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flowsheet appears below.
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The following pages guide you through building a UniSim Design case
for modeling this process. This tutorial illustrates the complete
construction of the simulation, from selecting a property package and
components, characterizing the crude oil, to installing streams and unit
operations, through to examining the final results. The tools available in
UniSim Design are utilized to illustrate the flexibility available to you.

Before proceeding, you should have read Chapter A - UniSim
Design Tutorials which precedes the Tutorials in this guide.

2.2 Steady State Simulation
2.2.1 Process Description

This example models a crude oil processing facility consisting of a pre-
fractionation train used to heat the crude liquids, and an atmospheric
crude column to fractionate the crude into its straight run products. The
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2-4 Steady State Simulation

Main Flowsheet for this process appears in the following figure.
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Preheated crude (from a preheat train) is fed to the pre-flash drum,
modeled as a Separator, where vapours are separated from the crude
liquids. The liquids are then heated to 650°F in the crude furnace,
modeled as a Heater. The pre-flash vapours bypass the furnace and are
re-combined, using a Mixer, with the hot crude stream. The combined
stream is then fed to the atmospheric crude column for separation.

The crude column is modeled as a Refluxed Absorber, equipped with
three pump-around and three side stripper operations. The Column
sub-flowsheet appears in the figure below.
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The main column consists of 29 trays plus a partial condenser. The
TowerFeed enters on stage 28, while superheated steam is fed to the
bottom stage. In addition, the trim duty is represented by an energy
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The Workbook displays
information about
streams and unit
operations in a tabular
format, while the PFD is
a graphical
representation of the
flowsheet.

stream feeding onto stage 28. The Naphtha product, as well as the
water stream WasteH20, are produced from the three-phase
condenser. Crude atmospheric Residue is yielded from the bottom of
the tower.

Each of the three-stage side strippers yields a straight run product.
Kerosene is produced from the reboiled KeroSS side stripper, while
Diesel and AGO (atmospheric gas oil) are produced from the steam-
stripped DieselSS and AGOSS side strippers, respectively.

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

The Workbook is used to build the first part of the flowsheet, from
specifying the feed conditions through to installing the pre-flash

separator. The PFD is then used to install the remaining operations,
from the crude furnace through to the column.

2.2.2 Setting Your Session
Preferences

1. Start UniSim Design and create a new case. The Simulation Basis
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Manager view appears.
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The default Preference

file is named UniSim Your first task is to set your Session Preferences.

Design.prf. When you

modify any of the 2. From the Tools menu, select Preferences.

preferences, you can ) .

save the changes in a The Session Preferences view appears.

new Preference file by . . . . .

clicking the Save The most important preference you will set is the unit set. UniSim

Sresf_eregcé Set buttin- Design does not allow you to change any of the default unit sets
niSim Design prompts . . . .

yOUu to provide a name listed, hovyever, you can create a new unit set by cloning an existing

for the new Preference one. In this tutorial you will create a new unit set based on the

file, which you can later UniSim Design Field set and customize it.

use in any simulation

case by clicking the 3. Click the Variables tab, then select the Units page.

Load Preference Set

button.

2-6



Refining Tutorial 2-7

4. In the Available Unit Sets group, select Field.

Session Preferences (unisimdesign.PRF) |Z]|E]|E|
anable: #vvailable Unit Sets
N Draft_CHTCE ~ Cl
Units EurcS| ] ong
Forrnats et
Field13 v
Unit et Mame ‘Fia\d Q
Display Uritz -
Unit o 25 iew ..
AT wiE
Act. Gas Flow i ACFW T
Act. Vol Flow bameliday |
Actual Liquid Flow USGPM | e
Actual Mass Density kg/m3 | ™ l
FiEE s ) =

o Simulation  Vanables | Reports JFiIas Resources J Extensions JDianut J Tray Sizing J_‘

Save Preference Set. Load Preference Set...

5. Click the Clone button.

A new unit set named NewUser appears and is automatically
selected as the current unit set.

6. In the Unit Set Name field, rename the new unit set to Field-
density.

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

7. In the Display Units group, use the vertical scroll bar to find the
Standard Density cell.

The current default unit for Standard Density is |b/ft3. A more
appropriate unit for this example is API_60.

8. Click in the Standard Density cell on Ib/ft3.

9. Press the SPACEBAR or the DOWN arrow to open the drop-down
list of available units.
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10. In the unit list, select API_60.

Figure 2.7
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11. Repeat steps #8-#10 to change the Mass Density units to API.

Figure 2.8
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12. Your new unit set is now defined. Close the Session Preference view
to return to the Simulation Basis Manager view.

2.2.3 Building the Simulation

Selecting Components

Before defining a fluid package in UniSim Design, you will create a
component list for the fluid package. In this example, the component
list contains non-oil components, Light Ends, and hypocomponents. You
must first add the non-oil components and Light Ends from UniSim
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Design pure component library into the component list.

1. Click the Components tab, then click the Add button. The
Component List View view appears.

Component List Yiew H=]
Add Component ~Selected Compaonents—————— ~Components &vallable in the Companent Library
B EDT”EDNEI_'][S atch “iew Filters |
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_<hubsies | || RS CaH10
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r-Pentane nCh CEH12
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- n-C11 Cil Cl1H24
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—
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Delete | Name IComponent List -1

There are a number of ways to select components for your
simulation. One method is to use the matching feature.

Notice that each component is listed in three ways on the Selected

tab:
Matching Method ’ Description
SimName The name appearing within the simulation.
FullName/ IUPAC name (or similar), and synonyms for many
Synonym components.
Formula The chemical formula of the component. This is useful
when you are unsure of the library name of a
component, but know its formula.
The Component List View At the top of each of these three columns is a corresponding radio
view contains two tabs. In button. Based on the selected radio button, UniSim Design will
this example, the . .
Selected tab is the only locate the component(s) that best matches the input you type in
tab used, because it the Match cell.
contains all the functions . . o .
you need to add 2. Optional: To rename the component list, click in the Name field at
components to the list. the bottom of the view and type a new name.

For this tutorial example, you will add the following non-oil
components: H20, C3, i-C4, n-C4, i-C5 and n-C5.

First, you will add H20 using the match feature.

3. Ensure the Sim Name radio button is selected, and the Show
Synonyms checkbox is checked.
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2-10 Steady State Simulation

4. Click in the Match field.
You can also move to the

Match field by pressing 5. Begin typing ‘water’. UniSim Design filters through its library as you
ALT M. type, displaying only those components that match your input.

~Companents Available in the Camponent Library

Match IWd Wiew Filters |
£ Sim Mame € Full Mame / Synonyr  Formula

Haa water H20

Maphthalene  ‘white_Tar C10HE

tdethanal wiood_Alcohol CH40O

ethanal Wiood_Maphtha CH40

W Show Synonyms [ Cluster

6. With Water selected, add it to the Current Component List by doing
one of the following:

e Press the ENTER key.

e C(Click the Add Pure button.

e Double-click on Water.

You can also use the Family Filter to display only those components
belonging to certain families. Next, you will add Propane to the
component list using a Family Filter:

(L = 7. Ensure the Match field is empty, and click the View Filter button.

P Package Fil . .
i The Filters view appears as shown on the left.

[ <nare> | 8. On the Filters view, check the Use Filter checkbox to activate the
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I~ | Wseriefined

Al
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Filters view
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9. Check the Hydrocarbons checkbox. The remaining components
are known to be hydrocarbons.

~Components Available in the Component Librar _
T —Property Package Filter—
Match : Vigw Fi ]
On the - I - L - T | Besommerded |l
Component = Sim Name £~ Full Mame # Synonym i~ Formula Im
View VieW/ Methane [} CH4 3
Propa ne T~ Ethane L2 LCz2HE ~—Family Type Filler————
™ Propane c3 C3HE .
appears i-Butane iCd C4H10 ¥ Use Filter
near the top || e 2 cie st
of the nPertane nL5 CoH12 I Solids
- f n-Hexane CE CEH14 I Miscellaneous
filtered list. nHeptane L7 C7H1E I Amines
ﬂ:gﬁmﬁ‘e Eg Egn;g I™ Alcohols
nDecane  CI0 Cl0H22 I” Ketones
n-C11 C11 C11H24 [ Aldehydes
ROz o2 Q2% o [ e
¥ Show Synonyms I Cluster :: E:T;;::ZACMS
™ Mitriles
I™ Phenals
I~ Ethers
I~ UserDefined
All
Irvvert |
The Match feature 10. Double-click Propane to add it to the component list.
remains active when you _ o _ )
are using a family filter, Next you will add the remaining Light Ends components i-C4
f?p‘é%“ccgfédtﬁzvﬁaiLsﬁ through n-C5. The following procedure shows you quick way to add
field and then added it components that appear consecutively in the library list.

to the component list. 11. Click on the first component to be added (in this case, i-C4).

12. Do one of the following:

To select consecutive e Hold down the SHIFT key and click on the last component, in
components, use the this case n-C5. All components i-C4 through n-C5 are now
SHIFT key. selected. Release the SHIFT key.

To select non- e C(Click and drag from i-C4 to n-C5. Components i-C4 through to
consecutive components, n-C5 are selected.

use the CTRL key.
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The Simulation Basis
Manager allows you to
create, modify, and
otherwise manipulate
e e o
Wﬁﬁ'm@rcﬁecfé’&;\&n%e
BRIEPIE yERUERAUIre
eRYhER] A IHaRREkFIe
Y AP Rage by
tY/pHEtPRew name in
the Name field at the
bottom of the view.

13. Click the Add Pure button. The selected components are
transferred to the Selected Component group.

~Selected Components—————
LE.

B o remove a

i-Butane

n-Butane component from the

iPentane

nFentane — Current Components
—l List, select it and

click the Remove
button or press the
DELETE key.

<-Substitute->

Remove--»

Sork List
Wiew Companent

The complete list of non-oil components appears in the figure
above.

14. Close the Component List View and Filters views to return to the
Simulation Basis Manager view.

On the Components tab, the Component Lists group now contains
the name of the new component list that you created.

Defining a Fluid Package

In the Simulation Basis Manager view, your next task is to define a fluid
package.

UniSim Design displays the current Environment and Mode in
the upper right corner of the view. Whenever you begin a
new case, you are automatically placed in the Basis
environment, where you can choose the property package
and non-oil components.

A fluid package contains the components and property methods that
UniSim Design will use in its calculations for a particular flowsheet.
Depending on what is required, a fluid package can also contain other
information, such as a petroleum fluid characterization.

The fluid package for this example will contain the property package
(Peng Robinson), the pure components H20, C3, i-C4, n-C4, i-C5, n-C5,
and the hypothetical components which are generated in the Oil
characterization.

1. Click the Fluid Pkgs tab, then click the Add button. The Fluid
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Package: Basis-1 view appears.
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This view is divided into a number of tabs that allow you to supply
all the information necessary to completely define the fluid
package. For this tutorial, however, only the Set Up tab is used.

On the Set Up tab, the currently selected Property Package is
<none>. Before you begin characterizing your petroleum fluid, you
must choose a property package that can handle hypothetical

components.
2. Select the Peng Robinson property package by doing one of the
following:
e Type Peng Robinson. UniSim Design finds the match to your
input.

e Use the up and down arrow keys to scroll through the list of
available property packages until Peng Robinson is selected.

e Use the vertical scroll bar to scroll through the list until Peng
Robinson becomes visible, then click on it.
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The Fluid Package: Basis - 1 view appears as shown below.

Froperty Package Selection EDS Enthalpy Method 5 pecification:
Graysan Sheed & | Propetty Package Filter {+ Eguation of State
Infochem kultiflash O Lee-kesler
Kabadi-Danner @ AlTypes =
Lee-KeslerFlocker ¢ EOSs -Peng Robinson Options
Margules " Activity bodels & Unsi £
mg;u?team (" Chao Seader Models (: UniSim Design
Naotes Black Oi | 7 Wapour Press Models Standard
NRTL " Miscellaneous Types = 3
0Ll Elechialute b [~ Use EOS Density W Modifiy H2 Te and Pe
b I Smooth Liguid Density
E Advanced Thermodynamics
Companent List Selection 1
7 : I~ UniSim Therma :
| Component List - 1 LI Wiew... E
- Set Up | Parameters J Binary Coeffs J StabTest J Phage Order JF!Hns T abular J Motes
Dete | Hame [Basi R —T

The Property Pkg indicator now indicates Peng Robinson
is the current property package for this fluid package.

Alternatively, you could have selected the EOSs radio button in the
Property Pkg Filter group. The list would then display only those
property packages that are Equations of State. Peng Robinson
would appear in this filtered list.

If you have multiple fluid In the Component List Selection group, you could use the drop-
packages and components down list to find the name of any component lists you had created

lists in a case, you can
use the drop-down list in (currently empty).

the Component List The View button opens the Component List View view of the
Selection group to attache

a component list to a selected component list.

particular property
package.

If the selected component list contains components not
appropriate for the selected property package, UniSim
Design opens the Components Incompatible with Property
Package view. On this view, you have the options of UniSim
Design removing the incompatible components from the
component list or changing to a different property package
using the drop-down list or the Cancel button.
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3. Close the Fluid Package: Basis - 1 view to return to the Simulation
Basis Manager view.

sk R - | [%||

Current Fluid Packages Flowsheet - Fluid Plkg Associations

I Wiew... Flowchest Fluid Pkg To Use
I Case [Main] Basis-1
Add
Delete:
Detault Fluid Pkg Basis-1 = 1
Impoit.
“Fluid Phkg for New Sub-FlowS heets
Erport | & i3 Defaul Fidid Prg
" Use Parent's Fluid Pkg

Components  Fluid Pkgs | Hypotheticals ]EllIManagel ]Hea:lluns J Component Maps J UseiProperty ]

Enter Simulation Environment, |

The list in the Current Fluid Packages group displays the new fluid
package, Basis-1, showing the number of components (NC) and
property package (PP). The new fluid package is assigned by default
to the main flowsheet, as shown in the Flowsheet-Fluid Pkg
Associations group.

Creating Hypocomponents

Your next task is to create and add the hypocomponents to the
component list. In this example, you will characterize the oil (Petroleum
Fluid) using the given Assay data to create the hypocomponents.

Characterizing the Oil

In this section, you will use the following laboratory Assay data:

Bulk Crude Properties

MW 300.00
API Gravity 48.75
i-Butane 0.19
n-Butane 0.11
i-Pentane 0.37
n-Pentane 0.46
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TBP Distillation Assay

Liquid Volume Temperature (°F) Molecular Weight
Percent Distilled

0.0 80.0 68.0
10.0 255.0 119.0
20.0 349.0 150.0
30.0 430.0 182.0
40.0 527.0 225.0
50.0 635.0 282.0
60.0 751.0 350.0
70.0 915.0 456.0
80.0 1095.0 585.0
90.0 1277.0 713.0
98.0 1410.0 838.0

API Gravity Assay

Liq Vol% Distilled API Gravity
13.0 63.28
33.0 54.86
57.0 45.91
74.0 38.21
91.0 26.01

Viscosity Assay

Liquid Volume Viscosity (cP) 100°F Viscosity (cP) 210°F
Percent Distilled

10.0 0.20 0.10

30.0 0.75 0.30

50.0 4.20 0.80

70.0 39.00 7.50

90.0 600.00 122.30

Accessing the Oil Environment

The UniSim Design Oil Characterization procedure is used to convert
the laboratory data into petroleum hypocomponents.
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) ) 1. On the Simulation Basis Manager view, click the Oil Manager tab.
The Associated Fluid

Package drop-down list

package is used for the

oil characterization. T Sy p— HE =
Since there is only one

fluid package, UniSim Associated Fluid Package: IBaS‘S'1 -

Design has made ~hssociated Flow Sheet

Basis-1 the Associated Associate Flows heet Fluid Pkg In Usze .

Fluid Package. ~ Case (Man) Bass] Tao Enter the Oil environment, There must be a

Fluid Package and the aszociated Property Package

must be able to handle Hypa Components

Components I Fluid Pkgs I Hypotheticals DilManagelI Fieactions I Component Maps I UserProperty ]

Enter Simulation Environment... |

The text on the right side of the view indicates that before entering

the Oil Environment, two criteria must be met:

e at least one fluid package must be present. In this case, only
one fluid package, Basis-1, is selected.

e the property package must be able to handle Hypothetical
Components. In our case, the property package is Peng
Robinson, which is capable of handling Hypothetical
components.

Since both criteria are satisfied, the oil is characterized in the Oil
Environment.

H 2. To enter the Oil Characterization environment, do one of the
following:
Oil Environment icon o cligk the Enter Oil Environment button on the Oil Manager
tab.

The Oil Characterization e click the Oil Environment icon on the toolbar.

view allows you to
create, modify, and
otherwise manipulate
the Assays and Blends
in your simulation case.
For this example, the oil
is characterized using a
single Assay.
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The Oil Characterization view appears.

Figure 2.17
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In general, three steps must be completed when you are characterizing
a petroleum fluid:

1. Supply data to define the Assay.
2. Cut the Assay into hypothetical components by creating a Blend.
3. Install the hypothetical components into the fluid package.

Defining the Assay

UniSim Design has 1. On the Assay tab, click the Add button to create and view a new

given the new Assay ;
the default name of Assay. The Assay view appears.

Assay-1. You can
change this by typing a Figure 2.18
new name in the Name

field. Aszszay-Asszayp-1 [_[O[ =]

Liszay Definition Input D ats

Bulk Pioperties I Mot Used vI
Assay Data Type I MNone 'I

Light Ends Handling & Bulk Fitting Options |

e
Input Datal Caloulation Defaults I Working Curves I Plots I Caonelations I User Curves I Hotes |

Delete | DName: IASSB.V'” | Agzay Was Mot Calculated Caloulate

When the property view for a new Assay is opened for the first time,
the view contains minimal information. Depending on the Assay
Data Type you choose, the view is modified appropriately. For this
example, the Assay is defined based on TBP data.
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2. From the Assay Data Type drop-down list, select TBP. The view is
customized for TBP data.

AssayAssay-1 =l
—&zzap Definition ~Input Dats
Bulk Propertizs lm Assay Basis Male j'
Assay Data Type Azsay Percent ek
Light Endz I lgnore vI
Malecular W Curve I Mt Used vl
Density Curve Im
Wizcasity Curves I Mot Used vl
TEF Distillation Condition:
’7 i Atmosphenc £ Vacuum
Light Ends Handling & Bulk Fitting Options | Edit Assay... I I TS e ae ety
N Input Datal Calculation Defaults I “Working Curves I Plats I Correlations I User Curves I Hotes |
Delete | Mame: W [ Aszay Was Mat Calculated Calculate

The next task is to enter the composition of the Light Ends in the
Assay.

3. From the Light Ends drop-down list, select Input Composition.
In the Input Data group, select the Light Ends radio button.

5. Ensure that Liquid Volume% is selected in the Light Ends Basis
drop-down list.

6. Click in the Composition cell for i-Butane.

7. Type 0.19, then press the ENTER key. You are automatically
advanced down one cell to n-Butane.



2-20

Input Data———

£ Bulk Props
+ Light Ends
¢~ Distillation
= Molecular it
€ Dengity
= Viscozitl
 Viscosity2

Steady State Simulation

8. Type the remaining compositions as shown. The total Percent of

Light Ends in Assay is calculated and displayed at the bottom of the
table.

Assay:Assay-1 !E E
—Azsay Definitiar Input Data
Bulk Properties Mot Used - % Light Ends Light Ends Basis | Liquid Yalume % =
" Distilation
Azzap Data Type TEP -7 B i NEP
Light Ends | Composition Il
Light Ends Input Composzition = HzO 0.0000 2120
m Propans 0.0000 -43.78
Maolecular ', Curve | Mot Use e ANE HEE
Density Curve Mot Uzed A n-Butane 01100 31.10
-Pentans 03700 82218
‘izcosity Curves Mot Us=d i -Pentane 04600 96.91
TEF Distillation Condition
’7 % Atmospheric ™ Wacuum
Light Ends Handling & Eulk Fitting O ptions
| Percent of Light Ends in Assay E 1.1300
Input Dalal Calculation D efaults I ‘working Curves IF‘IDts I Corelations I IJser Curves I Motes |
Delete Mame: IASSG}"1 [ Assay Was Nat Calculated Calculate |

Before entering any of the assay data, you must activate the
molecular weight, density, and viscosity curves by choosing
appropriate curve types in the Assay Definition group. Currently,
these three curves are not used.

From the Bulk Properties drop-down list, select Used. A new radio
button labeled Bulk Props appears in the Input Data group.

10. From Molecular Wt. Curve drop-down list, select Dependent. A new

radio button labeled Molecular Wt appears in the Input Data
group.

11. From the Density Curve and Viscosity Curves drop-down lists, select

Independent as the curve type. For Viscosity, two radio buttons
appear as UniSim Design allows you to input viscosity assay data at
two temperatures.

Your view now contains a total of seven radio buttons in the Input
Data group. The laboratory data are input in the same order as the
radio buttons appear.

In the next few sections, you will enter the following laboratory assay
data:

e bulk molecular weight and density

e TBP Distillation assay data

e dependent molecular weight assay data

e independent density assay data

e independent viscosity assay data (at two temperatures)
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Entering Bulk Property Data

1.

2.

