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Objective

Highlight aspects of interoperability of software
tools through the application of Computer-Aided
Modelling tools (for generation and wuse of

Modelling Objects) in CAPE-OPEN compliant
process simulators

more specifically, uses of CO- interfaces for
thermo-models and  unit operations are
demonstrated
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Computer Aided Process Engineering Tools

1. MoT i

2. ProSim e
—  Simulis thermodynamics ProSim
—  CO-wrapper
—  ProSimPlus
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1. MoT

Computer Aided Process Engineering Tools

8 MoT
ﬁ File Edit View Window Help )
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|/

=13 Model Definition
H - iew Original Model
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iew Translated Model
- Import Madel

Create Model

Modify Mode!

Model Vi anable Analysis
- Classify Variables

Relate dv/dt o7
- Equation Ordering

Set Wariable Value
=l Advanced Options
| Design Yanables

L Constiaint Variables
0bj. Yalue and Paring
- Define Relationships
Equation Trace Back
Testbed Environment
Define Compounds
H - Define Stream Composzition

[=}-[[3 DataSets
- Experimental Meassureme

| | 3

Theta = MWMix*LambdaMix/ (rhoMix*CpMix)

kK[i] = Act[i] *Pvap([i]/sgrt(2.0%PI*Rg*MW[i] *Ts)
ktot = sum_i(x[1] *k[1i])

#Dhiscretised Temperature eguation (PDE) to ODEs
shoundary condition at ¥ = 0O

dr_0 = 0.0

; internal discretisation points

dT 1 = [Thets/Vz 1]7(T_2 - 2.0%T_1 + T 0i/Dy/Dy
dT_2z = (Theta/Vz_2)*(T_3 - 2.0°T_2 + T_1)/Dy/Dy
dT_3 = (Theta/Vez _3)*(T_4 - 2.0°T_3 + T _2)/Dy/Dy
d4T 4 = [Theta/Vz 4]7(T 5 - 2.0°T 4 + T 31/Dy/Dy
dT_5 = (Theta/Vz 5)*(T_6 - 2.0%T_5 + T _4)/Dy/Dy
dT 6 = [Theta/Vz 6]7(T 7 - 2.0%T_6 + T 5i/Dy/Dy
dT_7 = (Theta/Vz_7)%(T_8 - 2.0°T_7 + T_6)/Dy/Dy
dT_8 = (Theta/Vz_8)*(T_9 - 2.0°T_8 + T_7)/Dy/Dy
4T 9 = [Thets/Vz 9]+ (T_10 - 2.0°T 9 + T 8)/Dy/Dy

sboundary condition at ¥ = 1
0 =T10 - T 9 + Dy*DHvapMix*ktot/Larbdalix

#Flowrate in
dFlow[i] =
Flow L[i] =
dFlow V[i] =

T out=(T_1 +

T R ven B Sol B S (Ci - 0.0

the liquid and wvapour phase
- 2.0*PI*ri1*k[i]*x[i]* EREF
Flow[1i]

2.0*PI*rl1*k[i] *x[i] * EREF

T2+T3+T4+T5+T6+T7+T5+T9+ T 10)/10

(molis)
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Lebe | |

Ready

] l f>’1 B J\ Status f\ Warizhle Wiew }\ Local Variable \iew f, “anable Chart Trace
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1. MoT

Computer Aided Process Engineering Tools

ﬁ Model Testbed [D:\PhD\Aiche\Mauricio\Mo TCOM_Fortran\SoeurceCode\MOTCOM_SPEWapour and liquid\ShortPathEvaporator_BM.mot]*

D File Edit Yiew ‘Window Help

e
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N ?ﬂDeﬁ... . B sl _'QSen.

