PROCESS CONTROL LAB MANUAL

Table of Contents

Introduction to UniSim .........ceeiiiiiiiiiiiiecce e 2
Reactions and Case Studies ..........coovvvviiiiiiiiiiiinn e 6
Reaction and Separation .......ccceeevveeeieeiiiieeeeiiieeeeeeee e 13
Production of Ethyl Chloride........ccccooovviiiiiiiiiiiiiiiiiieecein, 19
UniSim Heat Exchanger Calculations ..........ccoeevvviviieiivennnnnen. 25
Dynamic Simulation of a Tank Separator System ................. 27
MiIXINEG DYNAMIUCS.ccuiiiiiiie e 32



PROCESS CONTROL LAB MANUAL

Introduction to UniSim

In our first lab we will seek to get acquainted with our process simulator, UniSim R440 from
Honeywell. The various steps to using this simulator are summarised as follows:
e Setting up the Basis Environment
o Creating the component list
o Choosing the fluid package
o Adding reactions
e Creating the Process Flowsheet
o Adding and configuring process streams
o Adding and configuring process equipment
e Presenting output from the process

In today’s work we will create a feed stream of a 50/50 mixture of water and acetone, we will
pass it into a separator, we will look at the composition and flow rates of the ensuing vapour
and liquid streams, and we will ensure that material balance conditions are met by our
simulator.

1. Getting Started
To log on to the PC’s in room 116 you should use our regular login and password.
The programme we use should have a shortcut on the desktop that looks a little like
this:

LIniSim Cesign
RyO0

You can also find it under Start, All Programs, Honeywell, Unisim Design R440. Once the
programme opens, click on File, New, Case

2. Basis Environment

The first thing that opens up is a dialog box for the Simulation Basis Manager
# Simulation Basis Manager, E”E|El

Compaonent Lists

Maszter Component List

Wiew

Add

Copy
Impart...
Expart...

Refresh

tl:umpunenls| Fluid Pkgs J Hypotheticals J Qil bManager J Fieactions J Component Maps J User Properties J

[ Erter PYT Erwironment ] [ Erter Sirmulation Enviranment ]

Click Add and then add water and acetone to the components list. Using the Match
search box helps a lot here.
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* Component List Yiew: Component List - 1

Add C " Selected Components Components Available in the Librany
Hz0  e——
ey [ Search | “isloand )
Hypo Components Box
(Qther Comp Lists () SimMame (&) Ful Name / Synorem ) Formula
Acetanilide Acetamidobenzens CEHANO A
Adcetaniide  Acetodcetarilide CI0H11NO2
A CEHEND
A CZHaN
dibcetone-ol  Acetonyldimethylcarbinal CEH1202
t-PH-Ketone  Acetophenone CEHED
4HudcPhenone Acetophenone,_4-Hydrowy- CEHEOZ
AHudcPhenone Acetophenone,_p-Hydroxy CEHEOZ
Acetarilon  AcstoVanilane £3H1003

E-Acetate Acetoxyethane C4HEOZ
Acetyl-one Acetylketone CoHEDZ
Acetanilide Acetylaminobenzene CEHSMOD —
BZ-Acetate alpha-dcetowtoluene CaH1002
AmincAethitl  Aminod.cetoMitrle C2H4MZ v

< | Show Synonypms [ Cluster

-—
Selecled| Component by Type J Component Databases J

Mame |Component List - 1

Close the Component List View.
Click on the Fluid Package Tab and then Add and choose the NRTL package.

Fluid Package: Basis-1

Property Package Selection ; Activity Model Specifications

|deal Electmlyt_e Package ~ goiﬁl_try el Wapour Model | Ideal
Infochem Multflash ] S UIMIFALC Estimation Temp | 25,0000 C
K.abadi-D anner OEDSs |Jze Poynting Carection | =
Leekesler-Plocker ) Activity Models :

mgr\%ul:l‘es (") Chao Seader Models

NES Steam ()W apour Press Modsls

Meotec Black Oil — | | O Electrolyte Madsls

NETL Mizcellaneous Types

OL_E Ie-:trplyte O a

Feng-Rabinson v Corrected Cheuh and Prausnitz corelation

Advanced Themodynamics

Compoarent List Selection
| Compaonent List - 1 w | T [ UriSim Therma

T set Up | Parameters J Binary Cosfts J StabTest J Phaze Order JFh':ns J Tabular J Mates |

Name Praperty ko |

Check on the Binary Coefficients tab that the two interaction parameters have been
successfully calculated (they should be in red type).

In this simulation we won’t deal with any reactions, but normally we would also be
visiting the Rxns tab to add reactions to our fluid package.

Close the Fluid Package dialog box.

3. Creating the Process Flowsheet
From the Simulation Basis Manager dialog box, click on the Enter Simulation
Environment... button in the lower right corner. This opens up a new screen called
PFD Case (Main) and also a menu dialog box with units and streams.
From this menu, click on the Separator and drop it into the main window.

Bl a >
e -

<@
oot

P B &
& =
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Double click on the new separator vessel, V-100, to enter its dialog box
Choose names for the Inlet, Vapour, and Liquid streams that will attach to this unit.

Design Name |4/-100
Connections lole: Food o
Parameters << Stream »> P Vapour ¥, i Vapour
User Wariables N ] ‘-
Motes Feed
-
-
- —
Energy [Optional) z J—y
—+ Ligiid
essel Fluid Pack age Liguid Outlet
"= Design | Reactions J Fating J Worksheet J Dpnamics J
Mot Salved [ 1gnared

Because they don’t already exist, these streams will be automatically generated by
the programme, you might even see them pop up on the main PFD screen. Note that
we could have created them separately by clicking on the blue arrow in the Case
(Main) menu list.

Now close the V-100 dialog box.

Configure the conditions of the Feed stream by double clicking on it. Choose its
temperature to be 65°C, its pressure to be 101kPa, and its molar flow rate to be
100kgmol/hr. Click on the Composition option from the Worksheet list and enter 0.5
for the mole fractions of both water and acetone.

Fesd =1
worksheet Stream N ame . Feed
" apour / Phase Fraction <empty>
Eondiions Temperature [C] £5.00
Prongtics Pressure [kPa] 1010
Molar Flow [kgmole/h] [ o)

Wallle Mazs Flow [kash] <empty>
User Variables Std Ideal Liq Vol Flow [m37sh] <emphys
Maotes M olar Enthalpy [k kgmole] <empty>
Cost Parameters tolar Entropy [k /kgmole-C] <emphy
Heat Flow [kdsh] <EMpty>
Lig /ol Flavs G5td Cond [m3/h] <Empty>

Fluid Package B asiz-1

t ‘Worksheet | Attachments | Dunamics

Unknown Flow Rate

[ Delete ] [ Define from Other Stream. . ] - =

Iole Frachions

Worksheet 20 0. 500000
Conditiors Acetane .
Properties
Composition
K Walue
User Yariables
Motes
Cost Parameters

£ >

Tatal 1.00000
[ Edit.. ] [ Edit Properties... ] [ Basis... ]

"= Worksheet | Attachments | Dynamics
3 —

[ Delete ] [ Defing from Other Stream... ] - =

Close the Feed stream dialog box. Notice that the icons for all three streams have
now turned from light to dark blue. This is because they have been solved.
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4.

Process Simulator Output

Output from the simulator can consist of tables, graphs, calculations, etc. For today’s
work we will content ourselves with the flow rates and compositions of the three
process streams so that we can verify that material balance has been observed by
our simulation.

From the main window, click on the Workbook icon on the toolbar (circled in red in
the screenshot below). Then click on the Workbook text on the upped toolbar, then
Setup.

- Unisim Design BR39%0

workbook

Setup.. | &

Tools  Window Help

Expork L4
Irnpork »
Page Scope Ld

Order fHidefRewveal Objects. ..
= Workbook - Case [(Main)

Mame Feed W apour Liguid
" apour Fraction 0.5362 1.0000 0.aoo0
Temperature [Z] B5.00 B5.00 B5.00
Frezzure [KFa] 101.0 101.0 101.0
kA olar Flowe [kgrmolesh] 100.0 53 62 46 38
kass Flow [kash] 3805 2625 1173
Std ldeal Lig ol Flow [m3/h] 4.579 3.265 1.313
Heat Flows [k1/h] -2.458e+007 -1.181e+007 -1.274e+007
tolar Enthalpy [k Akgmole] -2 458e+005 -2 203e+005 -2 F4Fe+005
bd aster Comp kFMolar Flowve [HZ20] [ 500000 121972 37.80z8
b azter Comp kMolar Flovs [Scetor] 50,0000 414206 8.5734
< |
Streams nit Op=

From the Setup dialog box, make sure the workbook tab Stream is clicked, then from
the variables area click Add then choose Master Comp Molar Flow as the variable
and then H20 and acetone in turn. Click OK, then close the Setup dialog box. Note
the two new rows in the workbook.

Tab Contents
Object

I Order...
iture
. Select Yariable(s) ForMain
wl Yariable Yariable Specifics
wy [k
[Ligy | Mass Flow ”~ P\
Masz Heat Capacity W one Add | Uszeset.
LY | tass Heat Of Wapourization | 8 _
!thalp tazs Higher Heating Y alue |
omp i | Maszs Lower Heating ' alue Al/Singls O H
e ingle Canmp
; O s
ams || | Master Comp Wolume Flow
— | Master Comp YWolume Frac
el Index ) .
Molar Density “ariable Filter: i rer——

Examine the output from the workbook and verify that material balance is good for
total molar flow, and for each component molar flow fraction.