Select the Bulk Props radio button, and the bulk property table
appears to the right of the radio buttons.

Click in the Molecular Weight cell in the table. Type 300 and press
ENTER. You are automatically advanced down one cell to the
Standard Density cell.

In the Standard Density cell, enter 48.75 and press SPACE BAR.
To the right of the cell, a field containing the current default unit
associated with the cell appears. When you defined the new unit
set, you specified the default unit for standard density as API_60,
which appears in the field.

Asgzay-Asszap-1 M= E3
—hzzay Definition ~Input D ata =
Molecular 'weight 300.0
Bulk Properties I Used 'I % Bulk Props Chandard Dersity 45,75 AP B0
€ Light Ends Watson LIOPK <emphy>
#ssay Data Type S = Distillation Wizcosity Tupe Ciynamic
Light Ends I Input Composition vl  Molecular Wit Wigzosity 1 Temp 100.0F
€ Density Wizcozity 1 <Emptys
Molecular t. Curve I Dependent vI  Wiscasi] tiscos!w g Temp 210.0F
i i Izzosity <emphy>
Denzity Curve I Independent vl £ Viscosiy2

“igcosiy Curves I Independent vI

TEF Digtillation Condition
’7 i+ Atmospheric " Wacuum

Light Ends Handling & Bulk Fitting Options |

- -
Input Datal Calculation Defaults I “Working Curves I Plats I Correlations I User Curves I Hotes |

Delete | Mame: IASSG.V'1 [ Aszay Was Mat Calculated Calculate

4,

Since this is the correct unit, press ENTER, and UniSim Design
accepts the density value.

No bulk Watson UOPK or Viscosity data is available for this assay.
UniSim Design provides two default temperatures (100°F and
210°F) for entering bulk viscosity, but these temperature values are
ignored unless corresponding viscosities are provided. Since the
value for bulk viscosity is not supplied, there is no need to delete or
change the temperature values.

Entering Boiling Temperature (TBP) Data

The next task is to enter the TBP distillation data.

1.
2.

Click the Calculation Defaults tab.

In the Extrapolation Methods group, select Lagrange for each
method using the drop-down lists.

Return to the Input Data tab.

2-21



2-22

Steady State Simulation

® N o w

©

10.

Select the Distillation radio button. The corresponding TBP data
matrix appears. UniSim Design displays a message under the
matrix, stating that ‘At least 5 points are required’ before the assay
can be calculated.

From the Assay Basis drop-down list, select Liquid Volume.
Click the Edit Assay button. The Assay Input Table view appears.
Click in the top cell of the Assay Percent column.

Type 0 then press ENTER. You are automatically advanced to the
corresponding empty Temperature cell.

Type 80 then press ENTER. You are automatically advanced down
to the next empty Assay Percent cell.

Repeat steps #8 and #9 to enter the remaining Assay Percent and
Temperature values as shown.

Aszay Input Table | x|

—hssay Input Data

Azzay Percent Temperature
[%] [F]
0.0000 80.00
10.00 255.0
20.00 3430
20.00 430.0

40.00 527.0
50.00 B35.0
E0.00 7810
70.00 g15.0
2000 1095
40.00 1277
55.00 1410
<emphy Lemphys

Allinput curves except distillation are on midpoint
basis. Dependent curves will be shifted ta middle,

Cancel | oK |

11

. Click the OK button to return to the Assay property view.

Entering Molecular Weight Data

1.

3.
4.

Select the Molecular Wt radio button. The corresponding assay
matrix appears. Since the Molecular Weight assay is Dependent, the
Assay Percent column displays the same values as those you
entered for the Boiling Temperature assay. Therefore, you need only
enter the Molecular Weight value for each assay percent.

Click the Edit Assay button and the Assay Input Table view
appears.

Click on the first empty cell in the Mole Wt column.
Type 68, then press the down arrow key.
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5. Type the remaining Molecular Weight values as shown.

Aszay Input Table [ x|

—&ssay Input Data
Assay[;;alcent Mole it
0.0000 E5.00
10.00 1130
20.00 150.0
30.00 1820
40.00 225.0
50,00 2820
E0.00 350.0
70.00 456.0
20.00 585.0
30.00 713.0
98.00 g35.0

Allinput curves except distillation are on midpoint
basis. Dependent curves will be shifted to middle,

Cancel | 0K |

6. Click the OK button when you are finished.

Entering Density Data

1. Select the Density radio button. The corresponding assay matrix
appears. Since the Density assay is Independent, you must input
values in both the Assay Percent and Density cells.

2. Using the same method as for the previous assays, enter the API
gravity curve data as shown here.

Assay Input Table | x|

—fizzay Input Data

Azzay Percent Magz Dengity
[%] [&F]
13.00 E3.28
33.00 54.66
57.00 45.91
74.00 |
91.00 260
< ernphys < ernphy

Allinput curves except distilation are on midpaint
basiz. Dependent curves will be shifted to middle.

LCancel | oK |

Entering Viscosity Data

1. Select the Viscosity 1 radio button. The corresponding assay
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Click the Edit Assay
button to access the
Assay Input Table.

Input Data
" Bulk Frops
¢ Light Ends Wiscosity Type I Diypharic: vl
 Distilation
1 Molecular Wt Temperature I1 00.0 &
i Dengity - -
g Viscosity] Azsap Percent ISFCDPSFV
i ity
. see 10.00 0.2000
Wiscosity Curve: 30.00 07500
i~ Use Curve 1 50,00 4200
"~ UseCurve 2 70.00 3900
B Wl 3000 5000
{EditAssa.
[ TabeicReady |

matrix appears.

In the Viscosity Type drop-down list above the assay matrix, ensure
Dynamic is selected.

In the Viscosity Curves group, select the Use Both radio button.
The Temperature field is for each of the two viscosity curves.

Input the Viscosity 1 assay data as shown here. This viscosity curve
corresponds to Temperature 1, 100°F.

Select the Viscosity 2 radio button.

Enter the assay data corresponding to Temperature 2, 210°F, as
shown.

Azzay Input Data
Aiszay Percent “iscosity
[#%] [cF]
10.00 0.1000
20,00 10,3000
50,00 08000
F0.00 7.500
30,00 1223
<empty: <emphy

The Assay is now completely defined based on our available data.

Click the Calculate button at the bottom of the Assay view. UniSim
Design calculates the Assay, and the status message at the bottom
of the view changes to Assay Was Calculated.
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The plot view can be re-
sized to make the plot
more readable. To re-size
the view, do one of the
following:

e Click and drag the

outside border to the
new size.

e Click the Maximize
icon.

[=]

Maximize icon

8. Click the Working Curves tab of the Assay property view to view
the calculated results.

Figure 2.27

Assay:Assay-1 =]
Aszay Working Cur
. NEP Mazs Density | Viscosity 1 Viscosity 2| «
Point Males Cum. Moles ] Male 't AP [P P j
] 0.00000 0.00000 96.91 7718 9293 07129 0.081
1 0.01000 0.01000 117.7 3212 8996 0135 0.054
2 0.01000 0.0:2000 143.4 105.3 85.58 0142 0.068
g 0.01000 0.03000 164.7 1167 2261 07143 0.0z
4 0.01000 0.04000 1815 126.6 7978 0.157 0.077
5 0.01000 0.05000 158.0 1361 ] 0765 0.0#
B 0.01000 0.06000 2134 138.6 74.85 0174 0.036
7 0.01000 007000 2207 1421 F272 0783 003
g 0.01000 0.08000 241.3 145.6 7079 0794 0.037
g 0.01000 0.03000 2529 1431 E3.01 0.205 0102
10 0.01000 070000 261.4 1527 EF.37 0216 0108
11 0.02500 012500 28349 1EE.4 E4.84 0,250 0125
12 0.02500 0.15000 308.4 170.3 E3E3 0291 0143
13 0.02500 017500 3285 17a.8 E2E4 0340 0164
14 0.02500 0.20000 3491 1876 E1.58 0.400 GRECA
Input D ata I Calculation Default:  Whorking Curves | Flots I Corelatiors I Usger Curves I Mates |
Dekte | Mame: [Assay O Cs-u: |

UniSim Design has calculated 50 points for each of the Assay
Working Curves.

9. To view the Assay data you input in a graphical format, click the
Plots tab. The input curve that appears is dependent on the current
variable in the Property drop-down list. By default, UniSim Design
plots the Distillation (TBP) data. This plot appears below.

Figure 2.28

Assay:Assap-1

1M [=] E3

~Property Selectian

Property:

Input TBP Distillation - Assay-1

Digtillation

=

Temperature (F)

nmm

—+— TEP

=

00N 00 AW [O 40 N @m
Liguid “olume Percent

700 Wm  Mm  mo

N Input D ata I Calculation Defaults I “Working Curves Plolsl Correlations I User Curves INotes]

_ Dokt | Hame: ey L AssayWiasCaolated |

The independent (x-axis) variable is the Assay percent, while the
dependent variable is the TBP in °F. You can view any of the other
input curves by selecting the appropriate variable in the Property
drop-down list.
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The remaining tabs in the Assay property view provide access to
information which is not required for this tutorial.

10. Close the Assay view to return to the Oil Characterization view.

Cutting the Assay (Creating the Blend)

Now that the assay has been calculated, the next task is to cut the
assay into individual petroleum hypocomponents.

Click the Cut/Blend tab of the Oil Characterization view.

2. Click the Add button. UniSim Design creates a new Blend and

displays its property view.

Blend: Blend-1 M=l E3
—Aszap Selection and Oil Informatior ~Cut Rang
Aailable Assaps Oil Flow Information [Cut Optian Selection At Cut - I

Agsay-1 ail Flow Units Flow Rate |

Add---> Z—Femave

Bl Dt |

-
Datal Corelatiorss ITabIasl Property Plat I Distribution Plot I Composite Plot I Plot Summary INotes]

Delete Mame:  |Blend-1 [ Elend 'as Mat Calculated

In the list of Available Assays, select Assay-1.

4. Click the Add button. There are two results:

e The Assay is transferred to the Oil Flow Information table.
(When you have only one Assay, there is no need to enter a Flow
Rate in this table.)

e A Blend (Cut) is automatically calculated based on the current
Cut Option.

In this case, the Blend was calculated based on Auto Cut, the

default Cut Option. UniSim Design calculated the Blend based on

the following default values for the boiling point ranges and number

of cuts per range:

e IBP to 800°F: 25°F per cut, generating [(800-IBP)/25]
hypocomponents

e 800 to 1200°F: 50°F per cut, generating 8 hypocomponents

e 1200 to 1400°F: 100°F per cut, generating 2 hypocomponents

The IBP, or initial boiling point, is the starting point for the first

temperature range. The IBP is the normal boiling point (NBP) of the

heaviest component in the Light Ends, in this case n-Pentane at
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Since the NBP of the
heaviest Light Ends
component is the
starting point for the cut
ranges, these
hypocomponents were
generated on a “light-
ends-free” basis. That is,
the Light Ends are
calculated separately
and are not included in
these hypocomponents.

5.

96.9°F. The first range results in the generation of (800-96.9)/25 =
28 hypocomponents. All the cut ranges together result in a total of
28+8+2 = 38 hypocomponents.

Click the Tables tab to view the calculated properties of these
hypocomponents.

Blend: Blend-1 M=l E3
Table Type—| ~Campaonent Physical Properti
Component Properties = MEP Dienszity Wiscosityl Vigcosiy? | a
I —I Comp Mame I tale bt 1API] [P P —I
- Table Cantrob———————— NEP_111 111.2 2207 9255 012785 | 5.99459-00;
& Main Pioperties NEP_13E 136.0 89.45 q1.24 0.13306 | B.3050e-00;
¢~ Other Properties NEP_1E1 160.8 1059 85.75 014056 | 6.7445e-00;
i NEP_185 1849 1224 .14 015061 | 7.3233e-00;
lm NEFP_210 210.4 137.4 7683 016332 | 8.0375e-00;
NEP_236 2357 1448 7282 017922 | 8905800,
NEP_259 259.3 1527 E3.88 0.20002 0.10003
NEP_287 2872 160.9 6619 0.22056 011042
NEP_311 1.0 170.4 E4.0 0.25354 012621
NEP_336 3358 178.4 EZ5E 0.30503 0.14355
NEP_361 360.8 1835 B1.27 0.37361 017734
NEP_326 386.0 201.4 53.89 0.46242 021164
MRP 411 41n9 M43 R7 73 N R7R7A M 2RN34 LI

B Dalal Corelatiorss Tablesl Property Plat I Distribution Plot I Composite Plot I Plot Summary INotes]

Delete | Mame: [Blend- L BlendWasCeleulsted ]

N o

These components could be used in the simulation. Suppose,
however, that you do not want to use the IBP as the starting point
for the first temperature range. You could specify another starting
point by changing the Cut Option to User Ranges. For illustration
purposes, 100°F is used as the initial cut point.

Return to the Data tab.

From the Cut Option Selection drop-down list, select User Ranges.
The Ranges Selection group appears.

In the Starting Cut Point field, enter 100°F. This is the starting
point for the first range. The same values as the UniSim Design
defaults are used for the other temperature ranges.

In the Cut End point T column in the table, click on the top cell
labeled <empty>. The value you will enter in this cell is the upper
cut point temperature for the first range (and the lower cut point for
the second range).

10. Type 800 then press ENTER.
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UniSim Design has
provided the Initial
Boiling Point (IBP) and
Final Boiling Point (FBP).
The IBP is the normal
boiling point (NBP) of
the heaviest component
in the Light Ends (in this
case, n-Pentane). The
FBP is calculated by
extrapolating the TBP
Assay data to 100%
distilled.

11. Enter the remaining cut point temperatures and the number of cuts
values as shown in the figure below.

~Cut Rang

Cut Option Selection I User Ranges vl

~Ranges Selection—————————————————————

[Lower Temp Limit | 96.906F |

|Uppe| Temp Limit | 1446.828 F |

Starting Cut Point IT 00000 F

Cut End paint

& Mumn. of Cuts

800.000 28 Submit
1200.000 8 _I
1400.000 2

LEMphy:

12.0nce you have entered the data, click the Submit button to
calculate the Blend based on the current initial cut point and range
values. The message Blend Was Calculated appears in the status

bar.
13. Click the Tables tab to view the properties of the petroleum
hypocomponents.
Blend: Blend-1 =] E3
Table Type Campaonent Physical Properti
I Component Properties j MNEP Density Wiscosityl Wizcosiy2 :I
Comp Mame ] tale bt 1API] [eP] P
Table Control——————— | ™ NBP_113 132 83.20 9174 013132 | 201900,
& #dain Propertiss NEP_133 1386 56.04 8873 013704 | 6538700
¢~ Other Properties NBP_164 1636 1108 84.10 0.14511 | 7.0080e-00;
il NEP_188 1876 1256 20,08 015577 | 7615500
é‘ e — NBP_213 2128 137.4 7EM 016913 | 5.3580e-00;
end NBP_238 2382 1434 7213 0.18502 | 9.2685e-00;
NEP_261 260.8 1609 EB.23 0.20947 010485
NEP_289 2891 1626 65.36 0.23898 0.11942
NEP_313 30 163.7 E3.90 0.27730 013755
NEP_338 3377 1784 E2.67 0.33524 016232
NBP_362 3625 1896 51.35 041217 0.19258
NEP_388 3876 2.5 59.74 051187 0.22837
NRP 417 4177 47 R7 37 N RAMZR GETCrCaM|

i Dalal Corelatiorss Tablesl Property Plat I Distribution Plot I Composite Plot I Plot Summary INotes]

Delete | Mame: [Blend- L BlendWasCeleulsted ]

Use the vertical scroll bar to view the components which are not
currently visible in the Component Physical Properties table.

Viewing the Qil Distributions

1. To view the distribution data, select Oil Distributions from the Table
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Type drop-down list. The Tables tab is modified as shown below.

Blend: Blend-1 E =] E3
Table Type —Cut Input Infarmatio ~Cut Distribution;
I il Digtributions j erms ErEg] 1 ﬂ e Be[gF\T T En[g] T Fraction
rTable Contol——————— | [] Dff Gas | 5000 LtStRun | 1003 | 158.0| 0.032
Easis: [ Liquid ol = Lt St Run 158.0 Maphtha 158.0 356.0 0172
gl KU oune Naphtha | 356.0 Kemsene | 3560 | 4640 0129
il Kerozens 464.0 Light Diegel 464.0 554.0 0.089
é‘ r = Light Diesel 054.0 Heavy Diesel a54.0 E44.0 0.0a3
£l Heavy Dizsel | E44.0 AtmGas Ol | 6440 6980 0049
At Gag Oil E38.0 Fiesidue E38.0 1441 0.444
Residus 2192 | =]
& {Shaight Fun
i Cycle 01l
£ Wacuum Dil
" User Custom
" Dals I Corelatiorss Tablesl Property Plat I Distribution Plot I Composite Plot I Plot Summary I Hotes |
s | e e L T

At the bottom of the Cut Input Information group, the Straight Run
radio button is selected, and UniSim Design provides default TBP
cut point temperatures for each Straight Run product. The Cut
Distributions table shows the Fraction of each product in the Blend.
Since Liquid Vol is the current Basis in the Table Control group, the
products are listed according to liquid volume fraction.

These fractions can be used to estimate the product flow rates for
the fractionation column. For example, the Kerosene liquid volume
fraction is 0.129. With 100,000 bbl/day of crude feeding the tower,
the Kerosene production is expected at 100,000 * 0.129=12,900
or roughly 13,000 bbl/day.
If you want, you can investigate other reporting and plotting
options by selecting another Table Type or by viewing information
on the other tabs in the Blend property view.

2. When you are finished, close the Blend view to return to the Oil

Characterization view. Now that the Blend has been calculated,
the next task is to install the oil.

Installing the Qil

The last step in the oil characterization procedure is to install the ail,
which accomplishes the following:

e The petroleum hypocomponents are added to the fluid package.

e The calculated Light Ends and Oil composition are transferred to
a material stream for use in the simulation.

1. On the Oil Characterization view, click the Install Oil tab.
2. In the Stream Name column, click in the top blank cell.

2-29



2-30 Steady State Simulation

]

Leave Oil Environment
icon

3.

Type the name Preheat Crude, then press the ENTER key. UniSim
Design creates a new stream named Preheat Crude in the flowsheet
associated with the fluid package associated with this oil.

0il Characterization =l 3

0il Install Infarmatior

Ol Mame Ready |ntall Stream Mame Flowsheet
Blend-1 [l [ Freheat Crude Caze [Main)

=] Assayl Cut/Blend I Uszer Property I Corelation  Install Oil

Clear All | Calculate All | Qil Dutput Settings. .. | Fieturn to Basis Environment |

o u

In this case, there is only one fluid package (Basis-1) and one
flowsheet (the main flowsheet), so the stream is created in the main
flowsheet. UniSim Design assigns the composition of the calculated
oil and light ends to stream Preheat Crude. The properties of the
new stream can be viewed from the Simulation environment.

The characterization procedure is now complete.

Return to the Basis environment by clicking the Return to Basis
Environment icon.

Click the Components tab of the Simulation Basis Manager view.

Select Component List - 1 from the list in the Component Lists
group. Click the View button to open the component list property
view.
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Press and hold the CTRL
key to select more than
one component.

See Chapter 4 -
Hypotheticals in the
UniSim Design
Simulation Basis guide
for more information on
cloning library
components.

7. The hypocomponents generated during the oil characterization
procedure now appear in the Selected Components group.

~Selected Components Hypoth etical
H components
[0pane N
iButane are indicated
e by a * after
I-Pentane
nPentane v Fuie | the component
MNEBP[ON11 3
NBP[O]1:39 name.
NEBP[O[164* . —
NBP[O[188" <-Substite-> |
MNEBP[O)21 2
NBP[0]238
NBP[D]261* FEmmye:--> |
NEBP[0]285
MNEBP[O]312* .
NER[O[238 Sort List |
NBP[O]362+
Hg;{g}i?gx YiewSampanet |
NBP[O}437*
BRI =

Viewing Component Properties

To view the properties of one or more components, select the
component(s) and click the View Component button. UniSim Design
opens the property view(s) for the component(s) you selected.

1. In the Selected Components list, select H20 and NBP[0]113*,

2. Click the View Component button. The property views for these
two components appear.

NEP[0]113* M= E3
i Compaonent |dentificatio
Companent Mame MNEP[O]113*
Farmily / Class Huydrocarbon
Chern Formula
1D Mumber 10000
Group Name Blend-1 Hypos
CAS Number
- UNIFAL Structure
Structure Builder...
<2< Mo Stucture Available »>>
rUeer D Tag:
Tag Nurmber TagTewt |
1 <emply> Mot Spec'd

] 1D | Critical I Paint ITDep I UserProp

| Estimate Unknown Prapsl Edit Erapertiesl Edit Wisc Quwal

The Component property view provides you with complete access to
the component information. For pure components like H20, the
information is provided for viewing only. You cannot modify any
parameters for a library (pure) component, however, UniSim Design
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"

Basis Manager icon

o

Enter Simulation
Environment icon

Steady State Simulation

allows you to clone a library component into a Hypothetical
component, which you can then modify as required.

The petroleum hypocomponent shown here is an example of a
hypothetical component. You can modify any of the parameters
listed for this component. For this example, the properties of the
hypothetical components generated during the oil characterization
are not changed.

