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Before studying this case, it is recommended to consult “Getting Started with Simulis Thermodynamic: Case #1” that
explains how to insert a Simulis object in MS-Excel, to select a component and to define a thermodynamic system.
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Experimental data
Reference F. Mato ef al., An. Quim. Ser. A, 1984 Vol. 80, p. 338
[P 3 760 [mmHg ‘
T Liquid phase fraction (x) ] 'Vapor phase fraction (y)

Je _ETHYL ACETATE | ETHANOL | ETHYL ACETATE ETHANOL
( 78.30 0.0000 1.0000 0.0000 1.0000
78.30 0.0130 0.9870 0.0300 0.9700
78.00 0.0220 0.9780 0.0500 0.9500
77.80 0.0300 0.9700 0.0660 0.9340
76.70 0.0710 0.9290 0.1340 08660
76.10 0.0950 0.9050 0.1760 0.8240
76 00 00970 09030 0.1750 0 5250
75.20 0.1350 0.8650 0.2300 0.7700
7510 0.1360 0.8640 0.2320 07630
T rangein 74 40 0.1500 0.8500 0.2490 0.7510
: 73.40 0.2570 0.7430 0.3510 0.6490
which the 72.10 0.3310 0.6690 04100 05900
estimated 72.80 0.3320 0.6680 0.4040 05960
72.60 0.3600 0.6400 0.4220 0.5780
BIPs can 72.20 0.4620 0.5380 0.4950 0.5050
be used 72.10 0.5450 0.4550 0.5450 0.4550
72.20 0.6280 0.3720 0.5920 0.4080
72.40 0.6810 0.3190 0.6350 0.3650
72.70 0.7740 0.2260 0.6810 03190
73.40 0.8270 0.1730 0.7280 0.2720
73.60 0.8320 0.1680 0.7630 0.2370
74 40 08900 0.1100 05330 01620
74 60 0.9170 0.0830 0.8650 0.1350
7530 0.9360 0.0640 0.9000 0.1000
K 7710 1.0000 0.0000 1.0000 0.0000

The data set can be either at constant
temperature (isotherm) or constant
pressure (isobar). Here we are at
constant pressure, however the
temperature varies only by 1,20

which is hardly sufficient to estimate
the temperature dependent
parameters. It is possible but it is
highly recommended to re-run the
estimation with additional sets of data.

C
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FILE HOME INSERT PAGE LAYOUT FORMULAS

Simulis =
E Simulis System

Simulis Cermpound

Insert= Duplicate ~ Move = Rename~ Delete ~ Edit~

EthylAcetate_Ethanol data2 [Compatibility Mode] - Excel

DATA REVIEW WVIEW ADD-INS

Menu Commands Simulis Compounds Ibars
B2 - E Simulis Calculater
. Simulic Calculators FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ADD-INS
1 : = ' = Simulis~  Insert~ Duplicate~ Move ~ Rename~ Delete = Edit~
2
3
4
5 Menu Commands Custom Toolbars
5
7 B2 ¥ 2
8 A B c D E F G -
1
2 | ’. Simulis Calculator
SimulisCalculatorl
3 <> ’Thermu:lynamic calculator editar
Z CALCULATOR This window helps you to define the context of yaur thermodynamic calculatar
7 FILE
7 = MODEL | PARAMETERS
] ﬂ Open.., T

Refer to “ Getting Started with
Simulis Thermodynamic —
Use case 1” for details on
these operations.

|E Save as...

PACKAGE

SERVICES

o Bl b

| ke E

MODIFICATIONS

CONFIGURATION

Name

Comments

Calculator type

M Show the expert mode

COMPOUNDS

FILE

ﬁ! Open..,

PACKAGE

EDIT
&3 select compounds...

8

| Add a new compound
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@ Thermodynamic calculator editor

CALCULATOR

FILE

ﬂ Open...
E Save as..,

PACKAGE

SERVICES

MODIFICATIONS

CONFIGURATION

Name

Comments

Calculator type

Mative

M Show the expert mode

Select the components: Ethyl-Acetate and Ethanol

This window helps you to define the contest of your thermodynamic calculator

POUNDS jitiielaiaR | PARAMETERS

FILE

[E=E=]

COMPOUNDS

ﬂ! Open..,
b

PACKAGE

EDTT —

Refer to “ Getting Started with
Simulis Thermodynamic —
Use case 1" for details on
these operations.