Report

Your report will consist of:
e A screenshot of your PFD (2 marks)
e A screenshot of the workbook (2 marks)
¢ The material balance calculations (2x3 marks)

Submit your report over moodle at:
https://elearning.it-tallaght.ie/mod/turnitintool/view.php?id=288820
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Reactions and Case Studies

In our second lab we will further explore the capabilities of process simulators. We will set up
a reaction in a reactor and we will then investigate the influence of process parameters such
as temperature and pressure on the conversion ratio of the reaction.

The reaction we will use is the production of methanol from carbon dioxide and hydrogen.
The reaction is:

CO;, + 3H,; <& CH30H + H,O

This is a reversible reaction with different reaction kinetics in the forward and reverse
directions.

A similar same set of procedures will be followed as in last week’s lab. They are:

Setting up the Basis Environment

o Creating the component list

o Choosing the fluid package

o Adding reactions
Creating the Process Flowsheet

o Adding and configuring process streams

o Adding and configuring process equipment
Presenting output from the process

6. Getting Started

To log on to the PC’s in room 116 you should use our regular login and password.
The programme we use should have a shortcut on the desktop that looks a little like
this:

=

LniSirn Design
R400

You can also find it under Start, All Programs, Honeywell, Unisim Design R440. Once
the programme opens, click on File, New, Case

Basis Environment
The first thing that opens up is a dialog box for the Simulation Basis Manager

H

, No space
w e carbondioxide

Inpot

(" SimMName & Ful Name / Spargm

{-fidd Pure | Mo Components Matoh Your Selection or C1
OiMarager ] Reaclons | Comprentps | Uset Fioperies |

™ Componens [ FlidPgs | Hyoohetias

Enter Simulation Envirorment

Click Add and then add methanol, water, hydrogen, and carbon dioxide to the
components list. Using the Match search box helps a lot here.

Close the Component List View.
Click on the Fluid Package Tab and then Add and choose the SRK package.

Check on the Binary Coefficients tab that all the interaction parameters have been
successfully calculated (they should be in red type).
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8. Setting up the Reaction:
Click on the Reactions tab of the Simulation Basis Manager.

i Simulation Basis Manager o ] |

Fun Components——— ~Reaction: ~Feaction Set

Yiew Set...

Global Rxn Set

b ethannl
Hydrogen
Hza
coz

&dd Set...

[ielete Set

Copu Rsn... Copy Set... 1
&l Agzoc, Fluid Plogs we "

Import Set... heed
this

Add CDI‘ﬂpS... | Addto FP ) Iater

Components I Fluid Plgs I Hypotheticals IDiIManagel Heactiunsl Component Maps I |Jser Properties I

(e

Enter P¥T Environment. .. | Enter Simulation Environment. .. |

Click on Add Rxn. Choose a Kinetic Reaction and then press the Add Reaction
button

L A Kinetic Reaction: Rxn-1 ;Iglﬂ
(e

—Stoichiometry and R ate Info

Conversion Component Mole Wt | Stoich Coeff] Fwd Order RevOider |
T coz 44.010 -1.000 1.00 0.00
i . Hydrogen 2016 -3.000 .00 0.00
_ oLz Catalytic Methanol 32042 1.000 0.00 1.00
‘K imahic H2D 18015 T.000 0.0 1.00
“idd Comp®

Bl | Balance Error | 0.00000
aance Rieaction Heat (25 C)| -4.9e+04 kJkamole
" Stoichiometiy [[Basis | P J
. I try | Basiz ‘arameters
Add Reaction
Delste | Name [Fin  NotReay

Fill out the Stoichiometry tab as shown above. Note that the stoichiometry
coefficients mirror the reaction equation shown above. Note that minus values (e.g. -
3 for Hy) indicate that the agent is consumed in the forward order of the reaction.
Also note that the balance error should be 0.000. Depending on the version of
UniSim, you may have to input the Fwd Order and Rev Order columns above by
hand, in which case they will be in blue rather than red. Fill out the Basis and
Parameters tabs as shown below.

A Kinetic Reaction: Rxn-1 O] x|

—Basi

Baziz kalar Canch

Basze Component
F=n Phaze { YapouPhaze
e

kin. Temperature

b ax Temperature 3000 C
Easiz Units I kgrnole/m3 =l
Rate Unitz : =
_—
Stoichiometry  Basis
Delete | Name [Fon  NotResyy
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A Kinetic Reaction: Rxn-1 _|- _||:| EI
Forward Reaction————— —Eguation Help
£ 1.0400e+022 r = k*HBasis] - k*F[Basiz]
E 1.7000e+005 k = .":".xEHI:I{'E."IHT}xTAEI
B I <emphy N
k= Acewp {E'/RT TR
Rewverse Reaction——— T in Kalvin
&' 2 B000e+028
E' 2 2000e+005
[ <empbys
b —
Stoichionmetry ] Baziz Parameters I
pelete | Name [For C Rey

Once this is done you can close the Kinetic Reactions window. Then you must press
Add to FP on the Reactions tab of the Simulation Basis Manager (this is shown in an
image above).

9. Creating the Process Flowsheet
From the Simulation Basis Manager dialog box, click on the Enter Simulation
Environment... button in the lower right corner. This opens up a new screen called
PFD Case (Main) and also a menu dialog box with units and streams.
]

[
L E L - N
From this menu, click on the CSTR ( . ) and drop it into the main window.

Double click on the new CSTR, CSTR-100, to enter its dialog box. Configure it as
shown below. Note that material and energy streams will be made automatically for
you on the PFD.

=

Marne |csm-1no

Deszign
Connections
Parameters Irlets Yapour Outlet
|Jzer Yaniablez 1] Reactor Feed IF'rl:u:Iuct ;I
N <4 Shream
otes
- —|
Energy [Dphonal] N Liguid Olutlet
calling duty ;I |Dumm_l,lLiquiu:I j
l -
Fluid Package I Basis-1 |

b ——}
Designl Reactions I R ating I Witk sheet I Dynamics |

pete | | eSS S | Iorcrcd

On the Reactions tab, configure as shown below:
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## [STR-100 - Global Rxn Set - ||:||1|
Reactions —FReaction [nformat
Details Reaction Skt | EllENFEE=E Reaction | Rxn-1 'I
Results Specifice  {* Stoichiometry " Basis View Reaction... |
—Stoichiometry
Component b ole Wit Stoich Coeff
coz 44010 -1.000
Hydrogen 206 -3.000
tdethanol 32.042 1.000
Hz20 18.015 1.000
*fdd Comp™
Balance Errar 0.00000
Feaction Heat [25°C) -4.9e+04 kJ/kgmale

Go to the Dynamics tab. Set the diameter and height of the vessel as below.

o x
emies —Model Detail
Specs ¢ |nitialize From Products  [Wessel 'V'_Dlurne [m3] Py 3...\
" Dry Startup Weszzel Diameter [m] § 4.000
Haldup " Initialize From User Height [m] % 2000 L/
StipChart Lig %olume Percent [3] L L
it Hinld W, |
Heat Exchanger Level Calculator Yertical cplinder
[~ LaoBean Temperature | Fraction Calculatar |Jze [corected] levels ¢
[+ Enable Explicit Reaction Calculations
~Dynamic S pecification
Feed Delta P [kFPa] 0.0000
Wezsel Prezsure [kPa] <emphys [
— Dlezign I Reactions I F ating I Wurksheﬂt Dynamiyl
—
Delete | [ Trkrawn Dty [~ lgnored

You can now close the CSTR-100 — Global Rxn Set window.

The PFD should now look something like this:

-—
_ Product
————————————— ]
Reactor Feed » N
CSTR-100 —
Dyl icuict

—————
colling duty
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Open the Workbook ( ) from the toolbar. Use Set Up like we did last week to add the
Comp Mole Frac for the four components. Configure the workbook as shown below,
remember you just add the parameters in blue, those in black are calculated.

-i0x]
M ame Reactor Feed Dy Liquid Product colling duty = f iy
YYapour Fraction 1.0000 0.0000 1.0000 Lemply:

Temperature [C] 200.0 260.0 260.0 <Lemplys
Prezzure [kPa] 2000 3000 3000 <emphys
kalar Flow [komoleh] 73.91 0.0000 74.86 <emply:
b azz Flow [kath] 1000 0.0000 1000, <emply:
Std ldeal Lig Yol Flaw [m3/h] 2795 0.0000 25B9 <emphys
Heat Flow [k./h] -7.423e+00R -0.0000 -7.417e+00R 6174
M olar Enthalpy [k /kgmalg] -9, 290e+004 -3,903e+004 -3,902e+004 Cemphy
Comp Mole Frac [Hydrogen) 0.7500 0.6934 06934 <emply:
Comp Mole Frac [COZ2) 0.2500 0233 02331 Lemply:
Comp Mole Frac [Methanal) 0.0000 0.0337 0.0337 <Lemplys
Comp Mole Frac [H20] 0.0000 0.0337 0.0337 <emphys

b —
Slleamsl Unit Opz |

Now are process is solved, note that there is a certain amount of methanol in the
product stream so the reaction is working. If you double click on the CSTR again and
look at its Reactions, Results tab you’ll see the amount of conversion we are
achieving.

&% C5TR-100 - Global Rxn Set -0 x|

—Reaction Resultz Summarny

Reactionz
; % Reaction Extents " RBeaction Balance
Details _‘,ﬁﬁ"ﬂ'
Result | AN aze Comp R Estent
esulls Ran-i { 12.64 % if 2525
e g

— _ N N
Deszigh  Reactions | Rating I Workzheet I Dynamics I
Deit= | I | onored

10




5. Case Studies
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UniSim lets examine how the process will change as we alter some parameters of
the system. As a first instance we’ll see how the conversion rate in the reactor (the
Act % Cnv.) above changes as the reactor volume changes. This kind of examination
is called a Case Study.

1. Click on Tools, Databook
Insert the variables Reactor Feed Pressure and CSTR Actual % Conversion.

2.