Close each of these two component property views.

The fluid package is now completely defined, so close the
Component List view. The Simulation Basis Manager view should
again be visible; if not, click the Basis Manager icon to access it.

Click the Fluid Pkgs tab to view a summary of the new fluid
package.

Figure 2.37

Simulation Basis Manager

Current Fluid Packages Flowsheet - Fluid Plkg Associations

| ohinzan, View... Flowsheet Fluid Pkg To Use

) Case [Main] Basis-1

Delete:

Bony | 1
Detault Fluid Pkg Basis-1 = 1
Impoit.
“Fluid Phkg for New Sub-FlowS heets

E!P—thI {* Use Default Fluid Pka

" Use Parent's Fluid Plg

Components  Fluid Pkgs | Hypotheticals ]EllIManagel ]Hea:lluns J Component Maps J UseiProperty ]

Enter Simulation Environment, |

The list of Current Fluid Packages displays the new fluid package,

Basis-1, showing the number of components (NC) and property

package (PP). The fluid package contains a total of 44 components:

e 6 library (pure) components (H20 plus five Light Ends
components)

e 38 petroleum hypocomponents

The new fluid package is assignhed by default to the Main Flowsheet,

as shown in the Flowsheet-Fluid Pkg Associations group. Next

you will install streams and operations in the Main Simulation

environment.

2.2.4 Entering the Simulation

Environment

1. To leave the Basis environment and enter the Simulation
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environment, do one of the following:

e (Click the Enter Simulation Environment button on the
Simulation Basis Manager view.

e C(Click the Enter Simulation Environment icon.
When you enter the Simulation Environment, the initial view that

appears depends on your current preference setting for the Initial
Build Home View.

Three initial views are available: PFD, Workbook, and Summary.
Any or all of these can be displayed at any time, however, when you
first enter the Simulation Environment, only one appears. For this

example, open the Workbook under the Tools menu or by
pressing CTRL W.

Figure 2.38

i NoName. usc - UniSim Design R360 Case (Main) _EI_:IJ@
File Edit Simulation Flowsheet Workbook Tools Window Help

“ Workbook - Case {Main)

Name Preheat Crude

Vs T R
Temperature [C] <efmply>
Pressure [kPa] <emply>
Malar Flaw [kamole/h] <emply>
Mass Flow [kg/h] <emply>
Liquid Y olume Flaw [m3/h] <emply>
Heat Flow [kl /R] <emplyy

Material Sm.wul Compositions j Energy Streams jUniElps ]

FroductBlock_Preheat Crude Fhuid Pkg | Al
FeederBlock_Preheat Crude
[ Inchude Sub-Flawsheets
] Show Mame Only
v Horizontal Matrix Mumber of Hidden Objects: a

£

Optional Infa : Preheat Crude - Unknown Compositions
Optional Infa : Preheat Crude - Unknown Temperature
Optional Infa : Preheat Crude - Unkrniown Pressure
Optional Info : Preheat Crude - Unknown Flow Rate
Optional Info : Preheat Crude - Mot Solved

There are several things to note about the Main Simulation
Environment. In the upper right corner, the Environment has
changed from Basis to Case (Main). A number of new items are
now available on the menu and toolbar, and the Workbook and
Object Palette are open on the Desktop. These latter two objects
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You can toggle the
palette open or closed
by pressing F4, or by
selecting Open/Close
Object Palette from the
Flowsheet menu.

are described below.

Objects
Workbook

Description

A multiple-tab view containing information regarding the
objects (streams and unit operations) in the simulation
case. By default, the Workbook has four tabs, namely
Material Streams, Compositions, Energy Streams and Unit
Ops. You can edit the Workbook by adding or deleting tabs,
and changing the information displayed on any tab.

Object
Palette

A floating palette of buttons which can be used to add
streams and unit operations.

Also notice that the name of the stream (Preheat Crude) you

created d

uring the Qil characterization procedure appears in the

Workbook, and the white Object Status window at the very bottom
of the environment view shows that the stream has an unknown

pressure.
message
appropria

As you specify the conditions of Preheat Crude, the
displayed in the Object Status window is updated
tely. Before specifying the feed conditions, you can view

the stream composition, which was calculated by the Qil

character

ization.

Viewing the Feed Composition

1. In the Workbook, click the Compositions tab to view the

compositi

on of the streams.

Workbook - Case {Main) H=]
Hame Preheat Crude = Mew = |
Comp Mole Frac [H20] 0.0000 _I
Comp Mole Frac [Propane] 0.0000
Comp Mole Frac [i-Butane] 0.0070
Comp Male Frac [n-Butane) 0.0042
Comp kMole Frac [i-Pentane] 0.0122
Comp Mole Frac [n-Pentane] 0.0154
Comp Mole Frac [MEF[0]113%) 0.0215
Comp Mole Frac [MBF[0]135%) 0 0262
Comp Mole Frac [MEP[D]164%] 0.0294
Comp Mole Frac [MEF[0]1887) 0.0307
Comp Mole Frac [MBF[0]213%] 00315
Comp Mole Frac [MEF[0]238%] 0.0350 |

¥ Horizontal Matrix

e
Material Streams

Compositions | Energy Streams | Unit Ops

Fluid Pkg I Al hd I

[ Include Sub-Flowshests
[0 Show Name Only
Mumber of Hidden Objects 0

The Light

Ends and petroleum hypocomponents are listed by Mole

Fraction. To view the components which are not currently visible,
use the up and down arrow keys or the vertical scroll bar to advance

down the

component list.

Before proceeding any further to install streams or unit operations,
save your case.
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o

Save icon

If you enter a name that
already exists in the
current directory, UniSim
Design ask you for
confirmation before
over-writing the existing
file.

Workbook icon

When you press ENTER
after entering a stream
property, you are
advanced down one cell
in the Workbook only if
the cell below is
<empty>. Otherwise,
the active cell remains
in its current location.

Do one of the following:

e Click the Save icon on the toolbar.

e Select Save from the File menu.

e Press CTRL S.

If this is the first time you have saved your case, the Save
Simulation Case As view appears. By default, the File Path is the
cases sub-directory in your UniSim Design directory.

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

Once you have entered a file name, press the ENTER key and
UniSim Design saves the case under the name you gave it. The
Save As view does not appear again unless you choose to give it a
new name using the Save As command.

2.2.5 Using the Workbook

Click the Workbook icon on the toolbar to ensure the Workbook view
is active.

Specifying the Feed Conditions

In general, the first task in the Simulation environment is to install one
or more feed streams, however, the stream Preheat Crude was already
installed during the oil characterization procedure. At this point, your
current location should be the Compositions tab of the Workbook
view.

1.

2.

Click the Material Streams tab. The preheated crude enters the
pre-fractionation train at 450°F and 75 psia.

In the Preheat Crude stream, click in the Temperature cell and
type 450. UniSim Design displays the default units for temperature,
in this case °F.

Figure 2.40

Workbook - Case [Main] 9 [=] B

Name Freheat Cruds | = New = |

W apowr Fraction <emphy> |

Temperature [F 450 | F =1 |

Pressure [psial <emplys | |

Since this is the correct unit, press the ENTER key. UniSim Design
accepts the temperature. UniSim Design advances to the Pressure
cell.

If you know the stream pressure in another unit besides the default
of psia, UniSim Design will accept your input in any one of a number
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Alternately, you can
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vk

of different units and automatically convert the value to the default.
For example, the pressure of Preheat Crude is 5.171 bar, but the
default units are psia.

In the Pressure cell, type 5.171.

Press SPACE BAR. The field containing the active cell units
becomes active.

Begin typing ‘bar’. The field opens a drop-down list and scrolls to the
unit(s) most closely matching your input.

Wworkbook - Case [Main) _O] x|
Name Preheat Crude = M ==
" apour Fraction 0.3768
Temperature [F] 450.0
Pressure [psia] 5171 bar =1
talar Flow [lbrmale/hr] <emphys Ehar fa
Mass Flaw [Ib/hr] cemplys | NAm2
Liguid %olume Flow [barrel/day] <emplys a:m

4
Heat Flow [Btulhr] <emphys Kgsem?
psia
IIbIz’HE 52

specify the unit simply
by selecting the unit in

the drop-down list.

®

©

If UniSim Design does not
flash the stream, ensure
that the Solver Active
icon in the tool bar is

selected.

@

Solver Active icon

Once ‘bar’ is selected, press the ENTER key. UniSim Design accepts
the pressure and automatically converts to the default unit, psia.

Click in the Liquid Volume Flow cell, then type 1e5. The stream
flow is entered on a volumetric basis, in this case 100,000 barrel/
day.

Press the ENTER key.

The stream is now completely defined, so UniSim Design flashes it
at the conditions given to determine the remaining properties. The
properties of Preheat Crude are shown below. The values you
specified are a different colour (blue) than the calculated values
(black).

Workbook - Case (Main}

Preheat Crude
01292

450.0

#5.00

2814
1.144e+008
1.000e+005
-7 B19e+008

=10l

Name = New =
Vapour Fraction

Temperature [F]

Fressure [psial

I alar Flow [lbmaole/hr]

Il age Flaow [Ib./hr]

Liquid %alume Flow [barrel/day]
Heat Flow [Btu/hr]

Material Slleamsl Compositions I Energy Streams I Urit Ops |
[ Include Sub-Flawsheets

[ Show Name Only
Mumber of Hidden Objects: 1]

ProductBlock_Preheat Crude
FeederBlock_Preheat Crude

The next task is to install and define the utility steam streams that
will be attached to the fractionation tower later.
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Installing the Utility Steam Streams
1. S():Nthe ill*aterial Streams tab, click in the header cell labeled

UniSim Design accepts 2. Type the new stream name Bottom Steam, then press ENTER.
blank spaces within a UniSim Design creates the new stream.

stream or operation
name. In the Temperature cell, enter 375°F.
In the Pressure cell, enter 150 psia.

W

=
Name Preheat Crude Bottom Steam = Mew =
Vapour Fraction 0.1292 < emplys
Temperature [F] 450.0 3750
Fressure [psial 75.00 160.0
I alar Flow [lbmaole/hr] 3814 < Emptys
I age Flaw [Ib/hr] 1.144e+008 < emptys
Liquid %alume Flow [barrel/day] 1.000e+005 < Empty:
Heat Flow [Btu/hr] -7.619e+008 <emply:

Material Slleamsl Compositions I Energy Streams I Urit Ops |

ProductBlock_Bottom 5team [ Include Sub-Flowsheets
FeederBlock_Battam Steam [ Show Name Only
Mumber of Hidden Objects: 1]

Ul

In the Mass Flow cell, enter 7500 Ib/hr.
Create a new utility stream called Diesel Steam.
Define the conditions of this stream as follows:

e Temperature 300°F

e Pressure 50 psia

e Mass Flow 3000 Ib/hr.

The Workbook view appears as shown below.

Figure 2.44

N o

Workbook - Case (Main) [_[O] =]
Marne Preheat Crude | Bottomn Steamn Digzel Steam = Mew =
Wapour Fraction 0.0389 cempys < BmptyY>
Temperature [F] 450.0 375.0 300.0
Pressure [psia] 5.00 150.0 50.00
hdolar Flow [FMMSCFD] 3473 campys <BMptYs
Masz Flow [Ib/hr] 1.144e+006 100 3000
Liquid % olume Flow [barrel/day] 1.000=+005 <ampys < empty:

Heat Flow [Btushr] -7 .653e+008 <emplys <emply:

—
MaterialStleamsI Campozitions I Energy Streams IUnitDps |

Fluid Pka | 41 |

[ Inelude Sub-Flowshests
[ Show Name Only
¥ Horizontal b atriz Mumber of Hidden Objects: 0

Providing Compositional Input

Now that the utility stream conditions have been specified, the next
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task is to input the compositions.

1.

2.

Click the Compositions tab in the Workbook. The components are
listed by Mole Fraction by default.

In the Bottom Steam column, click in the input cell for the first
component, H20.

Since the stream is all water, type 1 for the H20 mole fraction, then
press ENTER.

The Input Composition for Stream view appears, allowing you to
complete the compositional input.

The Input Composition for Stream view is Modal, indicated by the
absence of the Minimize/Maximize icons in the upper right corner.

Input Composzition for Stream: Boltom Steam [ %]

Composition B asi
i+ Mole Fractons

|
LI

Hao
Propane Lemnpy>
1-Butane Lempys

" Mass Fractions

rrButane

i-Pertane

rm-Pentane
=]

<emphys
<Lemptys
Lempty
{emphyy

<emply>

<empts

<emphys

21F <emptyy
238 <emply>

<emptys

" Lig ¥olume Fractions
i Mole Flaws

i~ Mass Flows

i Lig Yolume Flows

—Composgition Contrals————

Eraze |

||
00| 0| 0| 0| o0f 0| )

EEE] {emphyy
kS <emptyy

Maormalize |
355 <Lemptys
<emphys |
EEEE; <emply> ﬂ G
Total  [1.0000 oK |

T
o
gl
[

When a Modal view is visible, you are unable to move outside the
view until you are finish with it, by clicking either the Cancel or OK
button.

The Input Composition for Stream view allows you to specify a
stream composition quickly and easily. The following table lists and
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These are the default
colours; yours can
appear differently
depending on your
settings on the Colours
page of the Session
Preferences view.

describes the features available on this view:

Features ‘ Description

Compositional You can input the stream composition in some
Basis Radio fractional basis other than Mole Fraction, or by
Buttons component flows, by selecting the appropriate radio

button before providing your input.

Normalizing The Normalizing feature is useful when you know the
relative ratios of components (2 parts N2, 2 parts CO2,
etc.) Rather than manually converting these ratios to
fractions summing to one, enter the numbers of parts
for each component and click the Normalize button.
UniSim Design computes the individual fractions to
total 1.0.

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

Calculation As you input the composition, the component fractions
status/colour (or flows) initially appear in red, indicating the final
composition is unknown. These values become blue
when the composition has been calculated. Three
scenarios result in the stream composition being
calculated:

e Input the fractions of all components, including
any zero components, such that their total is
exactly 1.0000, then click the OK button.

e Input the fractions (totalling 1.000), flows or

relative number of parts of all non-zero

components, then click the Normalize button then
the OK button.

Input the flows or relative number of parts of all

components, including any zero components,

then click the OK button.

This stream is pure water, therefore, there is no need to enter
fractions for any other components.

4. Click the Normalize button and all other component fractions are
forced to zero.

5. Click the OK button. UniSim Design accepts the composition and
you are returned to the Workbook view.

The stream is how completely defined, so UniSim Design flashes it
at the conditions given to determine the remaining properties.

6. Repeat steps #2 to #5 for the other utility stream, Diesel Steam.
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If you want to delete a
stream, move to the
Name cell for the
stream, then press
DELETE. UniSim Design
ask for confirmation of
your action.

=

Material Stream icon

L J

Add Object icon

Both of the temperature
and pressure
parameters are in the
default units, so you do
not need to change the
unit with the values.

Do not enter a flow, it is
entered through the
Composition page.

7. Click the Material Streams tab. The calculated properties of the
two utility streams appear here.

Figure 2.46

Workbook - Case {(Main}

19 [=] E3

Hame

Fieheat Crude

EBottom Steam

Diezel Steam

= M =

Yapour Fraction

[0.0329

1.0000

1.0000

Temperature [F]

450.0

375.0

300.0

Pressure [psia]

75.00

150.0

50.00

b olar Flow [MMSCFD]

473

3583

1.517

hdazz Flow [lb/hr]

1.144e+008

7100

3000

Liquid " olume Flaw [barrel/day]

1.000e+005

4871

205.8

Heat Flow [Btushr]

-7.B53e+008

-3.997e+007

-1.697e+007

= - ™ P
Matenalﬁtleamsl Campositions I Energy Stieams IUnltDps |

¥ Horizontal Matriz

Fluid P | A1

[ Include Sub-Flawshests
[0 Show Name Qniy
Mumber of Hidden Objects:

=

0

10.
11.

Next, you will learn alternative methods for creating a new stream.

To add the third utility stream, do any one of the following:

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

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

Each of these four methods displays the property view for the new
stream, which is named according to the Auto Naming setting in
your Preferences. The default setting names new material streams
with numbers, starting at 1, and energy streams starting at Q-100.

In the stream property view, click in the Stream Name cell and
rename the stream AGO Steam.

Press enter.

In the Temperature cell, enter 300.
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The current
Composition Basis
setting is set to the
Preferences Default of
Mole Fractions. The
stream composition is
entered on a mass
basis.

12.1In the Pressure cell, enter 50.

Figure 2.47

=
Worksheet Stream M ame AGO Steam
- Yapour / Phase Fraction <emphys
Conditions Temperature [F] 200.00
Froperties Prezzuie [pzia) 50.000
- b alar Flow [Ibmale:hr] <emphy>
Cemmesion fdagz Flow [Ibhr] <emphys
K Value Std |deal Lin Vol Flow [banel/day] <emply>
User Yariables tolar Enthalpy [Bhudbmole] <emphy:
tdalar Entropy [Bitudlbmole-F] cempys
Notes Heat Flaws [Btushr] <emphys
Cost Parameters Liq %al Flow @5td Cond [barel/day] <ampys
Fluid Package B agis-1

E= -
Worksheet | Attachments | Dynamics

[ Unkpown Composzitions

Delete | Define from Other Stream... | L 4

13. Select the Composition page to begin the compositional input for
the new stream.

Figure 2.48

AGO Steam 10l =|
Worksheet | Mole Fraction =
H20 <emply _I
Conditions ropane <emphyx
. -Butane <emplyx
IFapEEs rrButane <emply
Composition I-Pentane <emphy
rn-Pentane <emphy
K Walue P[O[113* <emply>
User Variables PO 35 Sl |
E4* <Emphy
Hotes FlOj185" <emplyr | ¥ |
Cost Parameters Total [0.00000
Edi... | Edit Properties.. | Basis... |
£ =
Worksheet | Attachmentz | Dynamics
[ Unknown Compositions
T hete I Define framn Other Streanm. . 4@ =

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

15.1In the Composition Basis group, select the Mass Flows radio
button.

16. Click in the compositional cell for H20.

17.Type 2500 for the steam mass flow, then press ENTER. As there
are no other components in this stream, the compositional input is
complete.
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si . 18. Click the OK button to close the view and return to the stream
ince only H20 contain .

any significant value, property view.

UniSim Design

automatically forc,es all Figure 2.49
other components’ value

to be zero.

Worksheet

I=EY

Conditions
Froperties
Composition
KW alug

User Variables
Notes

Cost Parameters

H20

2h00.0 ;I

ropane

00000

-Butane

00000

rrButane

00000

IPertang

00000

rPentane

00000

00000

00000

00000 | = |

0
Tatal [2500.00000 |bihr

Edit Properties.. | Basis... |

Delete |

£ =
Worksheet | Attachmentz | Dynamics

Define fram Other Stream... | &= =5

UniSim Design performs a flash calculation to determine the
unknown properties of AGO Steam, as shown by the status indicator
displaying ‘OK’. You can view the properties of each phase using the
horizontal scroll bar in the matrix or by re-sizing the property view.
In this case, the stream is superheated vapour, so no Liquid phase
exists and the Vapour phase is identical to the overall phase. To
view the vapour compositions for AGO Steam, scroll to the right by
clicking the right scroll arrow, or by click and dragging the scroll

button.

The compositions are currently displayed by Mass Flows. You
can change this by clicking the Basis button and choosing
another Composition Basis radio button.

19. Close the AGO Steam property view.

2.2.6 Installing Unit Operations

Now that the feed and utility streams are known, the next task is to
install the necessary unit operations for processing the crude oil.

Installing the Separator

The first operation is a Separator, used to split the feed stream into its
liquid and vapour phases. As with most commands in UniSim Design,
installing an operation can be accomplished in a number of ways. One
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Workbook icon

method is through the Unit Ops tab of the Workbook.

1.

2.

w

Click the Workbook icon to ensure the Workbook is the active
view.

Move to the Unit Ops tab.

Click the Add UnitOp button. The UnitOps view appears, listing all
available unit operations.

In the Categories group, select the Vessels radio button. UniSim
Design produces a filtered list of unit operations, showing only
those in the current category.

UnitDps - Case [Main] M=l E3
Categoiies | ~Awailable Unit Operations——— ]
€ AllUnit Ops 3 Phase Separator —
o+ essels Cont. Stirred T ank Reactor L |
8 Carwersion Reactor e
™ Heat Transfer Equipment

. . Equilib React
= Rotating Equipment quu” P Peasior

= Piping Equipment =1
€ Solids Handling ank
~ Reactars
 Prebuilt Columns
 Short Cut Columns
= Sub-Flowsheets

" Logicals

€ Estensions

= UserOps

" Electrolyte E quiprent
" Refinery Ops

Add the separator by doing one of the following:

e Select Separator in the list of Available Unit Operations, and
click the Add button or the ENTER key.

e Double-click on Separator.
The property view for the separator appears in the figure below.

v-100 M= B
Design Marme IV.WUU
Connections Ilets
B << Stream > Wapour Outlet
User Variables
Motes
_— =
L
- 1
Erergy [Dptional] E
- ——t
1
Fluid Package Liquid Outlet
Easis-1 hd -
Deslgnl Reactions I Rating I worksheet I Dynarics |
Dote | e T Isvor
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UniSim Design provides
the default name V-100
for the separator. The
default naming scheme
for unit operations can be
changed in your Session
Preferences.