COMPOUNDS

CRITERIA
ﬂ. Search

€ Name or synonym

& Exact name

@ CAS registry number

@ Chemical formula

@ SpecificlD

@ Advanced
OFTIONS

SEARCH IN

[ All servers

E |— Simulis® Compounds Files

I Common files
~ T standard 2007
Standard 2009
Standard 2011
Standard 2013
H Standard
7 Userfiles

Mame: ETHANOL

Specific [D: (379F351F-SED14975-ACEC-EACISELACECS)

CAS registry number: 64-17-5

Location: Standard {Simulis® Compounds Files,Commaon files)

Search results I Favorites I Histon_,ri

5l ounds:
-lf Name N
‘=

K]l

ETHYL ACETATE
ETHANOL

1 item(s] selected

Close
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Select the thermodynamic model: NRTL

” "F'Eafmmiynamic ca‘fctilato: editor

CALCULATOR

This window helps you i

aos the context of your thermodynamic calculator

=3 e 5

FALE —7———7———— |
MODEL | PRRAMETERS
ﬂ Open... -

COMPOUNDS

|E Save as...

Calculate
Export as a PSF file

Diagrams

Export as a PVT file

Stream..,
MODIFICATIONS
CONFIGURATION

Name

Comments

Calculator type

M Show the expert mode

e Thermodynamic calculator editor

Note that the "Binaries" tab

appears only when a
thermodynamic model that

requires BIPs is selected.

CALCULATOR

This window helps you to define the context of your thermodynamic calculator

H;;m— COMPOUNDS BINARIES | PARAMETERS
L. e Name R |
Category Al the profiles -]
Profile [nRTL -
Approach type [From activity coefficients ~| |:|
Equation of state [perrect gas -] |:|
- o e ] @
9 [t define -1 (=
Activity coefficient model [nRTL -
Pure liquid fugacity standard state |Vapor pressure -] D
Liquid molar valume [1deal mixture -] [=@
Transport properties |Classic methods ~ | [@][@]
Enthalpy calculation [H*=0, ideal gas, 25°C, 1 atm -] D
User-defined thermodynamic model [None -] @
Model index

Comments :

culator type

M Show the expert mode

THERMODYNAMIC MODEL

GURATION

#2d Thermodynamic assistant

The liguid phase splitting is taken into
account
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Simulis Calculator

EbLa Edit the Calculator...

Edit the output unit system...

About...

Edit the input unit system...

*$ )

Right-click on the Calculator and select
"Edit the input unit system...".

’ Unit system
APPLICATION UNIT SYSTEM

PREDEFINED SYSTEMS

Choose a predefined unit system in this list and
click "Apply system” to use theses units in your
application.

150

ProSim

Eritish

Application default

TOOLS
B copyto the dipboard

I

M Save as user default

Use this window to modify the unit system used by your

application,

Quantity A Unit
Malar density mal/m3
Malar enthalpy, LHY ar HHY Jimal
Malar entropy, Cp or Cv Jimol/K
Malar flow rate kmal/s
Molar mass ka/mal
Malar valume m3/kmal
Percentage %
Power 1s
Pressure Pa -

Pressure drop
Quadripole moment
Resistivity
Revolution speed
Surface tension
Temperature
Temperature drop

Thermal conductivity

ha&'e

kPa

Pa -~
atm
bar

-

IPa
F

K
Wm/K

Ok | | Cancel

The unit system window opens. Scroll
downto find " Pressure ", then select
"Pa" and change itto” mmHg".
Repeat the operation for the
temperature, then press " OK".
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Simulis Calculator
SimulizCalculator

If no change is made,
the output results of
the calculation will be
provided in the default
unit system.

Edit the Calculator...

Edit the input unit systerm...
Edit the cutput unit system...
About...

Right click on the Calculator and select
"Edit the output unit system...".

’ Unit system
APPLICATION UNIT SYSTEM

PREDEFINED SYSTEMS

Choose a predefined unit system in this list and
click "Apply system” to use theses units in your
application.