# DataBook

=lolx|

—Aailable Data Entrie:

Dbject

“ariable

Reactar Feed

Pressure

CSTR-100

Ingert...

Fizn - Actual % Conversion [Rxn-1] (

Insert Object And*

¥ariables . Proces:

S ——
WE ]
[kPa]

# [kgmale/h]

w [kash]

Lig %ol Flow [m3sh]

i [kl /h]

Yariable Navigator

' Flowshest
" Caze
" Basis
T Utility

Flowsheet

—Mavigator Scope———

Object Wariable
caling duty Mozzle Elevation [Ground)
DrummyLiquid Object iz an Extenzion
Product Object iz Ignored in Calculations
Oriertation
< Outer Veszel Temperature

eed | Outer Wall Temperatures
ProductBlock_DummpLiquic | Outlet Temperature
ProductBlock_Froduct Outside Heat Lozz 1
Overall Heat Loss
Overall Heat Loss Area
Phase Level _I
Phase Level Percent
Phaze Temperature [dynamics)
Phase Yolume

Wariable Description:

Reaction Heat [25°C)
A !

Object Filter——
* Al

" Streams
= UnitDps
" Logicals
" ColumnOps
" Customn

Custam... |

“Wariable Filter:

I Simulation = l

IF!xn - Actual & Convergion [Ren-1]

Cancel |

On the Case Studies tab Add a new case study and choose the Reactor Feed Pressure
as the independent variable and the CSTR Rxn — Actual % Cnv as the dependent
variables as shown below

# DataBook

—twvailable Caze Studie

=101 x|

—Cagze Studiez Data Selection

Current Caze Study IEaSE Study 1
Object " ariable Dep
Feactor Feed Pressure r
CSTR-100 | Rsn - Actual & Conversion [Re &~

" Table

{* Graph

—Awvailable Dizplay

" Tranzpose Table

n— —
Wariables I Frocess Data T ables I Strip Charts I Data Recorder ¢ Case Studies el Scenarios

Click on View to see the Case Study and fill it out as below

11
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A case Studies Setup - Main

Caze Studies

IEase Study 1

[~ Step Dowrwward

Murnber

State In

of States

put Tope

246

=10l x|

I Megted = I

Yariable

Slapeige,

Uze Log Step Mo, of Paints

Feactor Feed - Pressure

JormrErmynd | Hi hd
100.0 kB {5000 kY=
T

{ 20.00kFa

r 246

o —

_
Independent Yariables Setup I Display Properties

Failed States

Now click Start and when it finishes running click Results. You should see a graph akin to
the one below. Note how these results are consistent with Le Chatelier’s Principle.

Case Study 1

fa—) [V R o IS ]

Reactor Feed - Pressure (kPa)

—
= 20.00 5
e ; L
— 18.00 3 T
. E L
E 3 ‘;‘I/ZJE
16.00 3

o E
e E
— 14.00 3
e E/Z
i 12.00 3 =1
D 3 TJZT
= 10.00 4 =]
b= =
(& 8.000 3 |
= e
- 6.000 &
I E =
= £ =]
= 4.000
< E 1/IZ'/
. 2.000 3 o
= 1

0.0000 |
o- 0.0000 500.0 1000 1500 2000 2500 3000 3500 4000 4500 5000

You are also asked to examine two other parameters that influence Actual % Conversion

and produce Case Studies for them.

6. Report
Your report will consist of:
e A screenshot of your PFD
e A screenshot of the workbook
e Screenshots of your Case Studies

(2 marks)
(1 marks)
(2x3 marks)

e Explanation of the principle behind your case studies (e.g. for the first one it is

Le Chatelier’s Principle

(2 marks)

12
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Reaction and Separation

This lab won’t present too much new material, it will mostly serve to reinforce the learning
outcomes from the first two labs and also give less hand-holding. To remind you, the skills
we’ve developed so far are:
e Constructing the component database
Configuring a reaction
Setting up a PFD
Inputting the required parameters into the workbook
Displaying the results of the simulation

In today’s work we will have two feed streams, water and propylene oxide. We will mix them
together and feed to a reactor. Here the reaction: H,0+C,H,O — C,H,0O,takes place,

producing propylene glycol. We'll be setting up a PFD something like this:

_d
vapour

vapour
out
V-100

Feed j :
Oxide Feed L2 Z

liguids
mix-100 Out CSTR-100 7

heater out
E-100

liquid
out

10. Getting Started
As before, to log on to the PC’s and launch a new case of UniSim Design R400.

11. Component Database

In the Simulation Basis Manager add water, propylene oxide and propylene glycol to
the components list.

+ Component List Yiew: Master Component List - |EI|5|
Add Component —Selected Components—————— ~Compaonents Available in the Component Librar
Hz0
EI c=0m$0,—:tnts I S A0uide Match Ipropyle— “iew Filters |
H radnensl 12-C3diol
i+ Hypathetical i Sim Mame f* Full Name / Synonym " Fomula
L Olthe
= T2Hexdiene  Propulaliens TEHT0 =]
<==dd Fure Fropene Propylens C3HE
12-CIC3 Propylene_Chloride C3HECI2
Propylene Dichloride CIHECIZ
<-Substitute-> | tonvene. Glvcol-2-Methel Ether

Fiemove---> | C3=G2ACAEhr  Propylene_Glycol_tert-Butyl_Ether-2 CYH1ED02

C3=Carbonate Propylenecarbonate C4HEO3
C3=imine Propulenelmine C3H7TM

Sort List | 1-Pentens PropylE thylene CBH10
Propane PropyHydride C3H8

Yiew Component |
-
v Show Synonyms I~ Cluster
-
Selected I Component by Tupe
Delete | Mame IMaster Caomponent List

Close the Component List View.

13
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Click on the Fluid Package Tab and then Add and choose the relevant fluid package.
The flowchart below should help you choose the correct one, bearing in mind that we
don’t have gasses, electrolytes, and that the Binary Interaction Parameters are not all
known.

Classify components in your process
Gasses
Non-polar
Associating
Solvating
Electrolyte

INO

Electrolytes? NRTL, Pltzer, or Bromley

yes
All gasses, or
non-polar’? Peng-Robinson, SRK
: yes
yes

|

No

BIP’s all NRTL, UNIQUAC, FH,

Any gasses?

known? Wilson, or VanLaar

yes

UNIQUAC

yes

Any polymers? ——— SAFT, ESD

No
yes
Henry’'s Law
Pressure < m———

10°Pa?

AN A A A A

1No

ESD, SAFT, MHV2,
Wong-Sandler

The connection between temperature and pressure will depend not only on what
chemicals are present but also on how they mix together. For this we need the binary
reaction coefficients.

Click Binary Coeffs. To complete the table click on Unknowns Only, making sure the
radio button UNIFAC VLE is selected

14
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Dui MNoName_2.hsc - Aspen HYSYS 2006 - aspenONE

File Edt Basis Tools Window Help

i PuT Erviranment: Basis
j @ & ‘ A = ﬂj Mode: Steady State
i)
e s Packasee—— T 1ol x
 ai- MC: 3 PP LN —Activity Model Interaction Params
| ) N 5 & B | —Coeff Estimation————
Coeff Matriz Ta Yiew: o A Bi & LMIFACYLE
H20 12C30%ide | _12Cadil " UNIFACLLE
Hz0 523,550 -5.027 £ Immiscible
12C30xide -71.809 -170.570 . i
12-Cadiol 3033 | 78700 __gividoePai_|
Unknowns Only I
ALL Binaries |
Fleset Params.
R =1.88721
| cal/gmal K.
Component:  Fluid Pkgs

Enter PYT Ermsirarment SetUp | Parameters  Binary Coeﬂsl StabTest I Phase Order IF\xns I Tabular I Mates |

Delete | MName [Basict Propery Pk | <o Frcpoies |

Next we define the reaction between our components.
Return to the Simulation Basis Manager and click on the Reactions tab.
Click the ADD RXN button, the Reactions pop-up will appear. Choose Kinetic by
double clicking and the Kinetic Reactions pop-up will appear.
Choose the three components using the drop down lists from the Components
column of the table. Input their stoichoimetries as -1 for water and propOxide (-1
because they are consumed in the reaction) and +1 for propGlycol. Note the balance
error should be 0 (reaction is materially balanced) and the reaction heat should be
negative, indicating an exothermic reaction. Make sure the Fwd Order and Rev Order
boxes are empty, by deleting the entries if necessary.

ol

~Stoichiometry and Rate nfir

Companent | Mole'wt | Stoich Coeff | Fwd Order | Rew Order
12030 %ide 58,080 -1.000 {emptyy {emphy
Ha0 18015 -1.000 {emply {empyy
12C3dal 76.09% 1,000 {emply {emply
“fd Comp*

Balance Errar (.00000

5o | i e 50 e
Next, select the Basis tab of the Kinetic Reactions pop-up and change the Base
Component from H,O to PropOxide and also change the Rxn Phase to Combined
Liquid. Change the Basis Units to Ibmol/ft3 and the rate units to lbmol/ft3-hr.
Then click on the Parameters tab to input the Arrhenius parameters for the reaction.
Type in 1.7e13 for the forward A parameter and 75362 for forward parameter E.
There is no reverse reaction

E—— ——

i Kinetic Reaction: Rxn-2 =1l =|

] ]

Forward Reactiom——————  —Eguation Help

A 1.7000e+013 1 = k¥[Baziz] - k™F[B azis)

atalytic E 7RIEZ k=t exp i E/RT TR
_ m <emphys |

k' = &'=epp{-E'/RT 1" TR

Rewverse Reaction———— T in Kelvin
Al < emphyps

iction | E' < emphy
R < emphps

] Stoichiometny IBaSiS Pa[ametersl
Doz | Mame [Fun C Reay
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PROCESS CONTROL - 03 REACTION AND SEPARATION

The status indicator at the bottom of the pop-up changes from NEHRGaoN to RES.
Close the two reactions windows

On the Simulation Basis Manager, click Add to FP then Add Set to Fluid Package

12. Creating the Process Flowsheet
From the Simulation Basis Manager dialog box, click on the Enter Simulation
Environment... button in the lower right corner. This opens up a new screen called
PFD Case (Main) and also a menu dialog box with units and streams.
From this menu, click on a Mixer, CSTR, Heater, and a Separator.

