFD and in the sub-
Replace the single-sided cooler flowsheet _
operation with the shell and tube -Ad_d a shell and tube heat exchanger operation on the
exchanger that will actually be in main PFD ) )
the plant. -Connect the streams from the main PFD to the shell side
of the new heat exchanger, and specify a Delta P of 35 kPa
-Connect the streams from the sub-flowsheet to the tube
side (on Design\Connections page of heat exchanger by
changing the tube side sub-flowsheet to the refrigeration
loop) and specify a Delta P of 7 kPa
26 What First Stage Compressor Outlet 800 kPa is the First Stage Compressor Outlet Pressure

Pressure (stream 4) will result in
the minimum power usage in the
Refrigeration Loop?

(stream 4) which results in 176.02 hp usage (the minimum
power usage in the Refrigeration Loop).

This can be observed by clicking the Results button in the
Case Studies Setup window and selecting either Table or
Graph format.

Chapter 4 -
NGL Fractionation Train

Page “ Question “ Answer
13 Mole frac of Methane in DC1 Ovhd 0.97
15 Flow rate of the overhead product, 1350 kgmole/h
DC1 Ovhd.
16 Flow rate of C2 and C3 in DC2 Btm C2=0.66; C3=106.1 kgmole/h
Ratio of C2/C3 0.66/106.15 = 0.00626
You can also allow USD to calculate the ratio for you by
adding a component ratio spec. To do so follow the
instruction on page 16 (points 3, 4 and 5). Leave the
component spec inactive for now but notice that the
current value is calculated for you regardless.
17 Flow rate of DC2 Ovhd 307 kgmole/h
18 Mole Fraction of C3 in overhead and C3 in DC3 Dist = 0.9207
bottoms products C3 in DC3 Btm = 0.2547
22 Challenge 1: UA is dependent on both sides of a heat exchanger. The

UA of the De-Methanizer Reboiler?

Create an internal stream in the
column flowsheet that represents
the liquid that flows from the
bottom tray of the reboiler, which
can then be added to a heat
exchanger in the main flowsheet.
Use steam to exchange heat with

column reboiler is similar to a heater + separator; can’t get
UA value from this configuration (can only get UA value
from a proper heat exchanger).

In column view (copy Reboiler tray 10):

-Go to column runner, flowsheet tab, add internal stream
-Select stage 10-main, type = liquid, check Export so that
the stream will appear in the main flowsheet, Run

In main view:
-Add a heat exchanger with the following connections; tube
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Page “ Question “ Answer
the process. side inlet=(internal stream added), tube side outlet=2,

shell side inlet=1 (steam), shell side outlet=3, Delta P for
shell side is 5 psi and tube side is 0
Add a Set operation (live data):
-Target = stream 2 (tube side outlet temperature)
-Source = DC1 Btm
UA of De-Methanizer Reboiler:
-Open the heat exchanger view, Details page of the
Performance tab
UA* = 7.11e+04 kJ/C-h
*If using Weighted Heat Exchanger Model, which is
recommended since the steam is condensing

23 Challenge 2: -Delete the pressure specification in stream DC3 Feed

Given additional geometry/size and
operating data for valve VLV-100,
use the P-F Relation specification
instead of Delta P.

Check that the valve stays within
the pressure range for stream DC3
Feed when operating at steady
state.

- In valve VLV-100:

-On Rating tab, Sizing page, set the Valve Manufacturer to
Universal Gas Sizing and characteristic to Linear

- On the Design tab, Parameters page, select P-F Relation
for Pressure Drop Parameters

-Enter Valve Opening and Conductance
Stream DC3 Feed Pressure = 1653 kPa

The pressure for stream DC3 Feed is within the acceptable
range when operating at steady state (1600 - 1800 kPa)

Chapter 5 -
Oil Characterization

Page “ Question “ Answer
14 The two lowest boiling points for the NBP[0]94* @ 94°C
hypocomponents NBP[0]186* @ 186°C
20 Why doesn’t the calculated The input assay data (Figure 3) does not include Light
hypocomponent data match the Ends, while the calculated data includes both
curve data supplied in Figure 3? hypocomponents and Light Ends.
21 Are the results from the BP Curves No, for the same reason.
Utility a good match for the input
assay data? Why?
22 Challenge: 50% Cut Point, TBP = 285.9°C

Calculated temperatures at the
50% and 75% cut points

75% Cut Point, TBP = 387.2°C

How do the results of the BP Curves
utility without Light Ends compare
to the input assay data?