Alternatively, you could
have made the
connection by typing the
exact stream name in
the cell, and pressing
ENTER.

A unit operation property view contains all the information defining
the operation, organized into tabs and pages. The Design, Rating,
and Worksheet tabs appear for most operations. Property views for
more complex operations contain more tabs.

Many operations, like the separator, accept multiple feed streams.
Whenever you see a matrix like the one in the Inlets group, the
operation accepts multiple stream connections at that location.
When the matrix is active, you can access a drop-down list of
available streams.

6. Click in the Name field, type PreFlash, then press enter. The status

indicator at the bottom of the view shows that the operation
requires a feed stream.

In the Inlets matrix, click in the <<Stream>> cell.

Click the down arrow (=i to open the drop-down list of available
streams.

9. Select Preheat Crude from the list. Preheat Crude appears in the
Inlets matrix, and the <<Stream>> label is automatically moved
down to a new empty cell. The status indicator now displays
‘Requires a product stream’.

0 N

PreFlash H=
Design HNarme IF'reFIash
Connections Ilets
B Freheat Crude Y apour Dutlet
i << Stream >3 Iﬁ
User Variables
Motes
_— =
L
- 1
Erergy [Dptional] E
1
Fluid Package Liquid Dutlet
IEasis—‘I - I _:I
Deslgnl Reactions I Rating I worksheet I Dynarics |
_ Dele | I T oo

10. Click in the Vapour Outlet field, or press tab to move to the field.

11.Type PreFlashVap in the field, then press enter. This stream does
not yet exist, so UniSim Design creates this new stream.
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12.Click in the Liquid Outlet field and type PreFlashLiq. UniSim
Design creates another new stream.

PreFlash i
Design

Connections Ilets

E || Preheat Crude W apour Outlet

<< Stream > IPreFIashVap -

User Variables

Motes

-
Erergy [Optional] E
= =
1
Fluid Package Liquid Outlet
IBasls-'I 'l IPreFIashqu -

—
Designl Reactions I Rating I worksheet I Dynamics |

poe | I [ [orod

An Fdngrgxgtstrﬁa?t The status indicator displays a green OK message, showing that
cou € attache (0] .

heat or cool the vessel the operation and attached streams are completely calculated.
fﬁgtegrtsashé’swsf"f;’isfor 13. Select the Parameters page. The default Delta P (pressure drop)
exagp,gl the energy of zero is acce_ptable for this example. The Liquid Level is also
stream is not required. acceptable at its default value.

Since there is no energy

| preflash =lol x|
stream attached to the
separator, no Optional Design Delta P
Heat Transfer Connections et [psi 0.0000
: S : 0.0000
information is required. Parameters spour outet[ps]_|_0.0000 | v
olarne
Uszer Yariables I_
Motes
e S
N
Liquid Walume

Tz o
- Liquid Lewel [P0.00 %

Type
’7(: Separator " 3 Phase Sep i~ Tank ‘

—
Designl Reactions I Rating I Worksheet I Dynarics |

Dekic | I | -0
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14.To view the calculated outlet streams, click the Worksheet tab.
This is a condensed Workbook displaying only those streams

attached to the operation.

oreragy =]
Workzheet Mame Preheat Crude PreflashLig PreFlashv ap
. W apour 01292 0.0000 1.0000
Conditions e ] 4500 4500 4500
Properties Prezsure [psial 75.00 75.00 75,00
talar Flaw [Ibmale/hr] 3814 33 4529
EEIEl Mass Flow [béhi] T744e+005 | 1.080s+005 | 645804004
PF Specs Std Ideal Liq Yol Flow [banel/day] 1.000e+005 | 9.372e+004 £282
talar Enthalpy [Btu/lbrole] -1.998e+005 -2.175e+005 -8.049e+004
Molar Entropy [Btudlbrmole-F] 266.0 2008.8 1124
Heat Flow [Btuhr] -7.B19e+008 -f.222e+008 -3.967e+007

Dezign I Fieactions IHating Wolksheell Dynamics |
Delte | I [ 157orcd

15. Now that the separator is completely known, close the PreFlash
view and the UnitOps view, and return to the Workbook view. The
new separator appears on the Unit Ops tab.

Workbook - Case [Main) [_ o] ]
Mame Object Type Inlet Outlet lgnored | Calc. Level
PreFlashLigq
PreFlash Separatar Preheat Crude - 500
PieFlashivap
ViewUritte | addnige | Delete Uritclp |

I aterial Streams I Compositions I Energy Streams  Unit Dpsl

Preheat Crude
PreFlashliq
FreFlashivap

[ Inchide Sub-Flowshests

The matrix shows the operation Name, its Object Type, the

attached streams (Inlet and Outlet), whether it is Ignored, and

its Calculation Level.

Optional Methods for Accessing Property Views

When you click the View UnitOp button, the property view for the

operation occupying the active row in the matrix opens. Alternatively,

by double-clicking on any cell (except Inlet and Outlet) associated

with the operation, you also open its property view.
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Return to the Material
Streams tab of the
Workbook.

Any utilities attached to
the stream with the
Workbook active are also
displayed in (and are
accessible through) this
display field.

You can also open the property view for a stream directly from the Unit
Ops tab of the Workbook. When any of the Name, Object Type,
Ignored or Calc. Level cells are active, the display field at the bottom
of the view displays all streams attached to the current operation.
Currently, the Name cell for PreFlash is active, and the display field
displays the three streams attached to this operation. To open the
property view for one of the streams attached to the separator (such
as Preheat Crude), do one of the following:

e Double-click on Preheat Crude in the display field at the bottom

of the view.

e Double-click on the Inlet cell for PreFlash. The property view for
the first listed feed stream opens. In this case, Preheat Crude is
the only feed stream, so its property view also opens.

2.2.7 Using Workbook Features

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

Accessing Unit Operations from the Workbook

There are a number of ways to open the property view for an operation
directly from the Workbook besides using the Unit Ops tab.

When your current location is a Workbook streams tab (Material
Streams, Compositions, and Energy Streams tabs), the field at the
bottom of the Workbook view displays the operations to which the
current stream is attached. In this display field, you can click on any
cell associated with the stream.

For example, if you click in any cell for Preheat Crude, the field displays
the name of the operation, PreFlash, to which this stream is attached.
The display field also displays FeederBlock_Preheat Crude, because the
Preheat Crude stream is a boundary stream. To access the property
view for the PreFlash operation, double-click on PreFlash. The operation
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The four existing tabs are
listed in the Workbook
Tabs area. When you add
a new tab, it is inserted
before the selected tab
(currently Material
Streams). You will insert
the new tab before the
Compositions tab.

property

view appears.

Figure 2.57

Stream Preheat Crude is the current
Workbook location.

Workbook - Case {(Main)

/ JST=TE
7

Name Picheat Crude Tm Steam Diesel Steam
Wapour Fraction 0.1292 1.0000 1.0000 _I
Temperature [F] 450.0 375.0 300.0
Pressure [psia] F5.00 150.0 50,00
Molar Flow [Ibrale:hr] 3814 416.3 1665
tasz Flow [Ib/hr] 1.144e+005 7o00 3000
Liquid Yolume Flow [barrel/day] 1.000=-+005 B14.6 205.8
Heat Flow [Btudhr] -7 615e+008 -4 222e+007 -1 637e+007
Marne AGD Steam PreFlash ap PreFlashLig ﬂ

i N .
MatenalSlleamsI Campozitions I Energy Shreams IUnltDps J

FeedeiBlock_Freheat Crude

PreFlash \

[ Include Sub-Flowsheets
[0 Show Name Orly
Murnber of Hidden Objects: o

The operation to which Preheat Crude is attached appears in this
display field. Double-click the operation name to access its
property view.

Adding a Tab to the Workbook

When the Workbook is active, the Workbook item appears in the UniSim

Design menu bar. This item allows you to customize the Workbook.

In this section, you will create a new Workbook tab that displays only
stream pressure, temperature, and flow.

1. Do one of the following:

e From the Workbook menu, select Setup.

e Object inspect (right-click) the Material Streams tab in the
Workbook, then select Setup from the menu that appears.

The Workbook Setup view appears.

Figure 2.58

Setup
—workbook Tab: ~Tab Cantent
M atenal Streams Add —Object
Compositions 5
Energy Streams i Mame: IMaIenaISlreams Order.. |
Unit Opg _I

Type: Matenial Stream New Tppe.. |

W ariabl
W ariable Foimat LUse Set. |
“Yapour Fraction | 1.4 fixed
Temperature 4 sig fig Add...
Fressure 4 sig fig
tolar Flow | 4 sig fig Delete |
M ass Flow 4 sig fig
Liquid Walume Flow | 4 sig fig Format... {
Heat Flow 4 sig fig
Oder. |

Currently, all
variables appear
with four
significant
figures. You can
change the
display format or
precision of any
Workbook
variables by
clicking the
Format button.
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2. In the Workbook Tabs group list, select Compositions.
3. Click the Add button. The New Object Type view appears.

New Object Type o |EI|5|

£

[#- Unit Dperations
B Vesselz Cancel |
[#- Heat Transfer Equipment —
- Rotating E quipmet

[+ Piping Equipment

[+ Solids Handling O perations
£

E

£

£

E

+- Reactors

+- Prebuilt Colurnns

- Short Cut Colurirs

- Sub-Flowsheets

¥ Logical Operations

- Electrolpte Equipment

- Refinery O peration:

- Extension Lnit 0 peration =

w1, Il Ahiacke
4I I 3

4. Click the + beside Stream, select Material Stream from the
branch, then click the OK button. You return to the Setup view, and
the new tab appears after the existing Material Streams tab.

In the Tab Contents Object group, click in the Name field.

Change the name of the new tab to P, T,Flow to better describe the
tab contents.

Figure 2.60

~Tab Contert:
~Object

Mame: IF',T,FIDM Order... |
Type.lm Mew Tupe: |

W aniabl

ul

W ariable Format Lze Set... |

“Wapour Fraction | 1.4 fixed

Temperature 4 sig fig Add..
Fressure 4 sig fig
Molar Flow | 4 sin fig Delete

Mazs Flaw | 4 sig fig
Std |deal Lig Yol Flow 4 zig fig Fommat.. |

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

The next task is to customize the tab by removing the variables that
are not required.

7. In the Variables group, click on the first variable, Vapour Fraction.
8. Press and hold the CTRL key.

9. Click on the other variables, Molar Flow, Mass Flow, Heat Flow,
and Molar Enthalpy. These four variables are now highlighted.

10. Release the ctrl key.
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If you want to remove 11.Click the Delete button to remove them from this Workbook tab.

variables from another The finished Setup view appears below.
tab, you must edit each

The new tab “faikbook Tab: ~Tah Canten
nov}q aﬁ)pearfs Matenal Stireams Add - Object
i i y| P.T Flow
in the list o / i Wame: |—p,r,p|ow Order.. |
Workbook Energy Streams &I T

. : . |
Tabs in the Unit Ops pE: Matenial Stream MNew Type,
same order as ~Vaiiable:
it appears in : |

" ariable Formnat Use Set.

the Workbook. Temperature | 4 sig fig

= Pressure 4 sig fig Add.. |
Delete

Std Ideal Lig Vol Flow 4 sig fig - 1
The new tab :
displays only Fomal.. |

these three/ Orer._|

Variables.

12. Click the Close icon to return to the Workbook view and see the

new tab.

Workbook - Case (Main) - | m] 5'
Name Preheat Crude | Bottomn Steam Diesel Steam | «|
Temperature [F] 450.0 3750 300.0 _I
Pressure [paial 75.00 150.0 50.00
St Ideal Lig Yol Flow [barrel/day 1.000e+005 5146 205.8
Name AGD Steam PreFlash'ap PreFlashLig
Temperature [F] 300.0 450.0 450.0
Frezzure [paial 50.00 75.00 75.00
Std Ideal Lig %ol Flow [barrel/day 1716 E282 93722004
Name = Mew = ;I

_—

Material Streams P, T, Flow I Compositions I Energy Shreans I Unit Ops r
FeederBlock_Preheat Crude [ Inchude Sub-Flowshects
PreFlazh [ Shaw Mame Only

Mumber of Hidden Objects: 1]

13. Save your case by doing one of the following:

e (Click the Save icon on the tool bar.
n e Select Save from the File menu.
Save icon L] Press CTRL S.

2.2.8 Using the PFD

The PFD is the other main view used in UniSim Design. The PFD item
-ﬁj appears in the UniSim Design menu bar whenever the PFD is active.
PFD icon 1. To open the PFD, click the PFD icon on the tool bar. The PFD view

should appear similar to the one shown below, except some stream
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icons may overlap each other.

PFD toolbar Stream/Operation labels
PFD - Case [Main) M= Material_
H H E ‘ &ﬂ E“"E ‘p A # @ [Defaul/Colow Scheme = Stream icon
/ / [
—
PreFlashap —
Diesel Steam
" ? : PreFlash
rehea
—
Crude AGO Stearm | Unit
< ‘ Operation
i [ icon for a
Eottom
F'reFE;hL\q Steam Separator
Sl . o[
—
PFD 1

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

The PFD shown above has been rearranged by moving the three utility
stream icons below and to the left of the Separator. To move an icon,
click and drag it to the new location.

You can click and drag either the icon (arrow) itself, or the
label (stream name), as these two items are grouped
together.

Like any other non-modal view, the PFD view can be re-sized by
clicking and dragging anywhere on the outside border.

B

Other things you can do while the PFD is active include the following:

e Access commands and features through the PFD toolbar.

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

Z00m Out 25% icon e Move an object by click and dragging it to the new location.

e Access “pop-up” summary information for an object simply by
placing the cursor over it.

- _ _ e Change an icon's size by clicking the Size Mode icon, clicking on
Display Entire PFD icon the icon, and click and dragging the sizing handles that appear
around the icon.

Display the Object Inspection menu for an object by placing the
oom In 25% icon cursor over it, and right-clicking. This menu provides access to a
number of commands associated with the particular object.

Size Mode icon

il

Bl

u

N
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Keep in mind that these
are the UniSim Design
default colours; you can
change the colours in
the Session Preferences.

The icons for all streams
installed to this point are
dark blue, indicating

they have been flashed.

@

Heater icon (Red)

@

Cooler icon (Blue)

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

Some of these functions are illustrated here; for more information, see
Section 7.24 - PFD in the UniSim Design User Guide.

Calculation Status

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

Status
Red Status

’ Description

A major piece of defining information is missing from
the object. For example, a feed or product stream is
not attached to a separator. The status indicator is red,
and an appropriate warning message appears.

Yellow Status All major defining information is present, but the
stream or operation has not been solved because one
or more degrees of freedom is present, for example, a
cooler where the outlet stream temperature is
unknown. The status indicator is yellow, and an

appropriate warning message appears.

Green Status The stream or operation is completely defined and

solved. The status indicator is green, and an OK

message appears.

When you are in the PFD, the streams and operations are colour-coded
to indicate their calculation status. The inlet separator is completely
calculated, so its normal colours appear. While installing the remaining
operations through the PFD, their colours (and status) changes
appropriately as information is supplied.

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

Installing the Crude Furnace

In this section, you will install a crude furnace. The furnace is modeled
as a Heater.

1. Ensure the Object Palette is visible (if it is not, press F4).

You will add the furnace to the right of the PreFlash Separator, so
make some empty space available by scrolling to the right using the
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horizontal scroll bar.

2. In the Object Palette, click the Heater icon. The cursor changes to
a special cursor, with a black frame and plus (+) symbol attached to
it. The frame indicates the size and location of the operation icon.

3. Position the cursor over the PFD to the right of the separator.

Figure 2.64
PFD - Case (Mainl M= E3
H % E | EH E’*E |p AP @ IDEfauIl Colour Scheme vl m
o => =>
FreFlashy — d[:'!?ii
rerlashvap Diesel Steam "igl;
Pr;wraat PreFlash - El
Crude AGO Gteam |
T e e
Lo * ot =
PreFlashLig .
LA s
e Eat] | oD 68
e 5 &8s 4
Notice the heater has 4. Click to ‘drop’ the heater onto the PFD. UniSim Design creates a
red status (colour), new heater with a default name, E-100.
indicating that it
requires feed and Next you will change the heater icon from its default to one more

product streams. closely resembling a furnace.

5. Right-click the heater icon. The Object Inspect menu appears.

6. Select Change Icon from the menu. The Select Icon view
appears.

Select lcon [ x|
@] ]
! _. ._ LCancel |
Ll_l i [ Default
7. Click the WireFrameHeater5 icon (scroll to the right), then click
the OK button. The new icon appears in the PFD.

Furnace icon

H

Attach Mode icon
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When you are in Attach
mode, you are not able
to move objects in the
PFD. To return to Move
mode, click the Attach
button again. You can
temporarily toggle
between Attach and
Move mode by holding
down the ctrl key.

%)

Break Connection icon

If you make an incorrect

connection:

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

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

3. Click once to break the
connection.

Attaching Streams to the Furnace

1. Click the Attach icon on the PFD tool bar to enter Attach mode.

2. Position the cursor over the right end of the PreFlashLiq stream
icon. A small box appears at the cursor tip.

Figure 2.66

At the square connection

point, a pop-up description
- PreFlash appears attached to the

Frehest cursor. The pop-up “Out”

indicates which part of the
. E-100
PreF &

—)
PreFlashvap

stream is available for

connection, in this case, the

stream outlet.

3. With the pop-up ‘Out’ visible, click and hold the mouse button. The
white box becomes black, indicating that you are beginning a
connection.

4. Drag the cursor toward the left (inlet) side of the heater. A trailing
line appears between the PreFlashLiq stream icon and the cursor,
and a connection point appears at the Heater inlet.

5. Place the cursor near the connection point of the heater, and the
trailing line snaps to that point. As well, a white box appears at the
cursor tip, indicating an acceptable end point for the connection.

-
E-100
PreFlashLig

6. Release the mouse button, and the connection is made to the
heater inlet.

7. Position the cursor over the right end of the heater icon. The
connection point and pop-up ‘Product’ appears.

8. With the pop-up visible, click and hold the mouse button. The white
box again becomes black.

9. Move the cursor to the right of the heater. A stream icon appears
with a trailing line attached to the heater outlet. The stream icon
indicates that a new stream is being created.

Figure 2.68

E-100
PreFlashLig
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10. With the stream icon visible, release the mouse button. UniSim
Design creates a new stream with the default name 1.

11. Create the Heater energy stream, starting the connection from the
bottom left connection point on the Heater icon labeled ‘Energy
Stream’. The new stream is automatically named Q-100, and the
heater now has yellow (warning) status. This status indicates that
all necessary connections have been made, but the attached
streams are not entirely known.

Figure 2.69

PreFlashLi = 1
reFlashLic T
C-100

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

The heater outlet and energy streams are unknown at this point,
so they appear light blue and purple, respectively.

Modifying Furnace Properties

1. Double-click the Heater icon to open its property view.

Click the Design tab, then select the Connections page. The
names of the Inlet, Outlet, and Energy streams appear in the
appropriate fields.

Figure 2.70

N

E-100 [_[O[ =]
Design Mame [E-100
Connections
Parameters Inlet Energy
User Variables IPTSH&SH-H LI IQ"IUU LI
Notes
Olutlet
i -
Fluid Package I _I
IBasls-1 hd
_
De:ignl Rating I “wforksheet I Performance I Dynariics |
Delete | [ Unknovan Duty I lagnored

3. In the Name field, change the operation name to Furnace.
4. Select the Parameters page.
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5.

Figure 2.71

In the Delta P field, enter 10 psi, then close the view.

Fumace M=l E3
Design

Connections

Parameters Delta P Duty

User Yariables I 000 psi I

b ﬁ

Deslgnl Rating I ‘wiarksheet I Performance I Dynamics |

Delete | | Unknawn Duty ™ lgnored

The Furnace has one available degree of freedom. Either the outlet
stream temperature or the amount of duty in the energy stream can
be specified. In this case, you will specify the outlet temperature.

Double-click the outlet stream icon (1) to open its property view.

6.
7. In the Stream Name field, change the name to Hot Crude.
8. In the Temperature field, specify a temperature of 650°F.
Figure 2.72
RI=TEY
Worksheet Stream M ame Hot Crude
- “apour / Phase Fraction 0.53553
Conditions Temperature [F] E50.00
Froperties Pressure [psia] E5.000
- Moler Flow [lbmolehi] 3321.0
Cemmesiiom M:iFloovv:[\bxw?]e - 1.0796e+008
K ¥ alue 5Std Ideal Liq Yal Flaw [barel/day] 93718
User Variables Molar Enthalpy [Biudbmols] -1.624e+005
tdalar Entropy [Btudlbmole-F] 34348
Nates Heat Flow [Biudhr] -5 3950e+08
Cost Parameters Liq %ol Flows 2:Std Cond [barrel/day] 93457
Fluid Package B agiz-1
<] ol
-=Wolksheel Attachments | Dynamics
S
Delete | Drefing from Other Stream... | i =
The remaining degree of freedom in the Furnace has now been
used, so UniSim Design can flash Hot Crude and determine its
remaining properties.
9. Close the view to return to the PFD view. The Furnace now has

green status, and all attached streams are known.
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: 4

Mixer icon

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

10. Double-click on the energy stream icon (Q-100) to open its
property view. The required heating duty calculated by UniSim
Design appears in the Heat Flow cell.