’ . ° V-100

MiX-100 CSTR-100 E-100

Double click on the MIX-100 and type in the following three streams as connections.

Design Name |ME<-100

Connections
_‘-
Parameters

User Variahbles

Notes _/
—_—

Inlets Outlet

water feed

oxide feed i
<< Stream >3 Fluid Package

[Jlgriare Selected Feed Stream(s)
t Design | Rating J Worksheet J Dynamics J
Not Solved [lgnored
——"
water -

o Xj;%e—u:ﬁ mixer out
e_ CSTR-100

Note that these streams pop into the PFD as they are created on the MIXER
dialogue box.

Repeat the procedure for the CSTR, the Heater, and the Separator.

pour healer energy
wa-.w?l_)_\ _ | vapour

feed 5
—b—nflmixer out . CT:;"IOO
L
oxide feed liguid eater out
Mix-100 CSTR-100 £-100

-

product
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PROCESS CONTROL - 03 REACTION AND SEPARATION

We need to specify the parameters of the two feed streams, their temperatures,
pressures, flow rates, and compositions.

* WWorkbook - Case {Main)

I arne water feed oxide feed miser oLt S
Y apour Fraction 0.0000 00000 [0.0000
Temperature [C] 24.00 24.00 24.00
Prezzure [kFa] 111.5 111.5 111.5
kalar Flow [kamolesk] 2775 EE.00 355
bl azz Flow [kglh] A000 3949 2349
Std ldeal Lig %ol Flow [m3dh] .00 4728 9,738
Heat Flow [kJ/h] -7.909e+007 -8.228e+006 -8.732e+007
tolar Enthalpy [k kgrmole] -2.850e+005 -1.210e+005 -2 527 e+005
Comp Mole Frac [12-C3diol] 0.0000 [0.0000 00000
Comp Mole Frac (12C30xide] 0.0000 0.1968
Comp Mole Frac [H20] 1.0000 0.0000 0.a03z2
E W ApoLr [iquid heater out W
. Streams M

The parameters in blue type are entered by the user, those in black are calculated.
The Comp Mole Fractions are added to the work book using the workbook, setup
options from the toolbar as we have done before.

Next we need to configure the reactor. It needs to be told the reaction that we are
using in it. Double click on it, go to the reactions tab, and add the reaction we created
earlier. Also, on the dynamics tab specify the reactor volume to be 8m? and the liquid
fill to be 85%. The reactor needs this to be able to calculate the residence time in the
reactor and thus the reaction extent.

=% CSTR-100 - Global Rxn Set

£ CSTR-100 - Global Rxn Set

Reactions Reaction Informatiory Dynanics Modd Detal
r Reaction Set |ElNENRIEE] Reaction () Iniisizz From Products | Vessel Vohume [m3) 4000
Detais Specs ) Dy Statup Vessel Diameter [m] 183
| i Specfics (3 Stoichiomety () Basis Holdup O Intigize From Liser ~~ |Height [1] 2840
. StipChat LiqYahume Percant [%] 600
Stoichiometry
BT Hoe Wl Sioich Coelf Heat Exchanger Leve! Calculator \ Vetical cylinder
123 0ride A 3.0 Fraction Calculater | Use [conected] levels
20 18015 -1.000 Enable Explict Reaction Calculations
12-C3diol 709 1.000
“hdd Comp™ Dynamic Speciications
Feed Delia P [Pa] [I 0.0000 ‘
Balance Errar | 0.00000 Vessel Presaure [+Pa] | 11| [0
Reaction Heat (25°C) | -3.0e+D4 ki/kgmale
Deiign Reactions MMM N Design | Reactions | Rating | Worksheet  Dynamics
e e | |Igrored I (i

== T

Lastly we need to configure the heater. We'll do this by specifying the heater out
stream by stipulating its temperature and pressure. We'll make it isobaric but let it
warm the output stream to 150°C.
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PROCESS CONTROL - 03 REACTION AND SEPARATION

13.

14.

heaten out

worksheet SOl M=l

= “fapour £ Phase Fraction
Conditions T emperature [C]
Propertiss Fressure [kFPal
Cormpasition aolar Flows [karmol=-h]
Ko alus tdass Flow [kash]
U=er »ariables Std Ideal Lig ol Flowe [m3-,h]
Motes tolar Enthalpy [kd Acgmele]
Cost Params ters Folar Entropy [k Akgmole-C]
Heat Flows [kl Ah]
Lig /ol Flow S td Cond [m=/h]
Fluid Packages

____________1:
[
B
m
m

< >

worksheet | Attachments | Dynamics |

[ D elete ] [ D efine from Other Stream... ] <= =5

At this point the entire PFD should be solved.

Process Simulator Output

Like last week, we will verify the material balance of the simulation. This is
complicated because of the reaction.

From the main window, click on the Workbook icon on the toolbar.

% Workbook - Case (Main) |

Hame waterfeed | owdefeed ik ol yapalr Iud | hesteront ) vapouout podict | eater enzny
Wapaur Fracton I .m0 o 10000 1 0743 100 10ma (e
Tempergiue (] 20 Al Pl 1135 1135 1510 19010 1510 ey
Pressure iPe 115 M5 115 M5 115 M5 115 M5 ey
bl Flow ol a7k Al Bl f13 154 1334 1435 134 ey
s Flow (k] 1] 143 13 159 ki) TH 417 it ey
St dealLig o Pl ] il 47 7 15 71 1186 4% 3067 ey
HeslFlow k] L 21 2 A1 A A1 1 1
bl Enthitoy () ok Q0| a0 250l |  40el0n 3ARTedD| 005 ZEel0B|  A27IedNR {empip
Masler Comp Mole Frae 12034 100 0% 1000 00e 13443 03448 0198 177 denpt
Masler Comp Mole Frae 12030 100 10000 (1158 00nn 1 0000 000 00001 denpt
Masler Comp Mole Fae (H20) 1000 00m0n ki1 1943 1L 06852 IR 1z et

Examine the output from the workbook and verify that material balance is good for
total molar flow, and for each component molar flow fraction. Also, do a material
balance for the mixer, the reactor, and the separator. Calculate the conversion and
the yield for the reactor.

Report
Your report will consist of:
e A screenshot of your PFD (1 marks)
e A screenshot of the workbook (1 marks)
e The material balance calculations (0.75x8 marks)
There are eight of these:
i) Total molar balance around the mixer
i) Component balance on water around the mixer
iii) Component balance on oxide around the mixer
iv) Total mass balance around the CSTR
V) Component balance on glycol around the separator
Vi) Component balance on water around the separator
vii) Total molar balance around the separator
viii)  Total mass balance around the entire process
e Conversion and yield calculations (2 marks)
Calculate the conversion rate on water in the reactor. Because there are no
competing reactions, this will also equal the yield.
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Production of Ethyl Chloride

Introduction:

One of the routes to produce ethyl chloride is by the gas phase reaction of HCl with ethylene:
C,H,+HCI - C,H.CI

The PFD for the process is shown below:

)
Recycle stream purge
()]
[ Reactor ]— s
Feed L @
100kgmol/hr
50% HCI

48% C,H,
2% N, |

Pure C,H.Cl

Since the reaction only achieves 90% conversion the unreacted components are separated from the
ethyl chloride and recycled.

The process is operated at 25°C, atmospheric pressure (100kPa) and pressure drops are ignored.

To prevent the accumulation of interts (N;) in the system 10kgmol/hr is purged from the system. We
want to investigate the effect of the flow rate of the purge stream on the recycle rate and the feed
to the reactor.

Initial Setup:

1. Start a new case in UniSim

2. Select ethylene, HCI, ethyl chloride, and nitrogen as components.
3. Choose the correct fluid package bearing in mind that everything here is gas phase.
4

Check the binary coefficients, (should be mostly 0).

Setting up the Reaction:

In the simulation basis manager, click the reactions tab, click Add Reaction, then choose conversion
reaction. Enter the stoichiometry for the reaction (remember, -1 for consumed in reaction, +1 for
produced). On the Basis tab enter Ethylene for the base component, Overall for the Rxn Phase, and
90 for Co. Leave C; and C; blank, we are not considering any temperature dependence for this
reaction. Don’t forget to add the reaction to the fluid package.
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Setting up the PFD:

Set up the PFD as shown below. For the Splitter, click on Design then Splits and make sure all the
Ethyl Chloride goes to product and everything else goes to For Recycling. Make sure the very last
thing you do to complete the PFD is to connect the Recycle stream into the Mixer. Set the flow

rate in the purge stream to be 13kgmol/hr.