Application default

TooLs
ﬁ Copy to the clipboard

IS

M Save as user default

Use this window to modify the unit system used by your

application.

Quantity

A

Unit

Malar density mal/m3

Malar enthalpy, LHYV ar HHY J/mal

Malar entropy, Cp or Cv Jimol/K

Malar flow rate kmal/s

Malar mass ka/mal

Malar volume m3/kmal

Percentage %

Paower 1fs

Pressure f——

Pressure drop
Cuadripole moment
Resistivity
Revalution speed
Surface tension
Temperature
Temperature drop
Thermal conductivity

The unit system window opens. Scroll
down to find " Pressure ", then select

"Pa" and change itto" mmHg".

Repeat

the

operation

temperature, then press "

for
OK™.

the
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Compounds <4

Binary interaction parameters

1

2

Cjio___J aij

ETHYL ACETATE |ETHANOL

0 [ ¢ 0.2

Experimental data

Reference F. Mato ef al. . An. Quim. Ser. A, 1984, Vol. 80, p. 338
P 760[mmHg
T Liquid phase fraction (x) Vapor phase fraction [y)
°C ETHYL ACETATE ETHANOQL ETHYL ACETATE ETHANOL
78.30 0.0000 0.0000 1.0000
78.30 0.0130 0.0300 0.9700
78.00 0.0220 0.0500 0.9500
77.80 0.0300 0.0660 0.9340
76.70 0.0710 0.1340 0.8660
76.10 0.0950 0.1760 0.8240
76.00 0.0970 0.1750 0.8250
75.20 0.1350 0.2300 0.7700
75.10 0.1360 0.2320 0.7680
T4 40 01400 02440 07510

12 1&" 1 &" 1&"$
4 5

$

1 and 2 correspond to the
respective positions of the
components in the calculator.

All parameters are set to 0
except &;° which is generally
set to 0.2 for liquid-vapor
equilibrium (current case)
and 0.3 for liquid phase
splitting.
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ETHYL ACETATE

S

L 1 N 0
Calculated value
Liquid phase fraction (x) Vapor phase fraction (y) Equilibrium constant (Ki)

ETHYL ACETATE| ETHANOL

ETHYL ACETATE ETHANOL
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Calculated value
T Liguid phase fraction (x) Vapor phase fraction (y) Equilibrium constant (Ki)
°C ETHYL ACETATE ETHANOL ETHYL ACETATE ETHANOL ETHYL ACETATE ETHANOL
J@
| J K L M N 0
sters Insert Function
i I cgr I Search for a function:
Type a brief description of what you want to do and then
click Go
Or select a category: | Most Recently Used B
C tibility -
Select a function: ‘A?Ergpa e
: Simulis System
AVERAGE Simulis Compound constants
F Simulis Compound
T HYPERLIMK Simulis Compounds Equilibrium constant (Ki}
R [E| |count Al \@IFiD ILACETATE]  ETHANOL

[ |

MAX Simulis Calculatar (Derivatives)
SIM Simulis Calculatar (Energy}

Simulis Calculataor {Exergy)

SUM(numberL,numb <;p is Calculator (5LY)

Adds all the numberd Simulis Calculators

Help on this function [ oK

' Insert the Simulis calculator function:
1.

Select one complete line and click on the MS-Excel
insert function button

In the " Insert function " window category list, select
Simulis Calculator

In the list of function, select * stCALFlashWPKij "
which calculates the temperatures, liquid and
vapor phase fractions and equilibrium constants
with respect to pressure and vapor ratio.

Insert Functicn

Search for a function:

click Go

Select a function:

Type a brief description of what you want to do and then

Or select a category: | Simulis Calculator Izl

4. Set the function arguments

stCALFlashUTKIj
stCALFlashUY
stCALFlashUVE
stCALFlashWP

stCALFlashWT
stCALFlashWTEKj

. (see next page)

Help on this fundion

stCALFlashWPKij{ObjectMame, Pressure, VapRatio, Composition,...)
Liquid-vapor flash at given vaporization ratio and pressure fwith Kijj.

K ] [ Cancel

© 2014 ProSim S.A. All rights reserved.



Function Arguments

stCALFlashWPKij

. Enter the name of the calculator in use.