Splitting the Light Ends from the hypocomponents using
the Component Splitter allows for a like for like comparison
of the calculated hypocomponent data versus the input
assay data. The results of the BP Curves utility without
Light Ends are a good match to the input data. For
example, at 50% the temperature input was 287°C versus
the calculated TBP of 285.9°C (very close).
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Answers to Questions

Chapter 6 -
Two-Stage Compression

Page “ Question “ Answer
11 Can the values in streams LD1 Out Since both LetDown valve outlets (also the recycle inlets)
and LD2 Out be used as the guess are known, these streams (LD1 Out and LD2 Out) are good
for the Recycle outlet? starting points for the Assumed stream (the guess for the
Recycle).
11 Valve Parameter Comparison:

LD1 Out (Temp, Press, Flow) 42.41°C (calc), 1725 kPa, 17.51 kgmole/h (calc)

LD2 Out (Temp, Press, Flow) 38.75°C (calc), 3450 kPa, 224.2 kgmole/h (calc)

Is Composition known for LD1 Out? Yes

Is Composition known for LD2 Out? Yes

15 How many iterations did each 1 iterations (RCY-1), 2 iterations (RCY-2)

Recycle need to converge? (Sort by Iteration on Tables page of Monitor tab — note the
number of iterations will depend on the starting values,
which will depend on the precise steps and values used to
build the simulation. However, both recycles should
converge with very few iterations).

How close are the Inlet and Outlet Identical or almost identical

stream variables for each Recycle?

Are the Vapour Fractions identical The Vapour Fractions are almost identical for RCY-1 and

for the Inlet and Outlet? RCY-2 (see Recycle Stream Comparison below)

15 Recycle Stream Comparison:

RCY-1 Inlet Vf = 0.1527
Outlet Vf = 0.1527

RCY-2 Inlet Vf = 0.2950
Outlet Vf = 0.2949

29 Are there any unit operations with The Simulation Balance Tool trace window reports “Mass

balance errors? Which ones?

NOT Balanced”. Open the Simulation Balance Tool and
notice the message: “"Run with Operations Exceeding
Tolerances”. Go to the Summary tab for a list of unit
operations with balance errors. The recycle unit operations
have the following balance errors.

RCY-1:

absolute and relative mass errors

relative mole errors

absolute and relative energy errors

absolute component errors (n-Hexane)

RCY-2:
relative mole errors
absolute energy errors

Why do you think these unit
operations have balance errors?

These recycles use an iterative numerical method to
achieve convergence therefore the solution accuracy
depends on the tolerances specified and the initial
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Page “ Question “ Answer
estimates.
Can you think of a way to reduce Tightening tolerances. Modify the appropriate sensitivity of
the errors? the Recycle operations on the Adjust/Recycle tab of the
Simulation Balance Tool.
29 Did reducing the sensitivity resolve Yes. Overall Mass Balance Monitor shows “Mass Balanced”
the balance errors? status indicating that the overall mass balance is satisfied
to within the tolerances specified by the user + SBT should
show no operations exceeding tolerances
How did it achieve this? This was achieved by tightening the tolerances so that the
recycles are converging to a higher accuracy.
35 Outlet pressure of Pipe-100 5900 kPa
44 Exercise 5: First delete the specified adiabatic efficiency and Stage 2
After adding a Compressor Curve Out pressure. _
for the Stage 2 Compressor, will the -Open the Stage 2 Compressor view and go to the Curves
existing Compressor be able to page on the Rating tab
achieve the outlet pressure desired -Click the Add Curve button and enter the Speed, Flow,
(6900 kPa)? Head and Polytropic Efficiency data provided in Exercise 5
ill the additi f a third ¢ -Close the window
Will the addition of a t |r? stage o -Select Polytropic Efficiency
compression be required? -Check “Activate” for the added curve and also
-Check “Enable Curves for SS”
-Click the Plot Curves button to view the operating point
within the curve
Stage 2 Out pressure = 6595 kPa
The existing compressor was not able to achieve the
desired outlet pressure of 6900 kPa and the addition of a
third stage of compression is required.
Perhaps with a faster compressor speed the desired outlet
pressure could be achieved, however we do not have other
compressor curves to run.
44 Challenge: Looks like your boss is right! Only one recycle block is

Can you reduce your convergence
time by eliminating one of the
recycle unit operations?

needed in this flowsheet, at the inlet to the IS Sep. Having
a single recycle block at the inlet to the IS Sep allows for
both recycle streams to be converged. The Recycle
Assistant also advises this recycle location and the deletion
of the old ones.