@®- o

r‘ec}?ﬁef

RCY-1

for —
recyeling rep.4gg PUr9e
S

plitter

L~

product

regycle

- Conversion
=] Reactor )
general reactor, conversion.
————— ’
mixer out = . You II. need to add the
Mixer reactor reaction set on the
: duty appropriate tab
iy pprop
- empt
FEED e

Parameters rEjlalzulalion Maode Properties Tolerance
ode: Mezted - -
Vatiables | : | |PSD Properties [ 1.000s-002
Mumerical Acceleration: © wegstein

) Dominant Eigervalue
b airnum berations 100 |
Iteration Cont 3
Flazh Type PT Flazh

‘Wegstein Parameters

Acceleration Frequency || 3
[J bl aimum 0.00
2 Minirmum -20.00

Adjust-Recycle Manager...
Acceleration Delay ’ I 4 0 ]

Connections Palameters| itk sheet JMonilor J Userariables J

Stop Before Execution Stop After Execution
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1. As acheck, the worksheet should look as follows:

Fie Edt Smulation Flowshest Morkbook Tools Window  Help

130 Tl B HASCS4EE =¢ O oo 4 e Sesiytine

* Workbook - Case (Main)

Marne FEED recycle miger aut | reaction produc emphy far recycling Praduct recycle] puige stream
Yapour Fraction 1.0000 1.0000 1.0000 1.0000 0.0000 1.0000 1.0000 1.0000 1.0000
Temperature [C] 25.00 25.00 25.00 2500 2500 2500 2500 2500 25.00
Pressure [kPal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Molar Flow [kgmale/h] 100.0 013604 101.0 A7 46 0.0000 1396 4350 0.9619 12.00
Mazs Flow [kg/h] 3226 09 3257 3256 0.0000 450.3 2806 .02 419.3
Liquid olume Flow [ma/h] RE73 4.962e:002 h.728 2830 0.0000 07208 3109 4 966e-002 NEA2
Heat Flow [k /h] 21064006 | -2B9%4004 | -2137ee006 | -5261e+00B 00000 | -3923e+005 | -4.870e+006 | 2703e+004 | -3EB3e+005

Case Studies, Effect of Flow Rate of Purge on Process:

| UniSim has a handy way of examining dependencies. We're going to look at the effect of the flow
rate of the purge stream.

1. Click on Tools, Databook.

2. Inthe Variables tab choose the following variables:
a. purge — Molar Flow
b. recyclel —mass flow

c. mixer out — Phase Component Mole Fraction (Overall-Nitrogen)

3. Onthe Case Studies tab Add a new case study and choose the purge stream as the
independent variable and the mixer out and recyclel as the dependent variables as shown
below

A Cae St Setup - Hain

Lwalable Cage Studies Cage Studies Data Selection

Case St
Curept Case Stugy | Case Study 1 Cate Sty 1 Moo Stakes 17
Obiect Varighle Ind Dy
lpwge TR |-p [1%epDorad Stz hpu T
r:::fﬂ PhasatompMu\thrAaacs[SDFxg: 5 g Yaiatle Liw Bound High Bownd  StepSze | UseLog Sen Na.ofPains
page-HolaFlow 500k 300k 0500k [ 17

Awalable Displays
O Tatle
() Transpose Table
(%) Grzgh

=
Independent Vaniables Setup | Disnlap Poneites | Faled Sttes
"~ Vs J Process Data Tables J Stip Charts J Dta Recorder I Aot H Delele H Resuls.. ‘

4. Click View to enter the Case Studies Set-Up screen and fill it out as above:
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5. Now click Start and the Results to get the required graph, something like below. Interpret
your results in terms of the efficiency of using the input ingredients versus the problem of
build-up of inerts in the process.

—=~  Phase Comp Mole Frac (Overall-Nitrogen)

Case StUdy 1 = recyclel - Mass Flow

=

“8’-, 01200 5 = 1200

= = E

= 01100 & £ =

= L\ Eoon S

= 0.1000 3 £ =)

o I i =

g 59.000e-002 5 i £ o 3
3 £ =]

<= 5.000e-002 £ i

(&) El E

© 7 0o0e-002 3 \m E g 0

' E g

2 50008002 y : .
Eamnn —

= 5000002 2 k&\E 3 o

o E E °

£ 4mme-nnzd Q\EM__E Foonn O

3 3 DE-0nz E Q\E\F?;-\ﬁ%% *

0 El E

@© 2000e-002 & £ 0.0000

£ 5000 6000 7000 8OO0 9000 1000 1100 1200 1300 1400

purge stream - Molar Flow (kgmole/h)

Profit Calculations

UniSim also lets us calculate the financial gain from this process. It contains an internal spreadsheet
into which functions can be entered, featuring variables from the Workbook. In this way we can
figure out the profit made from a given size of purge stream.

The purge stream wastes some of our reactants, so we want it to be small. However if the purge
stream is too small the reactor will become unfeasibly large to accommodate all the N, drifting
around the system.

To set up the Spreadsheet, drag a Spreadsheet from the Objects Palette anywhere onto the PFD (it
doesn’t connect to anything).

Type in the entries as shown below.

- O] =
—Current Celt
Expartable il
Cy “ariable: | Argles in: I "I
& ] C 5] -
1 HCI Feed HCI Ciost
2 E thylere Feed Ethylene Cost |
3 mixer out mazs flow E quiprnent Cozt
4
o] Froduct Flow Ethyl Chloride Cost
B Profit
7
2 - |
KNI ol

Connections I Parameters IFDrmuIas Spleadsheetl Calculation Order I I“—

Delete | Function Help... Spreadsheet Only... | ™ Ignored
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Right click in cell b1, chose Import Variables, FEED, Comp Mass Flow, HCI. Do the same for cells b2,
b3, and b5 with the appropriate choice of variable. It should give you a spreadsheet as follows:

i ] ]
—Current Cell
Imported From: |[product Exportable =
ER Wariable: |Mass Flow Srglesim |Rad

A B C 3] -
1 HCl Feed 18230400 kash HCI Cast
2 Ethylens Feed 13465824 kash Ethylene Caost [
3 riiser out mazs fow 3257 kath Equipment Cozt
I
h Froduct Flow 2806 kgth || Ethyl Chiloride Cozt
E Frofit
7
g -|
KT ol

Connections I Parameters IFu:urmuIas Spreadsheet | Calculation Order I ”r

Delete | Function Help.... Spreadzhest Only. | I lgnored

We want to calculate the profit based on the formula:
Profit = 330*24*[2.5*product-(1.5ethylene + HCl)*Feed]
—0.1[500*(330*24*Reactorin/1000)°¢]

The raw cost of ethylene is 1.5x10-3 units per kg, that of HCl is 1.0x10-3 units per kg, and the sale
price of Ethyl Chloride is 2.5x10-3 units per kg. The last term accounts for the price of the reactor.

To this end, in the spreadsheet tab enter the following data (note, the formulae are shown below in
the formulas tab, but you must enter them in the spreadsheet tab):

-0 x EENTE (o]l
~Formula Summary rCunent Ceb
o — - Yariable Type: | Connp. Mass Flow j Exporable 7
D1 =304 e- 301 | 14438.4769 ka/h i Variab\e:l Lngles i | Rad 'I
0?2 =J30%241 Be-3b2 | 15997 3992 kath
03 =150 330°24°b31000] 0.6 2.718e+004 e 3t
b5 =330+24+2 Be-3b5 | 5.ABRe+004 kath
Df =fdid2dl | 29510267 kah A i L ) s
1 HCFeed | 18230400 kath HEICost || 14438 4763 kot
2 Ethylene Feed | 1346 5824 kath Ethylenie Cost | 15897 3882 kgt =
3| river out mass fiow 3ATkah | Equipment Cost 218414
4
5 Froduct Flow 2806 kash | Ethwl Chloride Cost | BiA56=+00 kath
B Puoft | 2351.0267 karh
i
8
g v|
=

=
Connections IParameters Furmulasl Spreadshest I Calculation Order IFrum “r LeiEei IParameters IFormuIas ] Ea ol I]_

Delete | Functian Hep.., | SpleadsheetDnly...l I lored

Delete | Function Help... | Spreadshest Only... | I lgnored
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Cell d5 gives us the profit.

Adjust the purge stream molar flow rate between 5kgmol/hr and 15 kgmol/hr and examine the
profit recorded. Plot a graph of purge stream molar flow and profit. If you are clever you’ll do this
using the Case Studies Tool (you might have to knock off the two other dependent variables first).

Mass Balance

Do a mass balance on the Splitter by looking at the streams coming in and leaving this unit. Do the
mass balance on the total mass flow and also on each component molar flow.

Write-Up

Include:

copy of PFD (1 mark)

copy of workbook (1 mark)

case studies curves (2 marks)

graph of profit versus purge flow (2 marks)
purge flow rate value for optimal profit (1 marks)
material balance around splitter (2 marks)
conclusions (1 mark)
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05 HEAT EXCHANGERS CALCULATIONS

UniSim Heat Exchanger Calculations

Problem 1

e Set up a fluid package with H,O and benzene. Use the UNIQUAC property package.
e Set up a heat exchanger with four material streams. Call them tube in/out and shell

—-
tube ianhell
in

in/out.

e Set the compositions of both tube in and shell in to be 100% water. Set their

L

—
shell

tube Chi

out

E-100

temperatures to be tube in = 25°C and shell in = 90°C. Set the flow rate of tube in to

be 9000kg/hr. Set their pressures to be 300kPa (tubes) and 200kPa (shell).
e Set the temperatures of tube out and shell out to be 40°C and 55°C respectively.

o Double click on the heat exchanger and connect the four streams to the appropriate

inlets. On the Parameters page set the Delta P’s (pressure drops) to 30kPa.
e To work correctly, we must let UniSim adjust the UA value. On the Design, Specs
page of the Heat Exchanger uncheck the UA active box.

Solver

Design

Unknovan Variables

Tolerance
Connections Alloved Max Delta T
Parameters Currerit Ermor
Maimurn Iterations
Iterations

User Yariables Unknown Yariables
Constraints

Dearees of Freedom

Specs

Notes

Specifications

1.000e-04

Walug

<emply>
1.956e-12
25

2

Flows of shell in

1
1
]

215.6 kgmole/h

Specified Value Current Value | Relative Error | Active | Estim,

E-100 Heat Balance
E-100 LA

00000 kI 1176006 kiA 19562012
<emply> | 1 BE3e+104 /T Cemply>

F
[cd

uncheck

Add...