11.In the Stream Name cell, rename this energy stream Crude Duty,
then close the property view.

Figure 2.73

Energy Stream: Crude Duty | _ O] x|

Properti

Stream Name Crude Dub
Heal Flow [Btu/hi] 1.8626e+0g
Ref. Temperature [F] <empys

= Slleaml Urit Ops I Llynamics I Stripchart I l—

S
Delete |

Installing the Mixer

In this section, you will install a Mixer operation. The Mixer is used to
combine the hot crude stream with the vapours bypassing the furnace.
The resulting stream is the feed for the crude column.

1. Make some empty space available to the right of the Furnace using
the horizontal scroll bar. Move other objects if necessary.

2. Click the Mixer icon on the Object Palette.

3. Position the cursor over the PFD to the right of the Hot Crude
stream icon.

4. Click to ‘drop’ the mixer onto the PFD. UniSim Design creates a
new mixer with the default name MIX-100.

5. Press and hold the CTRL key to temporarily enable the Attach mode
while you make the mixer connections (you will not release it until
step #13).

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

7. With the pop-up visible, click and hold the mouse button, then drag
the cursor toward the left (inlet) side of the mixer. Multiple
connection points appear at the mixer inlet.

8. Place the cursor near the inlet area of the mixer, and when the
white box appears at the cursor tip, release the mouse button to
make the connection.

9. Repeat steps #6 to #8 to connect the Hot Crude stream to the
Mixer.

10. Position the cursor over the right end of the mixer icon. The
connection point and pop-up ‘Product’ appears.
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11. With the pop-up visible, click and drag to the right of the mixer. A
white stream icon appears, with a trailing line attached to the mixer
outlet.

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

13. Release the ctrl key to leave Attach mode.

- 14. Double-click on the outlet stream icon 1 to access its property view.

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

15.1In the Stream Name cell, rename the stream Tower Feed, then
close the view.

Figure 2.74

L=
Worksheet Stream Name Tower Feed
. Wapour / Phase Fraction 0.60964
Conditions Temperature [F] £39.23
Froperties Fressuie [psia) E5.000
P tdalar Flaw [Ilbmalehr] 3813.9
Ceploe Mass Flow [b/hi] 114426+005
KV alue Std Ideal Liq Yal Flow [barel/day] 1.0000e+005
User Variables aolar Enthalpy [Btudbmole] -1.519e+005
Molar Entropy [Biudlbrmale-F] 313.94
Notes Heat Flow [Btuhr] 5791 7e+08
Cost Parameters Lig %ol Flows @5td Cond [barel/day] 100000.
Fluid Package B asis-1
o] O

=
Worksheet | Attachments | Dynamics

I Defing from Other Stream... | & =

e

16. Double-click the mixer icon, MIX-100. Change the name to Mixer,
then close the view.

Resizing Icons in the PFD

Resize icons in the PFD to make it easier to read.
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Zoom All icon

Resize the PFD view by clicking and dragging the outside border.

Click the Zoom All icon to fill the PFD window, including any
objects that were not visible previously. A possible view of the
resized PFD appears in the figure below.

Figure 2.75

|
JH[=] E3
@ [Defaul Colour Scheme =

PFD - Case (Main)

M M 0AP R

-
Diesel Steam

PreFlash

Preflashivap

Furnace
Preheat AG_O'
Crude e Steam
Crude Feed
PreFlashLig
-
Bottom

Crude
Duty Steam

-=PFD1

=== el i ,

w

B .

Size Mode icon

Click the Size Mode icon on the PFD toolbar.

Click the Furnace icon in the PFD. A frame with sizing handles
appears around the icon.

Place the cursor over one of the sizing handles. The cursor changes
to a double-ended sizing arrow.

Figure 2.76

Double-

[
—_ ended sizing
arrow

6.
7.

With the sizing arrow visible, click and drag to resize the icon.
Click the Size Mode icon again to return to Move mode.

Adding an Energy Stream

In this section, you will add an energy stream. Prior to installing the
column, an energy stream must be created to represent the trim duty

Energy Stream icon

on stage 28 of the main tower.

=D 1.

Double-click on the Energy Stream icon on the Object Palette.
UniSim Design creates a new energy stream with the default name
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Q-100 and display its property view.

2. In the Stream Name field, change the name to Trim Duty.
3. Close the view.
Save your case by doing one of the following:
e press CTRL S.
ﬁ e from the File menu, select Save.
—_— e click the Save icon.
Bg{lwxegAbsorber icon
If you choose to use the UniSim Design has a number of pre-built column templates that you
Egﬁ;gl‘;'t'z %f‘:&?'ﬁ:;g can install and customize by changing attached stream names, number
to customize the column of stages and default specifications, and adding side equipment. One of
by modifying the various these templates is going to be used for this example (a crude column
draw and return stages . . . .
and default with three side strippers), however, a basic Refluxed Absorber
specifications. Although column with a total condenser is installed and customized in order to

using the template

e - illustrate the installation of the necessary side equipment.
eliminates the majority

of the work over the 1. Before installing the column, select Preferences from the UniSim

next few pages, it is Design Tools menu. Click the Simulation tab.

recommended that you . .

work through these 2. On the Options page, ensure the Use Input Experts checkbox is
pages the first time you checked, then close the view.

build a crude column in ] ) .

UniSim @Sﬁ,‘é”' Once 3. Double-click the Refluxed Absorber icon on the Object Palette.

Joinstal conraakimen - _

Vesrig A banptis i Eicede The first page of the Input Expert appears

eqjuipvméampigtesing the

oot b ene

on galbb Hcoiiian icon

COIHH’\EhBEmI@EF I@é’%tte Refluxed Absorber Column Input Expert [ x|

Iven In an anno atlon Condenzer Energy Stream lﬁ T Esa—
Orethextipddiat Cral I =
appears, click the Column Name ITTUUi 0 " Parial [ Otlets
Read an Existing cRIRR [T 5]
Column Template : 1
button. The Available Dptlor;lrlar;lf:streamlzla St; — 3= 2 [~ wiater Draw
Column Templates "¢ Stream > | #stages Dptional Sids Diraws
view appears, listing e[ T e ] Tiee [ DanSiee]
the template files Ecttorn Stage Inlet
*.col that are I | n
provided in your =
UniSim Stage Nuberin Bottorns Liguid Dutlet
Design\template &+ Top Down i~ Bottam Up ad
directory. Both 3- and
4-side Stripper crude ey, | |=2e | Connections [page 1 of 4] Lancel
column templates are
provided.

3. Select 3sscrude.col The Input Expert is a Modal view, indicated by the absence of the
and click the OK .. L. . . .
button. The property Maximize/Minimize icons. You cannot exit or move outside the
view for the new Expert view until you supply the necessary information or click the

column appears. You Cancel button.
can now customize the

new column. When you install a column using a pre-built template, UniSim Design
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supplies certain default information, such as the number of stages. The
current active field is # Stages (Number of Stages), indicated by the
thick border inside this field. There are some other points worth noting:

e These are theoretical stages, as the UniSim Design default stage
efficiency is one.

e If present, the Condenser and Reboiler are considered separate
from the other stages, and are not included in the # Stages
field.

Entering Inlet Streams and Number of Trays

For this example, the main column has 29 theoretical stages.
1. Enter 29 in the # Stages field.

2. Advance to the Optional Inlet Streams table by clicking on the
<<Stream>> cell, or by pressing tab.

3. Click the down arrow =i to open the drop-down list of available

feeds.
Figure 2.78
Reflused Absorber Column Input Expel x|
Condenszer Energy Stream I 'I T —
" Tatal I :I'
Colurn Mame IT-1 oo 0 = Partial Ohd Outlsts
 Full Rfls I vl
1
Optional Inlet Streams —_— 3= 2 I~ ‘wiater Draw
Shream I lIrletStage [
= H Stages . Dptionsal Side Digws - ——

AG0O Steam _ — — — tream YpE raw Stage |
Diesel Steam " I28 ¢ Shream >

Tower Feed

Trim Dulg

j n-1
n
. Bottomnsz Liguid Outlet

Stage Numberin =

’7(: Top Down " Battom Up
< Prey | et > | Connections [page 1 of 4] Lancel

4. Select Tower Feed as the feed stream to the column. UniSim
Design supplies a default feed location in the middle of the Tray
Section (TS), in this case stage 15 (indicated by 15_Main TS).
However, the feed stream needs to enter stage 28.

5. In the Optional Inlet Streams group, click in the Inlet Stage cell for
TowerFeed.

6. Type 28 and press enter, or select 28_Main TS from the drop-
down list of stages.

7. Click on <<Stream>> in the same table, which was automatically
advanced down one cell when you attached the Tower Feed stream.
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8. From the Stream drop-down list, select the Trim Duty stream,
which is also fed to stage 28.

Optional Inlet Streams —_— — 3=

Shieam Inlet Stage | =
Tower Feed 28 Ma
Trim Duty 28 Ma ~|

9. Advance to the Bottom Stage Inlet field by clicking on it or by
pressing tab.

10.In the Bottom Stage Inlet field, click the down arrow x| to open
the drop-down list of available feeds.

11. From the list, select Bottom Steam as the bottom feed for the
column.

Entering Outlet Streams

In the Condenser group of the Input Expert view, the default
condenser type is Partial. To the right of this group, there are two
Overhead Outlets, vapour and liquid. In this case, the overhead
vapour stream has no flow, and two liquid phases (hydrocarbon and
water) are present in the condenser. The hydrocarbon liquid product is
attached in the liquid Overhead Outlets field, while the water draw is
attached using the Optional Side Draws table.

Figure 2.80

Congerser— — Overhead

€ Total Iﬁvapour

The water & Patisl O Outlets )
draw is  Full Rfls - product field.
att-aChed- [~ water Draw

using this Overhead
table. Optional Side Draws ||C|L||d

T Shream Type [ DrawStage | .
< Blieam product field.

Although the overhead vapour product has zero flow, do not change the
condenser to Total. At this time, only the Partial radio button allows
you to specify a three-phase condenser.

1. Click in the top Ovhd Outlets field.

2. Enter Off Gas as the name of the overhead vapour product stream.
UniSim Design creates and attaches a new stream with this name.

3. Press tab again to move to the bottom Ovhd Outlets field, and
enter the new stream name Naphtha.

The next task is to attach the water draw stream to the condenser.

2-62



Refining Tutorial 2-63

In the Optional Side Draws table, click in the <<Stream>> cell.

5. Enter the name of the draw stream, WasteH20. UniSim Design
automatically places a hydrocarbon liquid (indicated by the L in the
Type column) draw on stage 15. You will change this to a
condenser water draw.

6. Click on the Type cell (the L) for the WasteH20 stream.

7. Specify a water draw by typing W then pressing enter, or by
selecting W from the drop-down list.

8. Click on the Draw Stage cell (15_Main TS) for the WasteH20
stream.

9. Select Condenser from the drop-down list. The condenser is now
three-phase.

Figure 2.81

Condenger

(-. Tatal Ifoﬁas _I
i+ Patial Oxvhd Outlets

= Full Rfls Naphtha ,I

¥ wiater Draw |'/asteH20 vl
Optional Side Draws
B Stream Type [ Draw Stage
“wiasteH20 i Jndenser |:
14 Steam >3

10.In the Column Name field, enter Atmos Tower.

11.In the Bottoms Liquid Outlet field, type Residue to create a new
stream.

12.In the Condenser Energy Stream field, type Cond Duty to define
a new stream. Press ENTER.
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All stream attachments The first page of the Input Expert should appear as shown below.
made on this page

Cotumn sub-fiowsheet
Column sub-flowsheet Figure 2.82

streams with the same

names. For exam p le , Refluxed Absorber Column Input Expert [ |
when the Main Condenzer Energy Stream |Cond Duty hd Corderser
Flowsheet stream Fiiad B lorce: |
BottomSteam was Column Mame IAtmDs Towed 0 & Partial Ohd Outlets
attached as a feed, C FulRfs | [Haphiha |
PP . 1
UniSim [?es'gn Optional [nlet Streams — — 3= 2 [ “Water Draw IW’atelHZD VI
automatically created T Tnlel Stage [ =
an identical stream Il TowerFeed - | 28_Ma # Stages Optional Side Draws
Trirn Ciuty 28 Ma x| 0 R o Stream Tupe | Draw Stage|
named B-OttO mSteam to s IF WaterH 20 W [[andenser
be used in the Column Eottom Stage Inlet 2 Shream »»
sub-flowsheet. IBottom Steam vl 1
n
EBottoms Liguid Outlet
Stage Nurmberin Foide =
& Top Down " Bottom Up
< Prey | Negt » | Connections [page 1 of 4] Lancel

The Next button now becomes available, indicating sufficient
information has been supplied to advance to the next page of the
Input Expert.

13. Click the Next button to advance to the Pressure Profile page.

Entering the Initial Estimate Values

1. On the Pressure Profile page, specify the following:
e Condenser Pressure 19.7 psia
e Condenser Pressure Drop 9 psi
e Bottom Stage Pressure 32.7 psia

Figure 2.83

Refluxed Absorber Column Input Expert | x|
Condenzer Prezsure
19.70 pzia

Condenzer Preszure Drop

9.000 pzi

Bottom Stage Pressure

2. 70 psia

< Prew | Next > I Pressure Profile [page 2 of 4] Lancel
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2. Click the Next button to advance to the Optional Estimates page.
Although UniSim Design does not usually require estimates to
produce a converged column, good estimates result in a faster
solution.

3. Specify the following:

e Condenser 100°F
e Top Stage 250°F
e Bottom Stage 700°F

Figure 2.84

Refluxed Absorber Column Input Expert | x|

Optional Condenser
Temperature E stimate
100.0F
Optional Top Stage

— Temperature E stimate
250.0 F

L Optional Bottom Stage

Temperature Estimate
0.0 F
< Prew | Next » | Optional E stimates [page 3 of 4] Lancel

4. Click the Next button to advance to the fourth and final page of the
Input Expert. This page allows you to supply values for the default
column specifications that UniSim Design has created.

In general, a refluxed absorber with a partial condenser has two
degrees of freedom for which UniSim Design provides two default
specifications. For the two specifications given, overhead Vapour
Rate is used as an active specification, and Reflux Ratio as an
estimate only.

5. From the Flow Basis drop-down list, select Volume. All flow
specifications are provided in barrels per day.

6. Specify the following:
e Vapour Rate 0
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¢ Reflux Ratio 1.0.

Figure 2.85

Refluxed Absorber Column Input Expert [ x|

Wapour Rate ID oooa
Liguid Rate I

Fiefluz Aatio Flov B asis

< Prev | Done... | Side Ops » | Specifications [page 4 of 4] LCancel

7. Click the Done button. The Column property view appears.

Figure 2.86

Column: Atmos Tower / COL1 Fluid Pkg: Basis-1 / Peng Robinson 10l =|
Design Colurn Mame IAlmUS Tower Sub-Flawsheet Tag ICDLT Condenser
d ¢ Total ¢ Patial ¢ Full Reflus
Connections
. Condenzer Energy Stream
Monitor lﬁ
. I[Und Diuty vl Delta P Oif Gas
L 1 IS 000 psi Overhead Outlets
Specs Summary Naptha - I
Subcooling 1
Optional Inlet Streams
Hates : Stream Irlet Stage 2 P cond \pteet 126 s
- o of -
| Tower Feed 28 Ma 1_‘ S;;“j;g 13.70 psia Stream Type | DrawStage |
Trim Dty 28 _Ma |=| _ [| “/aste H2O i andenser
B G Ik n= El ED 24 Strean >
Eattom Stage [nlet _
Bothorn Steann hd nl 3270 psia
n
Stage Mumbering————————— o
& TopDown € Bottom Up Battoms Liguid Dutlet
= FResidue hd
Edit Traps... |
£
Designl Parameters I Side Ops IHating I forksheet I Performance I Flowsheet I Reactions I Dynamics |
Delete | Column Environment... | Run | Beset | _ [¥ Update Outlets [~ lgnored

Adding Specification Values

1. On the Design tab, select the Monitor page.

The main feature of this page is that it displays the status of your
column as it is being calculated, updating information with each
iteration. You can also change specification values, and activate or

de-activate specifications used by the Column solver, directly from
this page.
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The basic column has
three available degrees
of freedom. Currently,
two Specifications are
Active, so the overall
Degrees of Freedom is
one. The number of
available degrees of
freedom increases with
the addition of side
equipment.

The Draw Spec is
entered so that the
degrees of freedom is
kept at zero throughout
this tutorial. It is good
practice to keep the
degrees of freedom at
zero as you modify your
column so that you can
solve the column after
every modification.

v

The current Degrees of Freedom is one, indicating that only two
specifications are active. As noted earlier, a Refluxed Absorber with
a partial condenser has two degrees of freedom and, therefore,
requires two active specifications. In this case, however, a third
degree of freedom was created when the Trim Duty stream was
attached as a feed, for which the heat flow is unknown. UniSim
Design has not made a specification for the third degree of
freedom, therefore you need to add a water draw spec called
WasteH20 Rate to be the third active specification.

Select the Specs page. Here you will remove two specifications and
add one new specification.

In the Column Specifications group, select Reflux Rate and then
click the Delete button.

Delete the Btms Prod Rate specification also.

Next you will add the WasteH20 Rate specification. Click the Add
button. The Add Specs view appears.

Select Column Draw Rate and click the Add Spec(s) button. The
Draw Spec property view appears.

In the Name cell, type WasteH20 Rate. No further information is

required as this specification is de-activated and only estimated
when you run the column.

Figure 2.87

Draw Spec: WasteH20 Rate

JHIIE

Mame W asteH20 Hate
Diraw << Sheam »»

Flovs Basis “olume

Spec Value <emphy:

Parameters

Delete |

Summary Spec Type

8.

9.

Close the view. The new specification appears in the Column
Specifications group. The Degrees of Freedom is now zero.

Select the Connections page. See Figure 2.86.

The Connections page is similar to the first page of the Input
Expert. Currently, the column is a standard type, so this page
shows a column schematic with the names of the attached streams.
When the side equipment is added to the column, the page
becomes non-standard. There are a large number of possible non-
standard columns based on the types and numbers of side
operations that are added. Therefore, UniSim Design modifies the
Connections page into a tabular format, rather than a schematic
format, whenever a column becomes non-standard. In the next
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When you install side
equipment, it resides in
the Column sub-
flowsheet. You can build
a complex column in the
sub-flowsheet while in
the Main Flowsheet, the
column appears as a
single operation. You
can then transfer any
needed stream
information from the
sub-flowsheet by simply
attaching the stream to
the Main Flowsheet.

section you will add the side equipment and observe how the
Connections page is modified.

Installing the Side Strippers

1.

2.
3.

Click the Side Ops tab of the Column property view.

Figure 2.88

Column: Atmos Tower / COL1 Fluid Pka: Basis-1 / Peng-Robinson

Side Ops —Side Stripper Summary

Fiebailer Duty

Side Strippers # Stages|  Lig Draw Stage “Yap Return Stage Clutlet Flaw [Bturhi]

Side Rectifiers

Pump Arounds

“ap Bypasses

Side Draws

Flow Basi
’7(2‘ Molar © Mass € Vaolume Wiew | Add... | Delete | Side Ops Input Expert....

D esign I Parameters ~ Side Ops I Fating I ‘workshest I Performance I Flowshest I Reactions I Dyramics |

Delete | Column Environment.. | Fiun | Feset | _ ¥ Update Outlets [~ lgnored

On this tab, you can Install, View, Edit, or Delete all types of Side
Equipment. The table displays summary information for a given
type of side operation, depending on the page you are currently on.

Ensure that you are on the Side Strippers page.
Click the Add button. The Side Stripper view appears.

Figure 2.89

Side Stripper - 551 M= E3

Mame |55

Betumn Stage
7 LConfiguration————
& Reboiled
LI £~ Steam Stipped

Draw Stage

Flow Basis — t—1 Bail Up Ratio
& Molar e
 Mass
 Volume
€ Stdalume Product Stream Information
[Product Stream <emplyr |
Delete Irstall | [Draw Spec —1 <emplys |
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In the Name field, change the name to KeroSS.

In the Return Stage drop-down list, select stage 8 (8_Main TS).

In the Draw Stage drop-down list, select stage 9 (9_Main TS).
In the Flow Basis group, select the Std Ideal Vol radio button.

the k = and Boil Up In the Product Stream field, enter Kerosene.

Ratio fields at their

defaults. The straight run product distribution data calculated during the Qil
Characterization appears in the figure below.

Figure 2.90

This is a reboiled 3-
stage stripper with a
0.75 boil up ratio, so
leave the
Configuration radio
button at Reboiled, and

® N o v

~Cut Distribution
Narne BE[DF‘T I ErEg] I Fraction
Lt St Run 1003 1580 0.033
Maphtha 158.0 356.0 0172 K_e rO.Sene
Kerozene 356.0 464.0 o1z, —=— Liqu id
Light Diesel 4640 | 5540 0.089 Volume
Heawy Diesel 5540 E44.0 0.083 .
AmGasOil | B440| £330 0043 Fraction

Residus B33.0 1441 0.444

The Kerosene liquid volume fraction is 0.129. For 100,000 bbl/day
of crude fed to the tower, Kerosene production can be expected at
100,000 * 0.129 = 12,900 or approximately 13,000 bbl/day.