Maodel Definition

Wiews Driginal Model
Yiew Translated Model
Impart Maodel

Create Model

b odify Model
todel™/ ariable Analpsiz
Classify W ariables
Relate dv/dttoy

E quation Ordering
Set Variable Value
Advanced Options

Design Wariables
Constraint Variables
Obj. Yalue and Paring
Define Relationships
Equation Trace Back
Testhed Erviranment
Define Compounds
Defing Stream Compositiol
Data Sets

I [ [ [ [T

Experimental Meassureme

(oo

o

- [ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ] | =

r1 = diameter/2.0

Ah = PI*diameter*L

Ak = PI*{diameter - Z.0*dy*L

Ts=T_10

Pvap[i] = exp(PYAPA[] + P¥APB[i]/Ts + PYAPC[iJ*In(Ts) + PYAPD[i]*Ts"2)

DHvap[i] = (H¥APA[i]*(1.0 - (Ts/Tc[i]))"~(H¥APB[i] + HYAPC[iJ*(Ts/Tc[i]) + H¥APD[i]*(Ts/Tc[i])"2)) /1.0E+6

cplil =({CPA[i] + CPBLi]*Ts + CPC[i]*Ts~2 + CPD[i]*Ts~3 + CPE[i]*Ts"4) / L.OE+3
tho[i] = (RHOA[]/RHOBL[]"~(1.0 + ( 1.0 - Ts/RHOC[i]}"* RHOD[i]))*MW[i]*1000.0

Etafi] = exp(¥ISCOA[i]+ YISCOB[i]/Ts + YISCOC[i]*In{Ts) + YISCOD[i]*Ts" YISCOE[i])
Lambda[i] = THERMALA[i] + THERMALB[i]*Ts + THERMALC[i]*Ts" 2+ THERMALD[i]*Ts"3
nu[i] = Eta[i]/rho[i]

0[i1 =Flow[iI*MW[i]/rholi]

Qtot =sum_i{Q[i1}

Clil =Flow[i]l/Qtot

Ctot = sum_i{C[iT)

FlowTot = sum_i{Flow[i]}

Flow¥T = sum_i(Flow_¥[i])

®lil =Flow[il/FlowTot

¥[il =Flow_¥[il/Flow¥T

rhoMix = sum_i(x[iF*rho[il}
LambdaMix = sum_i{x[i]*Lambda[i])

CpMix = sum_i{=[i]*Cp[i])
MWMix = sum_i{x[iT*MW[i])
EtaMin = sum_i{x[i]*Eta[i]}

DHvapMix = sum_i{x[i]*DHwvap[i])

nuMix = EtaMix/rhoMix

Flux0 = Z.0E0*PT*r1*Gamma*rhoMix,/ (3.6E05*MWMix)
beta =d/4.0

F =ak/(ak + Ah)

kappa = 10.0-(0.2*F + 1.38%(F + 0.1)-4.0)

EREF = 1.0 - (1.0 - FY*{1.0 - exp {- d / kappas/beta)}"nmc
EREF = EREF*(P/Pref)

h1 = (3.0*nuMix*FlowTot,/{Z.0%PI*r1*g*Ctot))~(1.0,/3.0)
by =h1

~

Lk

(Model Information Retrived
|Model Testbed ver. 0.7

Ready
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Computer Aided Process Engineering Tools

1. MoT
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1. MoT
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@ Model Testbed [D:\PhD\Aiche\Mauricio\MoTCOM_Fortran\s Code\MOTCOM_SPEWap d liquid\ShortPathEvaporator_BM.mot]* X
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= enton-Powel
Modify Model = T_10 Residual_»
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';; (] DataSets dFlow_1 a
T dFiow_Y_D 1
Experimental M Hriow V1 A
110 293
il 0015
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1. MoT

W Model Testh icio\MoTCOJ n\SourceCode\MOTCOM_SPEWapour 2 m = x|
E.