—
Design | Rating J Worksheet J Performance J Dynamics J UniSim STE j

el | A

[Jignared

We have now specified seven of the nine parameters a heat exchanger needs, and this is
enough to solve it uniquely. It's smart enough to figure out the composition of the outlet
streams, and to calculate the flow rate through the shell and the UA value for the heat

exchanger.

Do these calculations by hand and see if your results agree with UniSim.

i) calculate the shell side flow rate by conservation of energy (msCsATs = MCATY).

i) calculate the LMTD using the four temperatures

iii) divide the LMTD by the Fr factor on the performance details page (this takes

account of the fact that the exchanger is a 2-1 pass and so is neither counter nor

parallel flow.

iv) Calculate UA using g = UA AT where AT is the LMTD, assume counter flow.
You can check on the LMTD from UniSim from the Performance, Specs tab of the heat
exchanger. Note that because this is a 1-2 heat exchanger we don'’t have a simple counter
flow but this is corrected by an F; factor; LMTDactuai = Ft X LMTD.
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05 HEAT EXCHANGERS CALCULATIONS

For a 1-2 heat exchanger, Ft is calculated from the equation:

|_|in Hou
1-S Where R = ‘
2 In Cout B TCin
F = (R7+1) 1=RS and
L =
— 2
R-1 " 2-S(R+1-VR?+1 T T
Cout Cin
[o2 S=
2-S(R+1+vR"+1 T _T
Hin Cin
In this case this gives F; = 0.939. You
should check this by doing the calculation TS “;5“2 525"
by hand (or in Excel, as shown on the Out (°C) a0 55
right). Flow (kg/hr) 2000 3857.143
Shc(Jkg' °C) 4180 4180
UniSim won't let us use an uneven
number of tube passes (see the Rating, ATg(*C) = 50
AT, (°C) = 30

Sizing tab of the heat exchanger) so the
simplest heat exchanger we can configure

LvrTD(ec) =| 391523

is 1-2.
5= 0.230769
R= 2.333333
Fr_ 0.9395183
Problem 2

Set up a second heat exchanger. Again we’ll just use H,O. Set the tube in temperature to be
25°C, pressure to be 300kPa, and flow rate to be 9000kg/hr. Set the shell flow in to be 90°C,
pressure 200kPa, and flow rate to be 6000kg/hr.

Configure the heat exchanger to have a UA of 6000kJ°C*hr? (you'll need to check the UA
active box again to do this). Again set the Delta P to be 30kPa.

This gives the heat exchanger enough information to be solved. Record the values for the
outlet temperatures and see if they are consistent with your calculations.

Problem 3

For our final heat exchanger we will configure inputs of H,O at a temperature of 25°C and
benzene at a temperature of 95°C. The pressures in all four streams are 101.3kPa. The flow
rates are 9000kg/hr for the H.O and 2000kg/hr for the benzene. The heat exchanger has a
UA of 2x10%kJ°Cthr,

There will be a phase change in the heat exchanger so this will dictate which fluid is in the
shell and which in the tubes.

Make all the connections to solve the heat exchanger. Then plot a graph (performance plots)
of temperature versus heat flow. Note how the phase change affects this graph. If you right
click on the graph and choose Graph Control you can change the plot colours to something
clearer.

Report
Your report should consist of the following:
e Screenshots of the PFD for all three systems (1.5 marks)
e Screenshots of the Worksheet for all three systems (1.5 marks)
e Calculations for the first two systems, showing if our sums agree with what is shown
in UniSim. (6 marks)
e Screenshot of the graph from problem 3 (2 marks)
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PROCESS CONTROL - 08 TANK DYNAMICS

Dynamic Simulation of a Tank Separator System

Dynamic simulation enables us to see the effect of disturbances on a system. This is
especially critical for batch systems, where steady state operation is the exception
rather than the norm.

We will begin with a simple system involving a tank being fed by a single stream
which separates into a liquid stream and a vapour stream. We will use three valves
as controllers.

First we need to set up the steady state mode:

Create a fluid package containing ethane, propane, i-butane, and n-butane. Choose
the Chao-Seader fluid package (this is a good choice for hydrocarbons and light
gasses). You won’t need to worry about binary coefficients here.
Create the pdf as shown below:
e The Feed stream composition is 10% ethane, 20% propane, 30% i-butane,
and 40% n-butane
The Feed stream flow rate is 100kgmolhr-t
The Feed stream temperature is 70°C
The Feed stream pressure is 2000kPa
The pressure drop (DeltaP) across valve 1 is 1500kPa
The pressure drops across valves 2 and 3 are 200kPa
The pump has a pressure rise of 200kPa

K4 v 3
apour valve
Y valve 3 aut

= Tank

Fead “Walve
valve 1 1 out

& e
Pumnp D._I]Itmp yalve 2 53 Ve
—_ out

purnp
power

Now we need to prepare our simulation for the switch into dynamics mode. This is
important because some factors, like for instance the tank size, have no impact on
the steady state conditions but are critical to know when it comes to the time
response of the system, its dynamics.
e For each of the three valves, go to their dynamics tabs, set the Valve Opening
% to 50%, check on the Check Valve box, and click on the Size Valve button
e For the pump, on its dynamics tab, ensure the pressure rise and efficiency
buttons are clicked. This will ensure that the pump maintains the same pump
pressure head as flowrates change during the dynamic simulation.
e The size of the tank is chosen to be 2.13m? with a diameter of 1.11m. This
gives 10 minutes of hold-up (liquid flow rate is 3499kg/hr, liquid density is
547.7 kg/m3, and the vessel is 50% full) and keeps the superficial vapour
velocity below 0.187m/s.
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PROCESS CONTROL - 08 TANK DYNAMICS

At this point save your programme, including steady state in the name. Once we
switch into dynamics mode UniSim will make changes to our programme that will be
hard to reverse so it's good to keep a steady state copy, just in case.

Switch to dynamics mode by clicking on *> on the toolbar. Accept the changes that
UniSim recommends. Make sure the dynamics mode button is depressed.

We want to include two control elements in our pdf:

1.
2.

flow control the feed with valve 1
control tank level with valve 2

Click on the PID controller icon @ on the palette, drag it onto the pfd above
valve 1.

Click on Select PV and choose Feed, and Molar Flow.
Click on Select OP then choose valve 1, and actuator desired position.

On the parameters tab of the controller

Select reverse acting (increase in flow results in a closing of the valve).

Set the range to be 0-200kgmolhr? (twice the steady state value).

Select Mode, Auto (because the controller gets its set point from another
controller.

Set the PID constants to be K¢ = 0.5 and Ti = 0.3minutes. Leave Td empty.
Click on the Faceplate button and drag the faceplate up above the pdf window

Add the tank level controller

choosing Tank, Liquid Percent Level for the PV

choose valve 2 for the OP

choose a range of 0-100%

choose direct action (an increase in tank level leads to an opening of the
valve)

Set Kc = 2 and leave Ti and Ta empty.

Select Mode, Auto

Again, click on the Faceplate button.

Save your work. The pdf should look like this:

FIC-100 E (JLIC-100 =

Euecilnt Spr L Ewxec:lnt  Sp: L

P 100.00 Bt 0.000
OF: 50.00 OF: 5

Zli
IAuto vl Tuning I IAUtD 'I Tuning |

L5
—
valve 3 out
valve 3

P M oA @R

FIC-100

Feed Valve 1
valve? 4

I Drefault Colour St

LiC-100

—
Pump valve 2 out

Liguid out valve 2

pump power
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Your next job is to add a third controller to control the tank pressure level (called
here Vessel Pressure (dynamic specification)). A range of 300-700kPa seems OK,
and a K¢ = 2 would work. We'll leave it a proportional only controller so leave Ti and
Ta empty. But you'll need to find the correct PV, select the appropriate OP, and
decide if it's direct or reverse acting.

Installing Recorders

We need to be able to see how variables are changing with time, dataloggers and

strip charts are useful for this. And even though the visualisation and analysis of data

isn’t that great in UniSim, it does let us export to other applications like Excel.

1. Open up the databook (from the Tools menu)

2. From the variables tab, click insert, then click Liquid, Molar Flow.

3. Click insert again and choose the Liquid percent level in the tank and then the
tank vessel pressure (dynamic spec), the Feed molar flow and the Vapour molar
flow.

4. Go to the strip charts tab. Click add =lml
to install a datalogger and click on Ayl S Chats————— il S Chat Dt St
the three molar flows to make them Ml Loggertae Dtdongs Sangeln LD
active N Vaidk o
5. Click View, StripChart. Right click | s eetmees |
on the window that appears and — o bl :
choose Graph Control. Adjust the ) Fed oFon |
colours to something more o
appealing (and more printer friendly) apl
than a black background. As well as ™
Graph control, note the other

options such as Select Curve, and
the two Autoscale’s. These are
useful.

"~ Vailes I Process Data Tables  Strip Dhalts| Data Recorder I Case Studies lﬂecScenalios r

6. On the Time Axis tab click on Set Up Logger and change the number of samples
to 3600 and the sampling interval to 50 seconds.

LELCH [ R

A Strip Chart Configuration - Dataloggerl P ] | Logger Set-Up - D
Unit: Logger Size [ # Samples
F.. 5 4 Low Time High Time Delta Time 3E00
Seands 7675 E778 0
" Minutes P——
" Hours Customize Time Interval I
" Farmatted . 50.00 seconds
Time [nterval

Enabl 100.0
[ Time Asis Visible

Open Databoaok. | Set-up Logger I
General - Axes Time Axisl Frirting I Notes

7. This is a good time to save your simulation (give it a file name with dynamic in the
title this time). Once we start playing around with set points it is possible to make it
unstable and we might need to start again.