9. In the Draw Spec field, enter 13000. The completed Side
Stripper view appears below.

Side Stripper - KeroSs [_ O]
HName IKBroSS
FEietumn Stage
I 8 MainTS vl
1 Configuration————
Diraw Stage 2 ¥ Reboiled ;
I 9_ManT5 j " Steam Stripped
k=fz
k1 Boil Lp Rat
Flow Basis——— k gof-p hatio
£ Molar e
 Mass
(& Std ldeal Vol
" Vol @ Std Cand Product Stream Specs
Product Stream Kerosene
Delete | Install | Draw Spec 1.300=+004 barrel/

10. Click the Install button, and a view summarizing your input
appears.
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11. Click the Close icon to return to the Column property view.

Summary information for the new side operation appears in the
table on the Side Ops tab.

Close icon

Side Stipper Summar

) Clutlet Flow Fiebailer Duty
it Stagez |  Lig Draw Stage “Wap Return Stage [bmale/h] [Btushr]

Kemss 3 9 Main TS 8 Main TS <emphy: <empty>

12. Use the previous steps to install the two remaining side strippers
DieselSS and AGOSS. These are both Steam Stripped, so choose
the appropriate Configuration radio button and create the Steam
Feed and Product streams as shown in the following figures. The
@COL1 suffix is added automatically.

The completed DieselSS and AGOSS side stripper views appear
in the following figure.

d pper - Diese o ] e de pper - AGO o ] o
Name |Dbsa88| Name IAGDSS
Betum Stage Beturn Stage
ITB_Main TS vl 21__Main TS 'I
—_— 1 -Configuratior————— _— g 1 LConfiguration—————
Draw Stage 2 = Reboiled . Draw Stage E = Reboiled ;
I 7 ManT5 LI + Steam Stipped I 7 ManTs ;I {+ Steam Stipped
= lg_ k= |3_
Steam Feed Steam Feed
k-1 Digsel Steam Vl le-1 |AG0 Steam Vl
[ [Ekesi———— k = Flaws Basis——— ke =
= Molar " Molar
 Mass " Mass
(@ Stdldeal Vol & Std [deal Vol
Vol @ Std Cond Product Stream Specs € %ol @ Std Cond Product Stream Specs
|Product Stream | Diesel | |Product Stream | AGD |
Delete Install | |Drav Spec |7, 700=+004 Barrel/ | Delete Install | |DrawSpec I 5000 banel/day |

Although not a requirement, the names of the Steam Feed
streams created for these side strippers are identical to the
names of the utility steam streams that were created
previously in the Main Flowsheet. The conditions of these
Steam Feed streams, which reside in the Column sub-
flowsheet, are unknown at this point. The conditions of the
Main Flowsheet streams are duplicated into these sub-
flowsheet streams when the stream attachments are
performed.
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The completed Side Stripper Summary table appears below.

Figure 2.94

Side Stipper Summary

. Outlet Flow Reboiler Duty

# Stages | Lig Draw Stage fap Return Stage bmaleski] [Bu/hi]
Kero5s 3 9_ Main TS 8 Main TS <emplys <emphys
Diesel55 3 17_Main TS 16__Main TS <emplys <emphys
AGOSS 3 22 Main TS 21__Main TS <emplys <emphys

13. Click the Design tab and select the Monitor page.

The Specifications table on this page has a vertical scroll bar,
indicating that new specifications have been created below the
default ones. Resize the view to examine the entire table.

14. Click and drag the bottom border of the view down until the scroll
bar disappears, making the entire matrix visible.

The addition of the side
strippers has created
four more degrees of
freedom above the basic
column, resulting in a
total of seven available
degrees of freedom.
Currently, however,
seven Specifications are
Active, so the overall
Degrees of Freedom is
zero.

Specified Yalue Current W alue Wt Error Active |Estimate) Cument
Reflux R atio <emphy> <emphyr ra =l v
Distilate Rate <empty> <emply> <emphy rd v [V
/ap Prod Rate 0.0000 barrel/day <emptys <emphy C rd ul
"o asteH20 < emplys <emphys < emphys v v v
Kera55 Prod Flow 1.3002+004 barrel/day <emply> <Emphy [ [ [
Kein55 Boillp Ratio 07500 <emphy> <emphyr ra a v
Diesel55 Prod Flow 1.7002+004 barrel/day <emply> <emphy rd v [V
AGOSS Prod Flaw 5000 barrel/day <empty> <emph ra ra v

The installation of the side strippers created four additional degrees
of freedom, so UniSim Design created a Prod Flow (product flow)

specification for each side stripper, plus a BoilUp Ratio

specification for the Kerosene side stripper. The new specifications

were automatically made Active to exhaust the four degrees of
freedom, returning the overall Degrees of Freedom to 0.

Installing the Pump Arounds

1. Click the Side Ops tab and select the Pump Arounds page.
Click the Add button. The initial Pump Around view appears.

In the Return Stage drop-down list, select stage 1 (1_Main TS).
In the Draw Stage drop-down list, select stage 2 (2_Main TS).

H W

2-71



2-72 Steady State Simulation

5. Click the Install button, and a more detailed Pump Around view

appears.
Figure 2.96
Pump Around - PA_1 [_ O] =]
1st Active 2nd Active Spec
[l P& 1 RatelPa) | [I Pa_1_DtPa)
| <emphy> | | <emphy>
Beturn Stage
I 1_Main TS -
I~ Aaueous Calculated Information
Diraws Tem <emphy:
Draw Stage dr <emply>
2 ManTS = Fieturn Temp. <emphy
Flow Fiate <emphy:
Dty <emply>
i Fump: | i Walve |
Delete F&_1

Each cooled pump around circuit has two specifications associated
with it. The default Pump Around Specifications are circulation
rate and temperature drop (Dt) between the liquid draw and liquid
return. For this example, the Dt specification is changed to a Duty
specification for the pump around cooler. The pump around rate is
50,000 bbl/day.

1t fctive 2nd Active Spee 6. In the empty cell under the PA_1_Rate(Pa) specification, enter
P& 1 Rate[Pa Pa_1_Dt[Pa) 5e4_
l 5.000e-+004 banel:’-‘ <emply>
7. Double-click in the blank space under the PA_1_Dt(Pa)
specification, and the Spec view appears.

In the Spec Type drop-down list, select Duty.
in the Spec Value cell, enter -55e6.

Figure 2.97

Pump Around Spec: PA_1_Dutyl... M= E3

®

Notice the negative sign
convention indicates
cooling.

©

[Spec Type

|| Dty LI |
Mame P&_1_Dut(Pa)
Pump Around

Spec Valus -5.500e+007 Btu/ht

Parameters | Summary Spec Type

Delete
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[ay

10. Click the Close icon to return to the Pump Around view.

Figure 2.98

Pump Around - PA_1 M= B3

1st Active 2nd Active Spec
[ P& 1 Rate[Pa] | | Pa_1_Duty(Pa)
|[5.000e+004 barrelh | []5.500+007 Bturh

Beturn Stage

I 1_Main TS -

i Calculated Information
Diraws Termp. < emphys
Draw Stage dT <emphy>

5 Man TS = Rieturn Temp. <emphy

Flow Rate <emply>
Dty -5.500e+007 Bt

iew Eump, | Wiew Walve |

Delete P&_1

The remainder of the information on the above view is calculated by
the Column solver.

11. Click the Close icon on the main Pump Around view to return to
the Column property view.

- Click the Add 12. Repeat the previous steps to install the two remaining pump
button. arounds. Enter Rate specifications of 3e4 barrel/day and Duty
- Specify the Return specifications of -3.5e7 Btu/hr for both of these pump arounds.
Stage and Draw o
Stage. The completed Pump Around views and Liquid Pump Around
. Click the Install Summary table appear in the following figures.

button. The second

view appears. Figure 2.99

. Specify the 1st
Active spec. Pumy Around - Ph.2 Pl E3
. Double-click the
em pty cellin the 2nd 13t Active 2nd Active Spec 13t Active 2nd Active Spec
Active spec. [ Fi_2 Rate(Pa) | [] Pa_2_Duty(Pa) [ P&, 3 FatelPal | | PA_3 Duty[Pa)
(1 3.000e+004 bameld | | -3 500e+007 Btudh [12.000+004 barrel4 | |]-3.5002+007 Btuhr
. Select Duty from the -—
_ Fietumn Stage Beturn Stage
Spec Type drOp |1E_MainTS vl |21_MainTS -
down list. Calculated Inh 1y Calculated Inf I
AOuenus Alculated Intormation Agueous alculated Informabon
. Enter the Spec Bl Diraw Temp. <emphy = Draw Tem <emphy>
Diraw Stage dT <emply> Draw Stage dr <emphy>
Value. i Mai 5 = Return T emp. Cemply> |_22Ma|?ﬂ—5;[ Feturn Temp. Cemply>
s = Flaw Rate <emphy> = Flow Rate <emphy>
- Close the view. Duty 2 500e+007 Bt Duty 3 50e+007 Bt
Wiew Fump iew W alve “iew Pump: | Wiew W alve
Delete | P4 Delete Pa_3

Figure 2.100

Liguid Pump Around Summar

Dirave Stage Return Stage [Ibnftlj:/hr] [B[I):-Sir] Dr?;\]/ U Hat[t;r]n U Expart
Pa_1 2 _MainTS 1__MainTS <emphy> 5.5002+007 | <emptys | <emphys | [
Fa_2 17__Main TS5 16__Main TS5 ampys 3 A00e+007 | <emptyy | <emphys | [T
Fa_3 22_Main TS 21__Main TS <emply> | -2000e+007 | <empty> | <emply: | [
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The addition of the
pump arounds has
created six more
degrees of freedom,
resulting in a total of

13.Click the Design tab and select the Monitor page. Re-size the

property view again so the entire Specifications table is visible.

i Specification
Specified Yalue Current Yalue ‘wit Emor | Active | Estimate| Current
Distillate Rate <Emply <empy> <emply> v [ rd
‘Wap Prod Rate 0.0000 barrel/day <empty> <emply> ml v C
Fieflux Ratio < emptys <emphys <emphys v v d
‘wasteH20 Rate <Bmply> <emply> <emply> v v v
KernSS Frod Flow 1300 barrel/day <emphy> <Emphys v v ral
Kera5S Boilllp Ratio 0.7500 < Ermphyr <Emphys I~ I~ v
Diesel55 Prad Flaw 17000 barrel/day <empty> <emply> rd rd rd
AGOSS Prod Flow 5000 barrel/day <emphy> <emphy> v v a
P&_1_Rate[Pa] 5. 000e+004 barrel/day <emphy: <emphy: v v v
F&_1_Duty[Pa) -5.500e+007 Btushr -5, 50e+007 0.0000 i rdl rd
Ph_2 Fate[Pa] 3.000e+004 barrel/day <emphys <emphyz v rd v
P&_2 Duty[Pa) -3.500e+007 Btudhr -2.50e+007 0.0000 v v v
P&_3_Rate[Pa] 3.000e+004 barrel/day <emphys <emphys I~ I~ v
P&_3 Duty(Pa) -3.500e+007 Bturhr -3.50e+007 00000 v v v
Wiew... I Add Spec... I Group Active Update Inactive | Deqrees of Freedom IU

The addition of each pump around created two additional degrees of
freedom. As with the side strippers, the specifications for the pump
arounds have been added to the list and were automatically
activated.

13 available degrees of
freedom. Currently, 13
Specifications are
active, so the overall
Degrees of Freedom is

14. Select the Connections page.

zZero.
Column: Atmos Tower / COL1 Fluid Pka: Basis-1 / Peng Robinson 10l =|
Design Column Hame  [Atmos Tower Sub-Flowsheet Tag ICDU
Connections rInlet Stream: Stage Mumberin
Maritar Intemal Stream Extemnal Stream Inlet Stage Transfer Basiz Split | | & TooD
5 Bottam Steam | Bottom Steam 29 ManTS F-H Flash [ R Lawn
= Tower Feed | Tower Feed 2F_MainT5 FHFlsh | [ " Battom Lp
Specs Summary Trirn Cruty Trirn Chuty 28 ManTS Mone Feg'd = :
Subeosiing KemSS_Energy | << Stream > KeroSS_Reb Mone Req'd [ ] Edit Traps |
- Diesel Steam | Diesel Steam 3 Diezel55 F-H Flazh [
otes AGO St AGD St 3_AGOSS P-H Flash
=AM | LT eAm — esh | L] | 1 st et

~Outlet Stream:
— IB 000 psi
Internal Stieam Exteinal Stream Outlet Stage Type Transfer Basizs & df Top 2

Residue Flesidue 29 ManTS L P-H Flash _I -
Maptha Maptha Condenger L F-H Flash P Top I1 I
Off Gas Off Gas Condenser W P-H Flash
Cond Ciuty Cond Cruty Condenser v} Mone Req'd dF Bot I<ampty>
Waste H20 Waste H20 Condenser L

F-HFlash &
Ll_l LH P Bot |31 70 psia
=
Designl Parameters I Side Ops Iﬂating I ‘workshest I Performance I Flowshest I Reactions I Dyramics |

Delete | Colurnn Environment.. | Run | Feset | _ i

t& [ lgnored

The Connections page of a standard refluxed absorber property
view is essentially identical to the first page of the refluxed absorber
Input Expert, with a column schematic showing the feed and
product streams. Side equipment have been added to the standard
refluxed absorber, however, making the column non-standard. The
Connections page has therefore been modified to show tabular
summaries of the Column Flowsheet Topology (i.e., all
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equipment), Feed Streams, and Product Streams.
The column has 40 Total Theoretical Stages:

29 in the main tray section

1 condenser for the main column

9 in the side strippers (3 side strippers with 3 stages each)

e 1 reboiler for the Kerosene side stripper

This topology results in 4 Total Tray Sections—one for the main
column and one for each of the three side strippers.

Completing the Column Connections

When the stream attachments were made on the initial page of the
Input Expert, UniSim Design automatically created Column sub-
flowsheet streams with the same names. For example, when Bottom
Steam was attached as a column feed stream, UniSim Design created
an identical sub-flowsheet stream named Bottom Steam. In the Inlet
Streams table on the Connections page, the Main Flowsheet stream
is the External Stream, while the sub-flowsheet stream is the
Internal Stream.

Inlet Stream:

Internal Streamn External Stream Irlet Stage Transfer Basis plit | «|
Bottom Steam | Boltom Steam 29 MainTS F-H Flash - J
Tower Feed Tower Feed 28 Main TS FH Flash
Trim Dty Trim Duty 28 Main TS Mone Req'd
KemSS_Energy | << Stream > KeraSS_Feb Mone Req'd
Diegel Steam | Diesel Steam 3 DiezelS5 F-H Flazh
AGO Steam AGO Steam 3 _AGOSS F-H Flazh j

If you scroll down the list of Inlet Streams, notice that the two side
stripper steam streams, DieselSteam and AGOSteam, are Internal
and External, meaning that these streams are attached to the Main
Flowsheet streams that were created earlier.

For the purposes of this tutorial, it is not required to export the pump
around duty streams PA_1_Q, PA_2_Q, and PA_3_Q to the Main
Flowsheet, so their External Stream cells remain undefined.

Adding Column Specifications

Select the Monitor page of the Column property view.

The current Degrees of Freedom is zero, indicating the column is
ready to be solved. Before you run the column, however, you will have
to replace two of the active specifications, Waste H20 Rate and
KeroSS BoilUp Ratio, with the following new ones:
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Add Specs - Atmos Tow... B

Column Specification Types

Column Cold Properties Spec &
Column Companent Flow ol
Column Compaonent Fraction
Calurn Companent Ratio

Column Component Recovery
Colurin Cut Point

Coluriin Draw Rate

Column DT [Heater/Cacler] Spet
Column Dt Spec

Colurnn Duty

Columnn Doty B atio

Column Feed Ratio

Column Gap Cut Point

Colurn Physical Properties Spec
Colurmn Pump Around

Column Febail Fiatio Spec

Column Recavery

Column Reflus Feed Ratio Spec
Column Reflus Fraction Soec LI

fdd Specs].. |

e Overflash specification for the feed stage (Tray Net Liquid Flow
specification)
e Kerosene side stripper reboiler duty specification

Adding the Overflash Specification

On the Design tab, move to the Specs page.

Figure 2.104

Column: Atmos Tower / COL1 Fluid Pkg: Basis-1 / Peng Robinson - | m] 5'

rColumn Specifications———  ~Specification Detail

Deszign

¥ Active

Distilate Rate - Wiew... | I
Connections \éaﬁ P“;‘d Rate ks Spec Mame  [%/asteH20 Rate [# Use s Estimats
Moritar Feflux Hatio "
Add... Converged 7 ]j ¥ Curent

Spece i - .
Specs Summany Kero55 Boilllp Ratio Delste | I~ D Flow Basis

) Diesel55 Prod Flow ~Spec Typ
Subcooling AGOSS Prod Flow G T e = |
Motes Ez::}:g St:[[gaa]] LI !ﬁnaw’mtamate Spec ! Frimnary !

Update Specs from Dynamics | mvalu

Specification Yalus [ <emplys |
Default Basiz I Yolume ,l Current Calculated 'alue | cemphys |

~Emar
Degrees of Freedom ID
weighted Tolerance 1.000e-002
“weighted Calculated Emor <emptys
Absalute Tolerance 151.0 barrel/day
Switch Tio Alermate Specs | Absolute Calculsted Emror <Bmptys

-
Designl Parameters I Side Ops IHating I “wforksheet I Performance I Flovishest I Reaclions I Dyramics |

Delete | Calumn Erviranment... | Run | Beset | _ [~ Update Outlets [ lgnored

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

Select Column Liquid Flow as the Column Specification Type.

Click the Add Spec(s) button, and the Liq Flow Spec view
appears.

Change the name from its default to Overflash.

In the Stage cell, select 27_Main TS from the drop-down list of
available stages.

A typical range for the Overflash rate is 3-5% of the total feed to the
column. In this case, the total feed rate is 100,000 barrels/day. For
the Overflash specification 3.5%, or 3,500 barrels/day is used.
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7. In the Spec Value cell, enter 3500.

Liq Flow Spec: OverFlash |_ (O] x|
Mame OwerFlash
Stage 27__Main TS
Flove Basis Std |deal ol
Spec Value 3500.00 barrel/day

Parameters | Summary Spec Type

Delete |

8. Close the view to return to the Column property view. The new
specification appears in the list of Column Specifications group on
the Specs page.

Adding the Duty Specification

1. Click the Add button again to add the second new specification.

2. Select Column Duty as the Column Specification Type, then click
the Add Spec(s) button. The Duty Spec view appears.

3. In the Name cell, change the name to Kero Reb Duty.

4. In the Energy Stream cell, select KeroSS_Energy @COL1 from

the drop-down list.
5. In the Spec Value cell, enter 7.5e6 (Btu/hr).

Figure 2.106

Duty Spec: Kero Heb Duty |_ O] x|
Mame Fero Reb Duty
Erergy Stream wei055_FErergy @COLT
Spec Value 7.5e+006 Etulhe

Parameters | Summary Spec Type
Delete |
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If the column begins to
run on its own before you
click the Run button, click
the Stop button and
continue activating or
deactivating
specifications.

2-78 Steady State Simulation

6.

Close the view to return to the Specs page of the Column property
view. The completed list of Column Specifications is shown in the
figure below

Figure 2.107

~Column Specifications

ReflLx Ratio View... |
Distillzte: B ate —

‘¥ap Prod Rate

WasteH20 Rate Add..
Kero5S Prod Flow

Kero55 BolUp Ratio Delets |
Diesel55 Prod Flow

AGOSS Prod Flow

P&_1_Rate[Pa)

Pa_1_Duty(Pa)

P&_2_FRate[Pa)

Pa_2_Duty(Pa)

P4_3_Rate[Pa]
3 Duty[Pa]

Update Specs from Dynamics |
I Wollrne vl
Degrees of Freedam ID

Default B asis

Running the Column

1.

® N o v B

Select the Monitor page to view the Specifications matrix.

The Degrees of Freedom is again zero, so the column is ready to
be calculated, however, a value for the distillate (Naphtha) rate
specification must be supplied initially. In addition, there are some
specifications which are currently Active that you want to use as
Estimates only, and vice versa.

Make the following final changes to the specifications:

In the Specified Value cell for the Distillate Rate specification,
enter 2e4 (barrel/day).

Activate the Overflash specification by clicking its Active
checkbox.

Activate the Kero Reb Duty specification.

Activate the Vap Prod Rate specification.
Deactivate the Reflux Ratio specification.
Deactivate the Waste H20 Rate specification.
Deactivate the KeroSS BoilUp Ratio specification.

UniSim Design begins calculations and the information displayed on
the page is updated with each iteration. The column converges as
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shown in the figure below.

Figure 2.108

The column temperature profile is shown
here. You can view the pressure or flow
profiles by picking the appropriate radio
button.

Spec error.