Select the cell in which the pressure is defined. Insert

OhjectMame | “SimulisCalculatorl’ i
Pressure | sDS1E R 50 |E|
VapRatio |0 e = 0

Composition |D21:E21 | 3

CompositionType |0 =3

Liquid-vapor flash at given vaporization ratio and pressure [with Kijj.

CompositionType Mixture composition type {0 = molar,1 =m

Farmula result = 7331

the "$" sign to keep the selection constant when
expanding the function through the table.

| Vapor ratio is set to 0 as we will vary the liquid
composition (next cell).

~ Select the cells in which the liquid composition is
defined.

Help on this function QK

( Function Arguments
stCALFlashWPKij
Init
InitTemperature
InitliquidFractions
InitVaporFractions

| [0 (T [T [En

ResultType g

Liquid-vapor flash at given vaporization ratio and pressure fwith Kijj.

ResultType Result type [0 = malar, 1 = mass), €—

Set the composition type as the composition is molar.

, Scroll down to get other arguments of the function...

. There is no initialization therefore "Init" fields remain
blank

Farmula result =

Help on this function oK ][ Cancel ]

Results type is set to 0 as we have molar experimental
data

Scroll down to get other arguments of the function
(see next page)...
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1_I.‘.mnnunih Binary interaction parameters
1 2 ] Cii0 Cii0 aiid Ciil Ciil aiil
ETHYL ACETATE [ETHA 0 0 0,2 0 0 0
Function Argurments @
stCALFlashWPKij
ResultType |0 =0 -
bEinari B = leg— i i
nbBinaries |1 E| - 14 Set the Binaries number to 1 as we calculate only one
cmpdindexesl | SCs9 E = .
cmpdIndexes? | SDS9 E = blnary
coefValues | SES10:5)510 B =

Liquid-vapar flash at given vaporization ratio and pressure {with Kij).

Formula result = 73.31

Help on this function

coefValues “Values of the binary coefficients.

~ second component (1 and 2). Insert the
keep the selection constant.

"$" sign to keep the selection constant.

These fields define the position of the first and the

$" sign to

This field defines the cells in which the coefficients
will be shown. Select the BIP value fields. Insert the

When completed, press " CRTL + SHIFT + ENTER" to insert the functions in all the line cells.
If you press " OK", only the first cell will be configured correctly.
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Select the first line and expand
vertically through the table (or
copy-paste in other lines)

© 2014 ProSim S.A. All rights reserved.



Create a third table which will show the difference between the experimental data
and the calculated data of temperature and vapor fr  action for each component.

The function is:
absolute value of ( experimental value — calculated value ) / experimental value

«—— Y, is the vapor fraction of Ethyl Acetate, y, is the vapor fraction of
Ethanol.

In each cell, enter the formula defined above. For the first c ell, it will be
"=ABS(F21-L21)/F21". F21 and L21 define respectively the cells with
experimental and calculated values for one temperature (se e purple
arrows below). Insert corresponding functions for y, and y, (see red
arrows below).

—= == ——

—= == =y
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The calculation will use of the Excel solver to det  ermine the parameters which
will minimize the global deviation criterion. This c riterion is defined as the sum of

the square of the deviation values.

Enter the formula below the deviation table:
"=sum.square (T21:vV45)" .

T21:V45 represents the table cells and will vary according t o the design
of your spreadsheet.

Press " Enter" to obtain the value: 3.129135581

© 2014 ProSim S.A. All rights reserved.



Open the solver and minimize the criterion.

To open the solver window, select " Tools /
Solver” in the MS Excel menu. (If not
activated, select " Additional add-in " and
check the solver option.

The target cell is the one to be minimized, (the
global criterion cell).

Select the Minimization action.

The variable cells are the BIPs cells. Select

only C;° and C;° because a,° has to remain at
0.2 and the temperature range corresponding
to the experimental data is not wide enough to
have a good estimation of C T, C;" and a;'

Then press " Solve™

© 2014 ProSim S.A. All rights reserved.



BIPs are calculated. The new global criterion is O,

To verify the consistency of your estimation, plot
fractions for each components (x1-yl and x2-y2) and
curve with the experimental curve.

035.

the curves liquid / vapor
compare the calculated

© 2014 ProSim S.A. All rights reserved.



Ethyl Acetate

Ethanol
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