8. Run the simulation by clicking the integrator active button & lon the toolbar.

9. See how changes in Feed flow effect the flows in the vapour and liquid streams.
Adjust the set point on the Feed flow rate by dragging the red arrow on the FIC-
100 Faceplate. Note the changes in the flow rates in the liquid and vapour
streams. Which one responds more rapidly?
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Exec: Int

F: 109,24 bm

OF: 55.19

Bk *| Tuning I

10.We can also examine other dependencies. For example, note how a change
in the LIC-100 set point leads to a temporary change in the liquid molar flow.

420

1l Lol
/’_f I AN ST

/

/

N 07
Y

A

Tank - Liquid Percent Level (%)
D
o
D

19024004 11072004 119824004 11094004 12004004 120124004 12024004 1004004 04004 12050004 12002004 12072004 12084004 120024004 121024004 1.Z11edO0d
Minutes

11.To export data to another application, go back to the databook, highlight the

datalogger you used, and click historical. The file can be exported to a .csv file
which can be opened by Excel for example.

a0
70—
a0
50
4
30 4
20
10

0 T T T T 1
755000 7e0000 7e5000 F70000 FIS000 780000

Report
In your report include the following:

e A screenshot of the pdf, also detail the steps you took to include the tank
pressure controller (3 marks)
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A screenshot of a strip chart showing the response of the system to a step
change in the feed flow rate. Use this chart to explain the connections
between changes in the flow rates of the three streams. (2 marks)
A screenshot of a strip chart showing the response of the system to a step
change in the tank fill level set-point. Use this chart to explain the connection

between fill and liquid flow rate (2 marks)
A screenshot showing data exported to Excel (12 marks)
Justify the choice of 2.13m3 for the tank size. (2 marks)
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Mixing Dynamics

This lab sets out to examining the dynamic behaviour of a mixing system in response to a
change in one of the input streams. We will be setting up and running a mixing system in
UniSim, exporting its results into ExCel, and analysing these results with mathematical

modelling.

UniSim Steady State

Create a component list including toluene and benzene. Use Peng-Robinson as the fluid
package. Set up the following pfd and worksheet as shown below. Note, you should set the

Tank to have a volume of 0.05m2:

Input o
AFJ ermpty
=100
————————————— 3 —
Input Ciutlet
B
= Workbook - Case {Main) - |I:I|i|
Mame |t 2 Input B emphy Clutl=t == [ g 5
Wapour Fraction 0.0000 0.0000 1.0000 00000
Temperature [C] 25.00 25.00 24 97 24 97
Pressure [kPa] 101.0 101.0 101.0 101.0
bdalar Flow [kgmolesh] 5.972 2,256 0.0000 8.229
tazs Flow [kalh] 500.0 200.0 0.0000 700.0
5td Ideal Lig %ol Flaw [m3/h] 0.5703 02292 0.0000 0.7934
Heat Flow [kd/h] 2111e+005 5.042e+004 0.0000 2.615e+005
tdolar Enthalpy [kd/kgmale] 3.535e+004 2 234e+004 7.434e+004 3.1 78e+004
Comp kMale Frac [Toluene] 04000 07500 02524 0. 4960
Comp kMale Frac [BEenzene] 0000 02500 0.7476 0.5040

_—
Streams I Unit Op= |

Save your file.

UniSim Dynamics

Switch to Dynamic Mode () and accept the change that UniSim proposes. You might
need to click the dynamic mode button a second time for these to take effect. Note that on
the worksheet, the molar flow values for Input A, Input B and Output are now in blue,
meaning they can be adjusted.
We want to examine the composition of the Outlet stream as we change the inlet streams,
so add a Strip Chart tracking the mole fraction of toluene in the outlet along with the flow rate
of Input A. Click on Tools, then Databook and set up the variables as shown below. Go to
the strip charts tab, Add a Datalogger, and click on our two variables to make them active.
The click on Strip Chart.

o
rhyalable D'ata Entrie
Object Variable Edi.
(utlet Camp Male Frac [Tolueng)
It & MassFlow | (L Inset..

Co
&

==

[elete |

Delete AL |

Delél Ui

Insert Dbject And Variable Groups.. | Insent Ohject And Variable Pas... |

=
Variables | Process Data Tables I Stip Charts I Data Recorder I Case Studies InecScenalios r

# DataBook

~hyailable Strip Chart
i} E‘taLI:II]I]EEH

!
H

€D

—~
fip Cht... | ]

ISIONICAL

Current..

~Individual Stip Chart [ata Selectio

Logaer Name |DataL0gger1

Sample It ]29-99

Ohiect

Varable

Outlet

Comp Mole Frac (Tolueng|

Input &

Setup...

Setup Al
Clear

= Vaishles I Process Data Tables  Strip Ehartsl DataRecorder | Case Studes I:ecScenarios r r

=0ix|f
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Right click on the Strip Chart. Make the colour scheme more attractive. And Click on Set-up
Logger. Set the number of Logger Size to be 3600 samples and the interval to be 50s.

‘l Dataloggerl

=1

1.0000 | | |

=
@
2
8
]

Enable——————————
¥ Time Asxis
¥ Walue Axes

A strip Chart Configuration - Dataloggerl

Eackaroun Giric
Cotour | Cotour IR
¥ Visible ¥ Visible

Colou IR

¥ Visible

¥ Fealtime Yalus Bar
06000 {—

04000

Y =1 3|

Logger Set-Up - Dal [l

gL Size | # Samples

Outlet - Camp Male Frac (Toluene

0.2000

0.0000

-2000 -1200 1600

1200

-1000 -200.0 -800.0 -400.0 -200.0 0.000

Seconds

Now, go back to the workbook and set the

Molar Flow rate of Input A to be 2.389kgmol/h

and the Molar Flow of the Outlet to be 4.645kgmol/h. This should make the mass flow rates

200kg/h and 400kg/h respectively. This is a good time to save your file again.
= Workbook -Case(Main)

ProductBlock Dutlet
-100

[¥ Harizontal Matriz

Now click on the Integrator Active button (

% Workbook - Case {Main} -0 x|
Manne Input A Input B empty Clutlet = Mew =
‘' apour Fraction 0.0000 0.0000 0.0000 0.0000
T emperature [C] 25,00 25,00 24 96 24 96
Pressure [kPa] 101.0 101.0
tolar Flow [karnale/t 2389 2.256 0.0000 [ ST
Maszs Flow [kgh] 2000 200.0 0.0000 - 400.0
Std Ideal Lig Yol Flow [m3/h] 0.2281 02292 0.0000 0.4572
Heat Flow [kl k] 8.445e+004 5.042e+004 0.0000 1.349+005
Malar Enthalpy [kJ kgmale] 3.535e+004 2.234e+004 2.903e+004 2.903e+004
Comp Mola Frac [Taluene] 0.4000 0.7500 0.5700 0.5700
Comp Mole Frac [Benzene] 0.E000 10,2500 0.4300 0.4200
. —1
Streams I Unit Ops |
Fluid Pkg I All - I

[ Include Sub-Flowshests
[0 Show Name Only

Murnber of Hidden Objects: 0O

ZF

) and choose 100% Liquid. Let the integrator

run for a couple of seconds (but no more, otherwise the amount of data becomes huge) until
the Comp Mole Fraction (Toluene) line levels off and then stop it with the integrator holding

Al Datalogger1 o ] 4

0.7000
—. 06300
o
=
o
=
=
=
§ 05600 —
I
)
=
=
=3
£ 04900
=
=]
o
=
=
O pazoo

o

0.0000 500.0 1000 1500 2000 2500 2000 5
Seconds 9
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Export the data to an excel compatible format by clicking on the Historical button of the
Databook and choosing the .csv format (which can be opened by excel):

S-S
—aAyailable Strip Chart = Individual Strip Chart D ata Selection
Jatal o =
SR i s Logger Mame IDataLoggeﬂ Sample Int. |20.00
L Hiztorical... 1 Object [ Y ariable | Active
R I ooe | [ O P L R —
S| =T
Add | [SBTC:::dS] et - Comp kMole Frac [T olu Dorgenets 'é.'[k;j.:]SS Bl ﬂ
Dielete 0.500000 0436301 200013
50.5000 0.505498 200013
Setup... 100.500 0.51320E2 200.013
150.500 0.5159709 200013
Setup Al | 200.500 0.525533 200013
ol | 250.500 0.530637 200013
=ar 300,500 0535107 200013 | «|
I'Z E.Sjegdi”? DF:de’< Save To.CSY File... I )  Save To DMP File.. |
“ariables I Frocess Data T ables of Al e

Excel

Open up Excel and open up the .csv file
you just created. It should look a bit like
the image below, with a plot of the comp

DataLoggerl Tue Apr 09 15:37:15
2013 23600 142 0.5 ----- Outlet -

mole fraction opposite. Comp Mole Frac (Toluene) []
ffﬁg-s\ H9- M
fﬁ Home | Insert  Pagelayout  Formulas  Data 0.57
B Calibri -lu -a &=
B = 0.56 -
Faste F Format Painter ||| B 4 O 7|/ 7| (S| [=
Clipboard = Font ) 0.55 -
[ P3 - &
A B c D E 0.54 -
1 StripChart Dataloggerl
2 Date: Tue Apr 09 15:37:15 2013
] 0.53 %
4 Numbero 2 ’
5 |Max Numl| 3600 O 52
6 |Number o 142 '
7 Time Inter 0.5 to 7050.5

8 0.51 I
?
)

10 Time Qutlet - Comp Mo Input A - Mass Flow 05

11 |[seconds] [] [ke/h]

12 0.5 0.496901 200.013

13 50.3 0.505498 200.013 0 .49 T T T T 1

14 100.5 0.513068 200.013

15 150.5 0.519709 200.013 0 2000 4000 6000 8000
16 200.5 0.525533  200.013

17 250.5 0.530637 200.013

Note that the Time column begins at 0.5s. This is important. If you have a time offset in your
excel data you will need to recalibrate this by subtracting the ~initial time from all the values
in the Time column.