Design

Connections
Monitor

Specs

Specs Summary
Subcooling

Noles

This matrix displays the
Iteration number, Step size,
Equilibrium error and Heat/

Column: Atmos Tower / COL1 Fluid Pka: Basis-1 / Peng-Robinson

Input Summary

Profil
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=

=
| Step E quilibrium Heat/Spec | o ; ;Emp ‘__;.df =
4| 1.0000 0.003138 0.002816 1ess ey f.u:-"'
] 0000 0.000&14 0.00M218 || £ Flaws amo
E .00o0 0.000119 0.000531 ! ann
7| 1.0000 0.000023 f.o0za7 ||
8 aood 0.000005 0onming | «| 5 015 @ X ;B L
~Specification:
Specified Yalug Current Valug it Enor | Active | Estimate| Curent_ |
Reflux Fiatio 1.000 0.369 -0.6308 - I r _I
Distillate R ate: 2.000e+004 barrel/day 2.00e+004 0.0000 ~ v ~d
/ap Prod R ate 0.0000 barrel/day 3.16e-003 0.0000 ~ ~ W
‘wWasteH 20 <emplys <emplys <empty> v
KeroSS Prod Flow 1.300e+004 barrel/day 1.20e+004 0.0000 ~ v v
KeroSS Boillp Ratio 0.7500 0.545 0.2054 v m
DiezelSS Prod Flow 1.700e+004 barrel/day 1. 70e+004 0.0001 v v v
AGOSS Prod Flow 5000 barel/day 5.00e+003 0.0002 v [ W LI
Wigw... I Add Spec. | Group Active | Update Inactive I Degress of Freedom u

—
Designl Parameters I Side Ops Iﬂating I ‘workshest I Performance I Flowshest I Reactions I Dyramics |

Delete | Column Enviranment.. | Run | Beset |/_ [¥ Update Dutlets [~ lgnored

The status indicator has changed from Unconverged to Converged.

The converged temperature profile is currently displayed in the
upper right corner of the view. To view the pressure or flow profiles,
select the appropriate radio button.

Feed/Products page to see a more detailed stage summary.

Click on the Performance tab, then select the Column Profiles or
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The Column Profiles page appears below.

Figure 2.109

Performance

Summary
Column Profiles
Feeds/Products
Flots

Column: Atmos Tower / COL1 Fluid Pkg: Basis-1 / PengRobinson

- Basi
;::ﬁ: g:t:g ggg;; ‘ & Flows " Energy | ’7  Molar Mass (5] |
Temperature Pressure Met Liquid Met W apour Met Feed Met Draws ;I
[F] [psia] [barrelday] [barrel/day] [barrel/day barrel/day _I
*Condenser 1665 18.70 7221.54 20862
1_Main TS 297.4 2870 929721 280837 50002
2_MainTS 3342 28.84 555377 E38321 S0002
3_MainTS 356.9 28.99 hE098.9 7E399.4
4_ Main TS 3E7.0 2913 B8529.6 7R3E0.E
5_Main TS 3Fa.0 29.27 58165.3 79391.3
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7_MainT§ 389.7 2956 B5848.2 781391
B_MainTS 3587 2870 hag2h 7E709.9 3076
9_Main TS 409.3 29.84 349045 T136E.E 16308
10_Main TS 424.0 29.33 32481 EATEE.S
11_Main TS 435.9 2013 321382 E7110.4
12__Main TS 44510 30.27 311421 E5337.5
13_Main TS 452.2 and1 299683 E5004.4
14_Main TS 4587 3056 282367 E3830.6
15_Main TS 4EE.0 30.70 25126.2 E2033.0
16__Main TS 4768 a0.84 712750 BE937.5 24743
17_Main TS B07.4 30.93 169365 703343 51539
18_Main TS 5478 .13 136124 E7645.0
19_Main TS BEG.5 .27 118408 E4270.9
20__Main TS 5730 a4 10480.2 E2433.4
21_Main TS 5772 31.56 532485 E1138.7 32188
22_Main TS EO7.5 .70 177624 7171491 arme
23 _Main TS E30.6 31.84 15652 2 73251.0
24 Main TS £40.2 31.93 135302 71140.7
25 Main TS E45.7 3213 115487 ES0187
26__Main TS E50.0 3227 4180.83 E7037.3 -

Design I Parameters I Side Ops

IHating I forksheet Pelfolmancel Flowsheet I Reactions I Dynamics |

Delete |

Column Environment... | Run

Feset |

| Converged | ¥ Update Outlets [~ lgnored

In the Basis group near the top of the view, select the Liq Vol radio
button to examine the tray vapour and liquid flows on a volumetric

basis.

Viewing Boiling Point Profiles for the
Product Stream

You can view boiling point curves for all the product streams on a single

graph:
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1.

On the Performance tab, click on the Plots page.

Column: Atmos Tower / COL1 Fluid Pkg: Basis-1 / Peng Robinson

e _._ r~Tray by Tray Propert
SumERy Temperature
Pressure
Calurmn Profiles Flaw
Transport Properties
Feeds/Praducts Composition
K Valugs
[Pzt Light/Heawy Key

rr—— | ~Calump Tray Fang;

Lol
“iew Table... |
i Single Tower
[~ Live Updates
£ From/To

Molecular 4wt &
Density Assay
User Properties

Refinery dzzay Cuves

Hoiling Point Assay

: Wiew Graph... |

“Wiew Table... |

Desigh I Parameters I Side Ops I Rating I Worksheet Pelfolmancel Flowsheet I Reactions I Dypnanics: I Distop |

Delete |

Column Environment... |

Fiun |

Geset | IDSREGEN

W Update Outlets [~ lgnored

In the Assay Curves group, select Boiling Point Assay.
Click the View Graph button, and the Boiling Point Properties

view appe

Boiling Point Properties [ No Tray Attach.__ [B[=] B3

ars.

Boiling Poi

int Properties

Tempembe

Perceni Gompcsl len

No data is plotted
on the graph,
since there is
currently No Tray
Attached, as
shown in the title
bar.
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4. Click the Profile Data Control button, and the Data Control view
appears as shown below.

Data Control: x|
Syl ~Basi

i bud Tray i+ bdalar

i Single Tray i Mass

I—L[ € Liguid %ol

Propetties Pha

I~ TBP [~ “apour

I~ ASTM DEG [~ Light Liquid

I™ D86 Crack Reduce: ™ Heavy Liquid

™ D1160 Vac

™ D11BOATM isible Points——

™ Daggr & 15 Paints

31 Paints

You can view boiling 5. Select the Multi Tray radio button in the Style group. The Data
point properties of a Control view is modified, showing a matrix of column stages with a
single tray or multiple
trays. The boiling point checkbox for each stage.
properties of all stages, 6. Activate the following stages by clicking on the corresponding
from which products are .
drawn, are important for checkboxes:
this Tutorial.

Condenser (Naphtha product stage)

29_Main TS (Residue)

KeroSS_Reb (Kerosene)

3_DieselSS (Diesel)

3_AGOSS (AGO)

The TBP profile for the light liquid phase on each stage can be
viewed, on a liquid volume basis.

7. Select TBP in the drop-down list under the tray matrix in the Style
group.
8. In the Basis group, select the Liquid Vol radio button.

9. Activate the Light Liquid checkbox in the Phase group to activate
it.

10. Leave the Visible Points at its default setting of 15 Points. You
can display more data points for the curves by selecting the 31
Points radio button.
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The independent (x-
axis) variable is the
Assay Volume Percent,
while the dependent (y-
axis) variable is the TBP
in °C.

Move the graph legend
by double-clicking inside
the plot area, then click
and drag the legend to
its new location.

o

PFD icon

Workbook icon

&

Column Runner icon

The completed Data Control view is shown below.

Data Control:

Syl —Basi

& tulti Tray © Molar

= Single Tray  Mass

2 Diesels [T | | | Liguidval
3_ DiegelsS Al

1_AGOSS | Pha
2_AGO0SS mll| B Yaprm

3 AG0SE |V v | |7 Light Liauid

Al | Invert | Mone [ Heavy Liquid

—Wisible Points———
+ 15 Paints
= 31 Paints

11.Click on the Close icon [X to close the Data Control view. You return
to the Boiling Point Properties view, which now displays the TBP
curves.

12. Make the Boiling Point Properties view more readable by clicking
the Maximize icon in the upper right corner of the view, or by
clicking and dragging its border to a new view size.

The Boiling Point Properties view is shown below.

Boiling Point Properties M=l E3
Boiling Point Properties
160000
—5-  Condenzer (Light)
140000 4 20_Min TS (Light)
—=-  KeroS5_Reb (Light)
1200004 5 3 Dieselss lght)
3__ARDSS (Light)
2 100000
=3
=
o E00.00
g
= o000 — S
a00.00 Ji B | s
;a—&—g § ___Ef__;;_a—a—’a‘ﬁa
| _———
200,00
.00
000 1000 2000 000 4000 5000 GO0 OO0 8000 9000 10000
Percent Liguid Yolume Composition
Frofile Data Control |

13. When you are finished viewing the profiles, click the Close icon.

Moving to the Column Sub-Flowsheet

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

Maximize icon

[=m]

Zoom All icon

“Wiew Properties
Frint D atasheet...

Steady State Simulation

Cut/Paste Objects

-

22ML Data Exchange...

Special Function...

Hide
¥ Delete

Show T able
Format Label
Move/Size Label

Select For Sizing

Remave Selection For Sizing

G‘; Transform
Change loon...
Luto-Position

Drraw Wire Frame

Show Trays...
Expand

Object Inspect menu

1. Click the Column Environment button at the bottom of the column
property view.
2. While inside the column environment, you might want to:

e view the Column sub-flowsheet PFD by clicking the PFD icon.

e view a Workbook of the Column sub-flowsheet objects by
clicking the Workbook icon.

e access the “inside” column property view by clicking the
Column Runner icon. This property view is essentially the
same as the “outside”, or Main Flowsheet, property view of the
column.

The Column sub-flowsheet PFD is shown below.

— T
FAl1_Q-Coaler
—b—b_‘f
PA_1_Return )
A_1_Cooler 2
F'A_15raw _8
FA_3_Q-Coaler _9
e — |
PA(2 Covter o~ |1 Mein TS L Keroseen
PA_a_m PA_2_Drau ’E - KeroS5_ToReh Koroaene
FA_3_Retum 122 DleseIS‘E‘.__Return
P ‘__E,.? Diesel55_Draw
T PA_3_Draw 2 DieselSs
Tower Feed AGOBE_Return
\‘ AGOSS_Draw
Trim —
ol : =
BSIdUR I
Etoéor;n AGoagam Diesel
L o
AGO

Customizing the Column PFD

You can customize the PFD shown above by re-sizing the column and
“hiding” some of the column trays to improve the overall readability of
the PFD. To hide some of the trays in the main column:

1.
2.

Click the PFD icon to ensure the column PFD is active.

Click the Maximize icon in the upper right corner of the PFD view
to make it full-screen.

Click the Zoom All icon at the bottom left of the PFD view to fill the
re-sized PFD view.

Object inspect (right-click) the main column tray section and the
object inspection menu appears.

Select Show Trays from the object inspection menu. The Stage
Visibility view appears.
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6. Select the Selected Expansion radio button.
7. Click the Check All button.
8. Hide stages 4, 5, 6, 11, 12, 13, 14, 24, 25, and 26 by deactivating

their Shown checkboxes.

Stage Visibility [ %]

"TraySeclionHep\ nkatiorn ‘

™~ Full Expansion % Selected Expansion

~Selected Contrat

Stage Shown| Check all |
Uncheck all

M
=
@
=
=
@
LI R i VR R

10_Main T5

9. Click the Close icon on the Stage Visibility view to return to the
PFD. The routing of some streams in the PFD can be undesirable.
You can improve the stream routing by completing the next step.

10. From the PFD menu item, select Auto Position All, and UniSim
Design rearranges the PFD in a logical manner.

B

Size icon Enlarge Icon

The next task in customizing the PFD is to enlarge the icon for the main
column:

o

T

@k

1. Click on the icon for the main tray section (Main TS).

2. Click the Size icon on the PFD button bar, and a frame with eight
sizing handles appears around the tray section icon.

3. Place the cursor over the handle at the middle right of the icon, and
the cursor changes to a double-ended sizing arrow.

B 4. With the sizing cursor visible, click and drag to the right. An outline
appears, showing what the new icon size is when you complete the
next step.

5. When the outline indicates a new icon size of about 1.5 to 2 times
B the width of the original size, release the button. The tray section
— icon is now re-sized.

6. Click the Size icon again to return to Move mode.

The final task is to customize the PFD by moving some of the
streams and operation labels (names) so they do not overlap. To
move a label:
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7.
8.
9.

10.

11.

Click on the label you want to move.
Right-click and select Move/Size Label.

Move the label to its new position by clicking and dragging it, or by
pressing the arrow keys.

You can also move the icon on its own simply by clicking and
dragging it to the new location.

When you are finished working with the maximized Column PFD,
click the Restore icon [&] for the PFD (not for the UniSim Design
Application view) in the upper right corner of the view of the PFD.
The PFD returns to its previous size.

You can manually resize the view, and expand the PFD to fill the
new size by again clicking the Zoom All icon in the lower left corner
of the PFD view.

For more information on customizing the PFD, refer to Section
7.24 - PFD in the UniSim Design User Guide.

The customized PFD appears below.

Figure 2.117
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12.To view the workbook for the column, click the Workbook icon.

Workbook - Atmos Tower {(COL1) =]
M ame Fiefl Ta Condenser Fesidus M aphtha OffGaz BaottornSteam | |
Wapour Fraction 0.0000 1.0000 0.0000 0.0000 1.0000 1.0000
Temperature [F] 166.5 2874 EG57.4 1665 1655 3750
Pressure [psia] 19.70 2870 32.70 149.70 18.70 150.0
Molar Flow [MMSCFD] 4.884 2477 8.038 1354 3.934e-006 23791
tass Flow [Ib/hr] 7.288e+004 2.875e+005 5.524e-+005 2.021e+005 2.940e-002 7500
Liguid */olurne: Flow [barrel/day] 722 2.807e+004 4.603e+004 2.000e-+004 3.089e-003 5146
Heat Flows [Btushr] £.323e+007 -2.618e+008 -2.828e+002 -1.754e+008 -34.08 -4.222e+007
M ame TowerFeed wiasteH20 Kerozens keSS _Oraw | KeroSS_Return | KeroS5_Bollp
Wapour Fraction 0.6035 0.0000 0.0000 0.0000 1.0000 1.0000
Temperature [F] E41.8 1655 4516 4083 4271 4516
Preszure [psia] E5.00 19.70 29.84 29.84 29.84 29.84
Molar Flow [MMSCFD] 34.66 £.348 6.053 7.803 1.743 3302
tass Flow [Ib/hr] 1.142e+008 1.256e+004 1.408e-+005 1.7R0e+005 3.516e+004 7.267e+004
Liguid */olume Flow [barrel/day] 1.000e+005 861.6 1.300e+004 1.631e+004 3307 E754
Heat Flaws [Brushr] 5.765e+008 -5.438e+007 -9.579e+007 -1.260e+008 -2.171e+007 -4.348e+007
Mame KeraS5_ToRet DieselStean Diezel | Diezel55_Draw | DieselS5_Retu AGOSteam
Wapour Fraction 0.0000 1.0000 0.0000 0.0000 1.0000 1.0000
Temperature [F] 441.3 300.0 4797 507.4 433.0 300.0
Preszure [psia] 29.84 50,00 30.99 30.99 30,99 50,00
tolar Flow [MM5CFD] 9.355 1517 5.926 7.869 3460 1.264
tasz Flow [Ib/hr] 2.135e+005 3000 1.8597e+005 2.390e+005 5. 232e-+004 2500
Liguid */olume Flow [barrel/day] 1.975e+004 2068 1.700e+004 2.153e+004 4733 171.5
Heat Flow [Btushr] -1.4682+008 -1.697e+007 -1.248e+008 -1.520e+008 -4.418e+007 -1.414e+007
Mame AGO AGOS5_Draw | AGOSS_Returr P&_1_Draw F4_1_Retum Pa_2 Draw
Wapour Fraction 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
Temperature [F] 568.5 ED7.5 596.2 3342 154.0 507.4
Pressure [psia] .70 .70 31.70 28.84 28.84 30.99
tolar Flow [MMSCFD] 1.329 200 1.945 2793 2793 10.96
b ass Flow [Ib/hr] 5.730e+004 7.97 42+ 004 2.494e+004 5.2622+005 5. 262e+005 3.328e+005
Liguid */olume Flow [barrel/day] 5001 7003 2180 5.000e+004 5.000e+004 3.000e+004 | =|
Matenal Streams I Compositions I Energy Streams I Unit Ops_ |
Fluid Pkg I All vl
Condenser

D Showe Mame Only

Iv Horizontal b atri: Mumber of Hidden Objects: o

13. When you are finished working in the Column environment, return
1 to the Main Flowsheet by clicking the Enter Parent Simulation

Environment icon.
Enter Parent Simulati
EEV?{on?,Zeeﬁt ic'g:,u aton 14. Open the PFD for the Main Flowsheet, then select Auto Position

All from the PFD menu item. UniSim Design arranges the Main
Flowsheet PFD in a logical manner according to the layout of the
flowsheet.

The PFD shown in the
Figure 2.119 has been

manually rearranged by Naphtha
moving some of the
stream icons, and by O3
enlarging the furnace mm-gr‘ @ i
icon. - —»ﬁ o
FreFlashvap TowerFeed 1 |—:
ven FreFlash e I = Kerosene
Crude Tl
DTS’Im—‘ — -
Furnace Mixer [ Diesel
PreFlashLiq HotCrude AGOSteam f %
Residue
Atmos
CrudeDuty Touwer —_—
AGD
——
CondDuty
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2.2.9 Viewing and Analyzing
Results

1. Open the Workbook to access the calculated results for the Main
Flowsheet. The Material Streams tab of the Workbook appears

below.

Workbook - Case {(Main} E =] E3
Mame Freheat Crude EottomSteam DiezelSteam AGOSteam FreFlash'ap FreFlashlig HotCrude ToweiFeed
Wapour Fraction 0.09236 1.0000 1.0000 1.0000 1.0000 0.0000 05483 0.E035
Temperature [F] 450.0 375.0 300.0 300.0 450.0 450.0 E50.0 E41.8
Pressure [psia] Fa.00 150.0 50.00 0,00 75.00 75.00 B5.00 E5.00
Molar Flow [MMSCFD] 34.EE 3.7/ 1.517 1.264 e .25 .28 34.EE
tass Flow [Ib/hr] 1.142e+00F 7500 3000 2500 4 88Fe+004 1.093=+00F 1.093e+006 1.142e+00F
Liquid % alurne Flow [barrel/day] 1.000e+005 514.6 205.8 1715 4871 9.513e+004 9.513e+004 1.000e+005
Heat Flow [Btushr] -7.630e+002 -4.2225+007 -1.697e+007 -1.4145+007 -2.997e+007 -7.331e+008 -5.46Ee+008 -5.765e+008
Mame OffGas Maphtha “wasteH20 Fiesidue K.erozene Diezel AGO = New **
Wapour Fraction 1.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0000
Temperature [F] 1655 165.5 1E5.5 E57.4 4516 479.7 568.5
Pressure [psia] 1970 18.70 18.70 3270 29.84 a0.93 .70
Molar Flow [MMSCFD] 3.934=-008 1354 E.348 2033 E.053 5.926 1.329
tass Flow [Ib/hr] 2.940=-002 2.021e+005 1.25ke+004 5.524e+005 1.408e+005 1.897e+005 5.730e+004
Liquid %alurne Flow [barrel/day] 3.083e-003 2.000e+004 8616 4.503e+004 1.300e+004 1.700=+004 5001
Heat Flow [Btushr] -34.08 -1.7545+008 -8.4388+007 -2.828=+008 -8.579e+007 -1.2485+008 -3.362e+007

—_—
Material Streams I P.T Flow I Compositions I Energy Strearns I Unit Ops_|
- e Ih
FeederBlock_Preheat Crude
[ Include Sub-Flowsheets
[0l Shiow Name Orly
¥ Horizontal b atriz Mumber of Hidden Objects: a

Using the Object Navigator

Now that results have been obtained, you can view the calculated
properties of a particular stream or operation. The Object Navigator
allows you to quickly access the property view for any stream or unit
operation at any time during the simulation.

1. Open the Navigator by doing one of the following:

e Press F3.
E e From the Flowsheet menu, select Find Object.
e Double-click on any blank space on the UniSim Design Desktop.
Object Navigator icon e Click the Object Navigator icon.
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You can start or end the
search string with an
asterisk (*), which acts
as a wildcard character.
This lets you find
multiple objects with
one search. For
example, searching for
VLV* will open the
property view for all
objects with VLV at the

beginning of their name.

The Object Navigator view appears:

Object Navigator =] E3
(Flowsheets | Unit Dperation: Filter
Lase [t 2| H Atmos Tower = Al
Atmoz Tower (COLT) Furnace  Sheans
Mixer -
Preflash & UnitOps
 Logicals
" Custom
Setup Custom
Build Fid.. |[ vew | Cacel |

The UnitOps radio button in the Filter group is currently selected, so
only Unit Operations appear in the list of objects. To open a property
view, select the operation in the list and click the View button, or
double-click on the operation. You can change which objects appear by
selecting a different Filter radio button. For example, to list all the
streams and unit operations, select the All radio button.