Chapter 7 -
AcCiC

Gas Sweetening w/ DEA

Page “ Question “ Answer
9 Flow rate of water in stream FWKO 14.32 kgmole/h
11 Concentration of H2S and CO2 in H2S = 0.0000

the Sweet Gas stream

CO2 = 0.001583

Note that for gas streams “concentration” almost always
refers to mole fraction.
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Page
15

“ Question

Flow rate of stream Makeup H20

“ Answer

0.7065 kgmole/h

(After closing the recycle loop this becomes 5.453
kgmole/h)

CO2 vol% in the Sweet Gas

0.1708 vol%

Note that for gas streams vol% does not refer to liquid
vol%. For gas streams volume fraction = mole fraction,
and thereby to calculate vol% multiply mole frac by 100.

CO2 (mole frac) = 0.001708
CO2 (vol%) = 0.001708*100 = 0.1708

H2S vol ppm level in the Sweet Gas

0.2391 vol ppm

Recall that volume fraction = mole fraction for gas
streams. The vol ppm of H2S can be calculated by either:

1. Multiplying the mole fraction of H2S by 1e6 using a
spreadsheet, OR

2. Changing the basis to mole flow which will display
more significant figures, then calculate:
(H2S mole flow/Total mole flow)*1e6

Have the following pipeline
specifications been met?

Less then 2 vol% CO2
Less than 4 ppm (volume) H2S

Yes, the pipeline specifications have been met:

CO2: 0.1708 vol% < 2 vol%
H2S: 0.2391 ppm (volume) < 4 ppm (volume)

Exercise 1:

What changes are necessary in the
simulation to double the flow rate of
gas to the plant?

More gas to the plant requires more amine.

-Double the flow rate of the Sour Gas (feed) stream
-Double the amines recirculation rate (Std Ideal Liq Flow)
in streams DEA to Cool and DEA to Contactor

-Double the Regenerator Reboiler Duty specification on the
Monitor page of the Design tab, since more amines require
more energy to regenerate. This is a very simple approach
and likely could be optimized.
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Natural Gas De

nydration w/ TEG

Page “ Question “ Answer
8 What is the Vapour Fraction of 0.9999
Stream Gas+H20? (it should be
less than 1.0 to ensure saturation)
9 How much water is removed by the 1.131 kg/h total stream flow
Separator? Read from the FWKO stream out of which
1.13074 kg/h H20 component mass flow
12 Flow Rate of Stream Makeup TEG -6.5234e-003kgmole/h
(After closing the recycle loop this becomes 4.7041e-004
kgmole/h)
16 Hydrate Temperature of the Sales 1.2385°C
Gas stream Copy the stream, switch to Peng Robinson fluid package
and add a Hydrate Formation Utility to the stream
How does the Hydrate Temperature Gas to Contactor stream Hydrate Temperature = 18.14°C
of the Sales Gas stream compare Sales Gas stream Hydrate Temperature = 1.2385°C
with the Hydrate Temperatur?e of The Sales Gas stream Hydrate Temperature is much lower
the Gas to Contactor stream: than that for the Gas to Contactor stream. Hydrate will not
form until a lower temperature for the Sales gas stream
since the water in this stream has been removed by the
TEG Contactor operation.
The higher the amount of water in a stream, the greater
the probability that hydrate will form near normal
operating temperatures. By removing the water (with
TEGIlycol for example) the temperature at which hydrate
forms is lowered, potentially out of operating temperature
range, and averting problems in the pipes.
19 What is the water dew point Sales Gas stream:
temperature of the Sales Gas water dew point temperature = -19.14°C
stream? pressure = 6155 kPa
Does it meet the required spec: The Sales Gas stream meets and exceeds the required
-10°C (-14°F) at 6155 kPa (900 spec.
psia)?
20 Exercise 1: Yes, the TEG concentration increases in the Regen Bttms;

SG to Regen enters as a feed to the
Regenerator Reboiler. Does the TEG
concentration in Regen Bttms
increase?

from 0.9115 to 0.9991

Less water in the Sales Gas stream results in improved
TEG recovery in the Regen Bttms stream.
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