Mathematical Analysis
The Comp Mole Fraction curve, we'll call it x(t), should follow an equation like:

1 _
X(t) =E[0(— Ke Zt]
Where B is the outlet mass flow (=400kg/h), a is the total inlet mass flow of toluene
(=200*0.4+200%0.75=230kg/h), and A = B/[(volume of tank)*density]. K is a constant of

integration that we can estimate from the value of x(0) =0.5.

We are going to fit our data in excel to this curve to get values for a, B, and the density p.
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On our excel sheet, create a little table of values that we will use to fit our data to the formula
above. Give these values names so we can use them more easily in the formula. This is
shown below, click on the cell that contains the value for alpha (e.g. the cell E2 below which
has the value 230 in it rather than D2 which has the name alpha in it), and type in alpha into
the Name Box. Do likewise for beta, density, and constant.

-"E.'-a\“ H - v 09 Mixing Dynamics.csv
u
Home  Insert Page Layout Formulas Data Review  View Developer  Adddns
L 0 o L L’ %] connections | ‘E ]7  Clear =
- ] - 3
_{f:" —' —J —U —U gl 3 Properties Zl Zla ‘f,PEappI. EE
From From From From Other Existing || Refresh ii Sort Filter 7 ' Texl
Access Web  Text Sources+ | Connections || All= =2 Edit Links 7 Advanced | Coly
Get External Data Connedions Sort & Filter
| ( alpha ) - J ‘ 230
= 3 c D E F G
1 |StripChart DataLoggerl
2 |Date: Tue Apr 09 15:37:15 2013 alpha 230
3 beta 400)
4 |Numbero 2 density 900]
5 |Max Numl 3600 constant 30)
8 |Numbero 142
7 |Time Intel 0.5 to 7050.5
8

We are now going to create a new column in our excel sheet for the predicted value of x(t)
and fill it out with values based on our equation. Do this as shown below. Note, the 0.05
refers to the tank volume and the 3600 is to convert from hours to seconds.

ﬁﬁ\ H wy - = 09 Mixing Dynamics.csv - Microsoft BEx
Home Insert Page Layout Formulas Data Review Wiews Developer Add-Ins
5 = o 53] Connections - & Clear = ]
*[% 7; 7J =1 =1 @ jl Properties %J( E ]T & Reapply Q g-‘
From From From From Other Existinrg || Refresh . » il Sort Filter Y ) Text to Remove
Access Web  Text Sources~ | Connections Al dit Links oF Advanced || Columns Duplicate
Get External Data /cm.:tions Sort&FiIter\
D12 - f=((=1/beta*(alpha-constant*ExP(-(beta/2600%A12)/(0.05*density)}} )
A B C —l__0D E F Gt 1
1 StripChart DataLoggerl
2 Date: Tue Apr09 15:37:15 2013 alpha 230
3 beta 400
4 |Number o 2 density 900
5 |Max Numil 3600 constant 30
6 |Mumber o 142
7 | Time Intel 0.5 to T050.5
8
= O
10 | Time Outlet - Comp Mo Input & - Mass Flow Predicted x(t}
11 |[seconds] [] [kg/h]
12 0.5 0.496901 2DD.DIBI D.SDDDBS!
13 50.5 0.505498 200.013
14 nn.s MN.513068 2000013

Having done this for one cell, you can copy this formula for every subsequent cell (i.e. Fill,
Down). The fastest way to do this is to left click the bottom right corner of the first cell, drag
down over the column, and then chose copy cell. See the diagrams below for before and
after.

35



PROCESS CONTROL - 09 MIXING DYNAMICS

7 Time Intel 05 to 70505

8

) I """ S oo A T P Frediaa
10 Time  Outlet- Comp Mo Inut A- Mass Flow Predicted uft) e e
11 [seconds] [] kg/]
L0504 ot osuonsg] 2
3 508 0505438 00013 e =
405 0508 0013 el
5 1505 0519709 200013 Left click
5 205 055532 200013 here 55 e e
B 3005 0535107 200,013

Now we have the predicted composition for all values of time. We can take the difference
between the actual and predicted values and calculate the square of the difference.

A =] L [ =) [ =3 r L=
1 |StripChart DatalLoggerl
2 |Date: Tue Apr 09 15:37:15 2013 alpha 230
] beta 400
4 Mumber o 2 density 900
5 |Max Numl 3600 constamt 30
6 |Number o 142
7 |Time Intel 0.5 to FO50.5
3
9 | —— ———_-— e
10 [Time Outlet - Comp Mo Input & - Mass Flow Predicted x(t) iV
11 [seconds] [] [kg/h]
12 0.5 0.496901] 200.013] 0.500092535|=(B12-D12)~32] |
13 50.5 0.505498 200.013 0508792301
14 100.5 0.513068 200.013 0.516481674
15 150.5 0.5319709 200.013 0.522273002
16 200.5 0.525533 200.013 0.529285004
17 250.5 0.520637 200.013 0.534594351
18 300.5 0.535107 200.013 0.53928707

Again, we fill down the entire column, and then we take the sum of all the values in the
column using, for example, AutoSum.

‘/ﬁé\, (= R s 08 Mixing Dynamics.csv - Microsoft Excel -2Xx
fy Home | Inset  Pagelayout  Formulas Data  Review  View  Developer  Add-Ins @ - = x
3 ii:tw Calibri -ln -lA K| [F= | | Siwrap Text General - iji' ﬁ;& _L:Ei jED :lf\ ;—‘ l?a
Pa_ste F Format Painter (B r u-|@-|&- A= 2= [ Mmerge & center -+ |[E3 - o » |58 %) Fcaor?nda\tt;;r:\' a:g;rg‘aet_ sncrleel;_ IM_M Del_ete For:ﬂat e éi?tr:raf SF;T::t&'

Clipboard & Font & Alignment & Number e} Styles Cells Editing
[ E12 - Je | =(B12-D12)"2
A B c D E F G H 1 ) K L M N o [ al

142 65005 0.566192 200013 0574999992  7.75807E-05

143 65505 0.566192 200013 0.574999993|  7.73807E-05

144 6600.5 0.566192 200013 0.574999994]  7.75808E-05

145 6650.5 0.566192 200013 0.574999394]  7.75308E-05

146 67005 0.566192 200013 0.574999995|  7.75808E-05 This gives

147 6750.5 0.566192 200013 0.574999996]  7.75808E-05

48 62005 0.566192 200013 0.574999996]  7.75308E-05 the total for

143 6850.5 0.566192 200013 0.574999997]  7.75808E-05

150 6900.5 0.566192 200013 0.574999997]  7.75808E-05 all the

151 6950.5 0.566192 200013 0.574999997|  7.75308E-05 .

152 7000.5 0.566192 200013 0.574999908|  7.7s808E-05 / values in the

153 7050.5 0.566192 200013 0.574999998 >

154 [ o.oosmssab Ax? column

155

Now for the analysis. Launch Solver from the Data menu (you might need to install solver
from excel add-ons. If so, consult http://office.microsoft.com/en-us/excel-help/load-the-
solver-add-in-HP010021570.aspx):
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57 = 0= B @

- e Filter X Remove  Data  Consolidate Whatdf || Group Ungroup Subtotal —
P e s e i 0 aavanced || Cotumns Duplicates Validation - anagsmll| o z
Get External Das Connections Sort & Filter Data Tools Outline | Analysis
[ E12 - fe | =(B12-D12)~2
A ) c D 3 5 G H f 3 3 L ™M N o e a

142 6500.5 0.566192 200013 0.574999992|  7.75807E-05

133 6550.5 0.566192 200.013  0.574999993| 7.75807E-05

144 6600.5 0.566192 200013 0.574999994|  7.75808E-05

135 6650.5 0.566192 200.013  0.57499999a| 7.75808E-05

146 6700.5 0.566192 200.013  0.574999995|  7.75808E-05

147 67505 0.566192 200013 0.574999996| 7.75808E-05

148 6800.5 0.566192 200.013  0.574999996|  7.75808E-05

143 6850.5 0.566192 200013 0.574999997| 7.75808E-05

150 6900.5 0.566192 200.013  0.574999997| 7.75808E-05

151 6950.5 0.566192 200.013  0.574999997|  7.75808E-05

152|  7000.5 0.566192 200.013  0.57499999s| 7.75808E-05

153 7050.5 0.566192 200013 0.574999998|  7.75808E-05

154 0.009703863

155

This is the cell address
of the autosum total

j " yalue of: IU

2  Max
By Changing Cells:

< |$E32:9E95 )

When you are
Click Min | &= ready, click solve
/—Sgbject ta the Constraints: Option: I

Choose the cell = e
addresses of alpha, _Grenge| reset Al |
beta, density, and o| bk | wob |

constant

When this is done, choose to keep Solver solution and click OK.
Now plot a graph in Excel of the new predicted values for Ax? and the UniSim values. It
should look something like:

:37:15 2013 alpha 233.59

beta 412.44
es = density 892.68
ints = constant RS.TD

15. Report

E o83 —t— Olitlet MoleFrac (Tolueng)

§ 052 ! 4= Predictedocfs

g 051 f;

0s “ i
Time (s)
Your report will consist of:

A screenshot of your PFD (1 marks)
A screenshot of the workbook (1 marks)
A screenshot of the strip chart from UniSim (2 marks)
A screensot of the fitted parameters alpha, beta, density, and constant from
the excel workbook. (3 marks)
A screenshot of the fitted curve from excel (3 marks)

And you’ll get extra marks if you can justify the equation

x(t) = %[a — Ke ]

(we’ll talk about this equation in class)
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