You can also search for an object by clicking the Find button. When the
Find Object view appears, enter the Object Name and click the OK
button. UniSim Design opens the property view for the object whose
name you entered.

2.2.10 Installing a Boiling Point
Curves Utility

Previously, the boiling point profiles for the product streams was viewed
using the Plots page in the column property view. You can also view
boiling point curves for a product stream using UniSim Design' BP
Curves Utility. To create a Boiling Point Curves utility for the Kerosene
product:

1. Open the Navigator using one of the methods described above.

2. Select the Streams radio button.

3. Scroll down the list of Streams and select Kerosene.

4

Click the View button, and the property view for stream Kerosene
appears.

5. On the Attachments tab, move to the Utilities page of the stream
property view.
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6. Click the Create button. The Available Utilities view appears,
presenting you with a list of UniSim Design utilities.

Available Utilities M= 3

Azl
Co2
Cold Properties

Critical Property
Dynamic Depressuring
Envelope

Hydrate Farmation

Fipe Sizing
Property Table
User Property

Add Uity |

7. Find BP Curves and do one of the following:
e Select BP Curves, then click the Add Utility button.
e Double-click on BP Curves.

8. UniSim Design creates the utility and opens the Boiling Point Curves
view.

9. On the Design tab, go to the Connections page. Change the name
of the utility from the default Boiling Point Curves-1 to Kerosene

BP Curves.
A Utility is a separate 10. Change the curve basis to Liquid Volume by selecting it from the
entity from the stream it Basis drop-down list.

is attached to; if you

delete it, the stream is
you delete the stream,
the Utility remains but

cannot dlsplay any Boiling Point Curves: Kerosene BP Curves [_ o] ]
information u ntil you Design Marne IKerUsane BF Curves

attach another stream Comnections

using the Select Object . Objat Tipe [ Sream |

button. Stream Ferozens Select Object |

Basis F Liguid Yolume

= ) -
Design | Performance | Dynamics

Delete | ™ lgnared
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11.You can scroll through the matrix of data to see that the TBP

ranges from 267°F to 502°F by going to the Performance tab and
selecting the Results page.

Boiling Point Curves: Kerosene BP Curves !EE
Performance o
Results Cut Paint TEFP A5TM DBE | D6 Crack Reduced AST;I
" [%] [F] [F] IF]
il Pl 000 %77 38 E -
Cald Props 1.00 25918 34419 3449
Plots 2.00 a0z 356.6 356.6
3560 3227 3E3h 3636
5.00 3364 3714 714
760 2430 44 744
10.00 3497 TR I’re
12.50 360.5 3835 3835
15.00 3624 3844 384.4
17.50 3680 3870 3870
20.00 arza 3832 3852
25.00 3746 828 3928
30.00 385.4 35958 3558
35.00 38132 2528 25988
40.00 397.2 4020 402.0 -
a0 o

S
Design Performance | Dynamics

Delete |

I lgnored

This boiling range predicted by the utility is slightly wider than the
ideal range calculated during the Oil characterization procedure for
Kerosene, 356°F to 464°F.

~Cut Distributior

Name BE[DFIT I ErEg] I Fraction

Lt 5t Run 100.3 158.0 0.033
Naphtha 158.0 356.0 01v2
Kerosens 366.0 464 0123

Light Diesel 464.0 5540 033

Heawy Diesel 5540 E44.0 0.085

Atm Gag Oil E44.0 ES2.0 0.043
Residuz B38.0 1441 0444

Ideal boiling

range calculated

during Oil

Characterization.

2-91



2-92 Steady State Simulation

To make the envelope
more readable,
maximize or resize the
view.

12. Select the Plots page on the Parameters tab of the utility property
view to view the data in graphical format.

Boiling Point Curves: Kerosene BP Curves M=l E3
Performance Dependent ¥ ariable BP Curves VI
Resulk:
Critical Props = | | ]
smni | — s=mE
Cold Frops o etz I
|| = sazmpiia@qes B L
Plots = RETM D1IEDGAM) PR
£ o AETI Dz
t T
5 andE et
-
z amn.,;
By
2 zon
ol
- a1
1|0 L
OO 100 MM Sm 00 Si0 Sim 0 & sam  mo
Volume Percent (%)
_
Dezign Performance | Dynamics |
Delets | I lgnared

13. When you move to the Plots view, the graph legend can overlap the
plotted data. To move the legend, double-click anywhere in the plot
area then click and drag the legend to its new location.

14. When you are finished viewing the Boiling Point Curves, click the
Close icon.

Installing a Second Boiling Point Curves
Utility

Alternative to using the Utilities page of a stream property view, you
can also install a utility using the Available Utilities view. Another BP
Curves utility is installed for stream Residue. This utility is used for the
case study in the next section. To install the utility:

1. Do one of the following:
e press CTRL U.
e from the Tools menu, select Utilities.
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Notice the name of the
utility created
previously, Kerosene BP
Curves, appears in the
Available Utilities view.

The Availabl

e Utilities view appears.

Figure 2.127

Available Utilities M= E3
Semsene BE Duvves ¢ | Boiing Point Curves
CO2 Freeze Out
Cold Properties

Wiew Utility |

Critical Properties

[rata Recaon Utili
Depressuning

Deerivative Utility

Envelope Ltility

Huydrate Farmation LItility
Parametric/LP Litility

Pinch Utility

Fipe Sizing

Froperty Balance Lty LI

Acd Uity |

Delete Utility

2. Select Boiling Point Curves and click the Add Utility button. The

Boiling Point Curves view appears, opened to the Design tab.

Boiling Point Curves:

Design Hame IBolhng Point Curves-1|

Connections b
Mates

B==m Select Object...
Basis Liquid % olume -

Figure 2.128

Boiling Point Curves-1

ect Type I Stream

Design | Performance

Delete |

Dipnamics

I lgnared

Change the
BP Curves.

Change the

name from its default Boiling Point Curves-1 to Residue

Basis to Liquid Volume by selecting it in the drop-

down list. The next task is to attach the utility to a material stream.
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5. Click the Select Object button, and the Select Process Stream view

appears.
Select Process Stream [ %]
Flowshest Object
Caze [Main] | |AGD 0K
Atmos Tower [COLT) | AGO Steam —
Battom Steam Object Filter——
Cond Ciuty
Crude Duty Al
Diesel € Streams
Digsel Steamn = UnitDps
Em Crude € Logicals
BI0SENe
Naphtha " ColumnOps
0if Gas  Custom
PieFlashLig
PreFlashyap Custom... |
P

R

Tower Fead Discariest |
Trim Duty
‘wasteH20 Cancel |

6. Select Residue in the Object list, then click the OK button. UniSim
Design calculates the boiling point curves. The completed
Performance tab appears below.

Notice that the stream Buoiling Point Curves: Residue BP Curves
name Residue now e
appears in the Stream Performance i
cell Results Cut Paint TEP ASTHM DBE | DB Crack Reduced AST;I
’ - [%] [F] [F] IF] []
Ciilcalfions 0.00 472 4583 4583
Cold Props 1.00 5071.8 506.7 500.6
Plots 2.00 5E5.0 5493 533.9
350 E17.1 587.9 574.2
5.00 B50.2 6138 536.3
7.50 E23.1 E45.5 E22.3
10.00 7201 EF15 E42.6
12.50 7469 B94.7 B59.7
15.00 7714 7160 E74.9
17.50 7934 7355 638.0
20.00 8133 7534 E33.5
25.00 851.7 883 720.5
30.00 830.4 8235 733.8
35.00 929.7 859.4 7576
40.00 969.5 8956 7 -
0 ol |
e
Design Performance | Dynamics

7. Click the Close icon on the Residue BP Curves view, and then on the
Available Utilities view.

2.2.11 Using the Databook

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

1. To open the Databook, do one of the following:
e press CTRL D.
e from the Tools menu, select Databook.
The Databook appears below.

DataB ook =l

~Awailable D ata Entrie
Object Variable

Edit
Inzert
Delete

-
Valiahlesl Frocess Data T ables I Strip Charts I Data Recorder I Case Studies |

Adding Variables to Databook

The first step is to add the key variables to the Databook using the
Variables tab. For this example, the Overflash specification is varied
and examined to investigate its effect on the following variables:

e D1160 Boiling Temperature for 5% volume cut point of stream

Residue

e heat flow of energy stream Trim Duty

e column reflux ratio
1. Click the Insert button and the Variable Navigator view appears.

Select the UnitOps radio button in the Object Filter group. The
Object list is filtered to show unit operations only.

N

3. Select Atmos Tower in the Object list, and the Variable list available
for the column appears to the right of the Object list.
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The Variable Navigator
is used extensively in
UniSim Design for
locating and selecting
variables. The Navigator
operates in a left-to-
right manner—the
selected Flowsheet
determines the Object
list, the chosen Object
dictates the Variable list,
and the selected
Variable determines
whether any Variable
Specifics are available.

Steady State Simulation

4. Select Reflux Ratio in the Variable list.

¥ariable Navigator

Flowsheet

Case

Atmos Tower (COL1)

Mavigator Scope
(% Flowsheet
" Case
" Basis
£ Utility

Wariable Description:

Object Yariable Yariable Specifics
|W'ate|H2D | | Product Stre:am Cnm:;l
Product Stream Comg
Furnace Product Stream Comp
Mixer | Fieboil B atio
Preflash : Heflux Fatio
FeedeiBlock_AG0 Stea Spec Calc Value
FeederBlock_Eottom Ste Spec Emar

FeederBlock_Diesel Ste
FeedeiBlock_Preheat Ci
ProductBlock_aG0
ProductBlock_Diessl
ProductBlock_Kerosene
ProductBlock_Naphtha
ProductBlock_Off Gaz
ProductBlock_Residue
ProductBlock_waterH 2

Spec |5 Active
SpecValue
Stage Efficiency

Stage Heat Flow

Stage Lig Comp Lighc
Stage Lig Comp Mass
Stage Lig Comp Male
Stage Lig Ligvalume |
Stage Lig Mass Frac LI

Ctama | im hdnla Frac

IF!equx Ratio

Obijzct Filter——
e Al

" Streams
" UnitOps
i Logicals
" ColurmnOps
" Custom

Custorn.. |

LCancel

5. Click the Add button. The variable appears in the Databook and the
Variable Navigator view remains open.

6. To add the next variable, select the Streams radio button in the
Object Filter group. The Object list is filtered to show streams

only.

10.

Scroll down and click on Trim Duty in the Object list, and the
Variable list available for energy streams appears to the right of
the Object list.

Select Heat Flow in the Variable list.

The variable name is duplicated in the Variable Description field. If
you want, you can edit the default description. To edit the default
description:

Click inside the Variable Description field and delete the default
name.

Type a new description, such as Trim Duty, and click the Add
button. The variable now appears in the Databook.

Yariable Navigator [_ O] x|
Flowsheet Object “ariable Wariable Specifice ok
it PreFlashiv'ap P8 Heat Flow
Preheat Crude Oeverall Ld Add
Residue Power - -
Tower Feed Temperature Approach Obiect Fike
Uservaristles &
WaterH20 LItiliby Aoy rate
Atrnos Tower LUltility Fluid Cp " Streams
Furnace Litility Fluid Haldup © UnitDps
rMavigator Scope——— | Mixer Lltility Inlet Temp " Logicals
< PieFlash Utility maimum Ao rate  ColumnOps
& Flonshest FeedeiBlock_AGO Stea Utility minimum flows rate  Custam =
" Case FeedeiBlock_Bottom Ste Utility Outlet Temp
~ Basie FeedeBlock_Diesel Ste Custom. |
Uity FeedeBlock_Preheat Ci
ProductBlock_AGO
ProductBlock_Diesel
BraciintBlnnl K arnsan
Yariable Description: Trimn Duty Cancel
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11.

12.
13.
14.

15.

2-97

To add the third variable, the ASTM D1160 cut point from the
Residue BP Curves utility, select the Utility radio button in the
Navigator Scope group.

Select Residue BP Curves in the Object list.
Select ASTM D1160 - Vac in the Variable list.

Select Cut PT-5.00% in the Variable Specifics column. This
corresponds to the 5% volume cut point.

In the Variable Description field, change the variable name to
ASTM 1160 - Vac 5% Residue, and click the Close button.

¥ariable Navigator

Case

Mavigator Scope
~ Flowsheet

" Caze

" Basis

" Ultiity

W ariable Description;

=] B3
Object Wariable Variable Specifics oK.
Ferozens BF Curves Acentric Factor | [ Cut P-15.00% -
Residue BF C Aromatic Molek Cut Pr-17.50% Add
A5TM DEE Cut Pr-2.00% "
£STM D2887 Cut P-20.00% Obict Filter—
fat Cut Pr-25.00% i Al
Cut Pr-3.50%
Cut Pr-30.00% - [CE
ASTH D37 Pour Pt Cut Pt-35.00% ¢ Cold
Cetane Index Cut Pr-40.00% " Envelope
Critical Pressure Cut Pr-45.00%  Hydrate
Critical Temperature
D86 Crack Reduced Cut P-50.00%
tdassz Density Cut Pt-55.00%
fdale Weight Cut PH-BO.00%
Mapthene Maole? Cut PH-E5.00%
Paraffin Mole? Cut Pr-7.50%

Plafractive Indau

|

ok PRTO NN

55TM D160 - Vac 53 Residue

DataBook

~Awailable D ata Entri

Obiject Wariable

Atz Tower Reflux Ratio

Trimn Duty Trirn Dty

Residus BP Curves AETH 1160 -Yac 5% Residue

=
Valiahlesl Process Data Tables I Strip Charts I Data Recorder I Cass Studiss |

Create a Data Table

Now that the key variables to the Databook have been added, the next
task is to create a data table to display those variables:
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1. Click on the Process Data Tables tab.

N

Click the Add button in the Available Process Data Tables group.

UniSim Design creates a new table with the default name

ProcDatal.

DataB ook

—Available Process Data Tables—————

ProcDatal iew...

[_[O[ =]
rIndividual Process Data Selectio
Process Data T able IPrUcDala1
Object Wariable Show
Atmos T ower Fieflux Ratio :

Delete
Setup

Trimn Duty

Trimn Duty

Residue BP Cury | ASTM 1160 - Vac 5% Residu

Add &ll Variablasl Irveert All Variables | Remave All Variables

e
Yarigbles  Process Data Tahlesl Strip Charts I Data Recorder I Case Studies |

3. Change the default name from ProcDatal to Key Variables by
editing the Process Data Table field.
Notice that the three variables added to the Databook appear in
the matrix on this tab.
4. Activate each variable by clicking on the corresponding Show

checkbox.

Figure 2.137

rndividual Process Data Selection————————————————————

Process Data Table IKejJ Yarisbles
Object Wariable Show |
Atmos Tower Refluz R atia o
Trim Dty Trim Dty v
Residus BF Cury | ASTH 1160 - Yac 5% Residu =

Add All Variables | Invert All Variables | Remave Al Variables |

5. Click the View button to view the new data table, which is shown

below.

Figure 2.138

Keyp Variableg Data [_[O] =]
Object Warniable alue Urits
Almos Tower Feflux R atio 07720
Trim Dty Trim Dty | 2.1792+007 Btulhr
Residue BP Cur | ASTH 1160 -Vac 5% Resi 3836 F
KIS ]
View DataBoak... |
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This table is accessed later to demonstrate how its results are
updated whenever a flowsheet change is made.
6. For now, click the Minimize icon in the upper right corner of the

Key Variables Data view. UniSim Design reduces the view to an
icon and place it at the bottom of the Desktop.

Recording Data

Suppose you now want to make changes to the flowsheet, but you
would like to record the current values of the key variables before
making any changes. Instead of manually recording the variables, you
can use the Data Recorder to automatically record them for you.

To record the current values:
1. Click on the Data Recorder tab.

DataB ook =l

Available Scenarios——————— ~Data Recorder D ata Selection

Hecord,.. Current Scenario I

Object Wariable Include:

LI Atmos Tover Feflux Ratio

Trimn Chuty Trimn Duty
Residue BP Cur | ASTM 1160 - Yac 5% Residue

[Delete

—aiatble Misplay
& Tjaiile

) Giaph e
" ariables I Frocess Data T ables I Stip Charts  Data Heculdell Case Studies |

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

2. Click the Add button in the Available Scenarios group, and
UniSim Design creates a new scenario with the default name
Scenario 1. It is required to include all three key variables in this
scenario.
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Mew Solved 5t.. B3

Name for New State

IState 1

oK

Steady State Simulation

3.

Activate each variable by clicking on the corresponding Include
checkbox.

Figure 2.140

DataBook =l

Available Scenarios————————— D ata Recorder D ata Selection

Scenario 1 Becord .. Current Scenario IScenano 1
Add Object Y ariable Inrl_ude
Ao Tower Reflux Ratio v
Delete Trirn Dty Trirn Dty v
Residus BP Cu | ASTH 1160 - Yac 5% Residue v

—ailatle sl ay
7 Tiatle

1= Graph IR
“ariables I Process Data Tables I Stip Chartz  Data Hecoldell Cass Studiss |

B

No

Click the Record button to record the variables in their current
state. The New Solved State view appears, prompting you for the
name of the new state.

Change the Name for New State from the default State 1 10 3500
O.F. (denoting 3500 bbl/day Overflash). Click the OK button and
you return to the Databook.

In the Available Display group, select the Table radio button.

Click the View button and the Data Recorder appears showing the
values of the key variables in their current state.

Data Recorder - Main M=l E3
State 3500 0.F.
Reflux R atio 0.7720
Trirn Loty [Budhr] 3.179e+007
ASTH 1160 - Yac 5% 3836
=
Scenarnio 1 |
Delete | i Table (" Graph Fe-Mumber

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

Click the Minimize icon to reduce the Data Recorder to an icon.
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|

Object Navigator icon

Changing the Overflash Specification

The value of the Overflash specification is going to be changed in the
column and the changes is viewed in the process data table:

1. Click the Object Navigator icon on the toolbar.

2. Select the UnitOps radio button in the Filter group.

3. Select Atmos Tower and click the View button. The Atmos
Tower property view appears.

Go to the Design tab and select the Monitor page.

Scroll down to the bottom of the Specifications table so the
Overflash specification is visible.

A typical range for the Overflash rate is 3-5% of the tower feed. A
slightly wider range is examined: 1.5-7.5%, which translates to
1500-7500 bbl/d.

6. Change the Specified Value for the Overflash specification from
its current value of 3500 barrel/day to 1500 barrel/day. UniSim
Design automatically recalculates the flowsheet.

7. Double-click on the Key Variables Data icon to restore the view to
its full size. The updated key variables are shown below.

vk

Key Variablez Data [_[O] x]
Object Warniable alue Urits
Almos Tower Feflux R atio 05858
Trim Dty Trim Dty | 1.883e+007 Btulhr
Residue BP Cur | ASTH 1160 -Vac 5% Resi 3778 F
KIS ]
View DataBoak... |

As a result of the change:

e the Trim Duty has decreased

e the Residue D1160 Vacuum Temperature 5% cut point has
decreased

e the column reflux ratio has decreased

8. Press CTRL D to make the Databook active again. You can now
record the key variables in their new state.

9. Move to the Data Recorder tab in the Databook.

10. Click the Record button, and UniSim Design provides you with the
default name State 2 for the new state.

11.Change the name to 1500 O.F. and click the OK button to accept
the new name.
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=1

Save icon

This complete dynamic
case has been pre-built
and is located in the file
DynTUT2.usc in your
UniSim Design\Samples
directory.

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

Data Recorder - Main

State 2500 0.F 16000.F.
Reflux R atio 0.7722 05857
Trimn Dty [Bhudhr] 21722007 | 1.883+007
ASTM 1160 - Wac 5 3895 778

13. Record the process variables for Overflash rates of 5500 and
7500 barrels/day. Enter names for these variable states of 5500
O.F. and 7500 O.F., respectively. The final Data Recorder appears

below.
Figure 2.144
Data Recorder - Main M=l
State 2000 0.F. 1600 0.F. 5500 0.F, 7h00 0.F.
Fieflux R atio 0.7722 0.5857 0.9417 1.093

Trimn Dty [Bhudhr] 3172e+007 | 1.8832+007 | 4.304e+007 | 5326=+007
ASTM 1160 - Vac B2 3835 TR} 39BE 408.7

-—
Scenarnio 1 |
Delete | & Table ¢ Graph Bie-Mumber Sefup...

14.Save your case by doing one of the following:

e press CTRL S.
e from the File menu, select Save.
e click the Save icon.

2.3 Dynamic Simulation

In this tutorial, the dynamic capabilities of UniSim Design are
incorporated into a basic steady state oil refining model. A simple
fractionation facility produces naphtha, kerosene, diesel, atmospheric
gas oil, and atmospheric residue products from a heavy crude feed. In
the steady state refining tutorial, preheated crude was fed into a pre-
flash drum which separated the liquid crude from the vapour. The liquid
crude was heated in a furnace and recombined with the vapour. The
combined stream was then fed to the atmospheric crude column for
fractionation. The dynamic refining tutorial only considers the crude
column. That is, the crude preheat train is deleted from the flowsheet
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