Algebraic S olver-

I Done CAPEC Dynamic Plot COM Result

Dt Sl [Flow o Flow 1| Flowvo| Fonvi| x0 |1 |40 | w1 |H Ve 10| T_ou
Steps T
1 . Save Points
: Dplimizer-- : L i Combined Plot J Save Points Mow I [ e
Idle
0.02795998 = ]
r—
Pause Stap I 0.0279334 ]
e R A B 0.0279583 =~
- B Relediidtio 0.0279954
fo Equation Ordering 0.0279579
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[=] 3 Advanced Options 0.0279959
H Desigh Variables .
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fo Diefine Relationships 0.0279954
H = Equation Trace Back 0.0279349
—| ([ Testbed Ervionment 0.0279344
Ea . 0 0004 0.01 0014 002 0024 003 0034 0.04
Define Compounds
H Diefing Strearm Compasition Unknawmn Asis
[=] 3 DataSets
e Experimental Meassureme 2 L0 DEblow OFlowT ot
28 (] #_1=Floww _1iFlowTaot
29 (] y_0=Flovw __OiF o T
30 (] w_1=Floww % _1iFlow ¥ T
4 | vl 3 [ thoMix=((x_0'rha_M+(x_1%tha_1))
= 32 [ Lambdabic=((x_0*Lambds_DJ+(x_1* ambda_17)
i _?‘:"D’“'" __:”S”'“ _-_:]SE" | = I CMix=tix_0*Cp_Ny+(x_1°Cp1)) [v]
%‘J Model Information Retrived B
“Model Testbed ver. 0.7
L (Y T N T N T el o
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ESteady State Unit., In DynSim, this is considered a line mixer
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Algebraic Solver—
l Done 5%

Dynamic Solver

1 Optimizer
Idle
Pause I Stop Details >>
Relate dv'/dtto 'y 1
Equation Ordering jé
Set Wariable Yalue 13
=13 Advanced Options 15
Design Variables 16
Constiaint Variables 1;
Obj Yalue and Paring 19
Define Relationships 20
Equation Trace Back il
|- Testhed Erwironment 22
Define Compounds o
Detine Stream Compasition| |25
[[1 DataSets 26
Experimental Meassureme i;
29
30
3 31
52
|33

miniaininininisininininininininininininininis]

Computer Aided Process Engineering Tools

Flow Tat=((Flow_0)+{Flove_111
Flow ' T=({Flowr _%_0)+{Flaw_%_1))
% _0=Floree_O/FlovweTot

Fhohiiz={(x_DPrho_D0)+(x_1*rho_1))
Lambeatiz=((x_CPLambra_0)+(x_1*Lambda_1)
Cphix=(x_(FCp_03+(x_1*Cp_17)

| Equation Result
I
‘A Result before and after the solution

A
T Hame Before sol After solution
Pl [Flow_0 0.028 0.02787153109553
PIl [Flow_1 0.056 0.05431 530050238
Dl [Flow_%_0 o 2.546690446945e-00: |20 OE+E
Dl Flow_% 1 o 0.0016548998497611 210 OE+6
gl 12 293 358.5347830260
= ] 293 360.76460231 M
! =y 363 363
! =g 293 356.30461 57996
H 1.4 293 3540831547003
B |15 293 351 6732670185
Ll |15 293 349 650280304
1% (I L 293 347 5085452235
ni [18 293 3453616120615
ni [13 293 3432415031321

T_10 293 3411484857469

<l 1 | | ﬂ
& T Show allitems
d

L3

=|Total Calculation Time [sec): 12.687
- |Model Information Retrived

Ready

AL ATRTMIT Status A ariable View Ay Local Variable View A Varizhle Chart Trace

[Madel: 1 'EQis: 91 [Unknown: 1 Deq. of Freedom: 0 [v: 14
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Computer Aided Process Engineering Tools

1. MoT
2. ProS1im
—  Simulis thermodynamics e
: ProSim
—  ProSimPlus
—  CO-wrapper
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CAPE-OPEN CAPEC PC Saft
P.P. Wrapper (MoT)

Create
Create

LoadModel

GetNumberVariables

GetVariable At

CalcEquilibrium /u SetValueAt

SolveEquations

Get ValueAt

)
i
i
I
]
)
T 1
I
)
T
T

SetValueAt

SolveEquations

GetValueAt

Free

|
CalcProp /LH ‘
|
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Create

CAPE-OPEN

Unit Wrapper

Create

CAPEC
Evaporator (MoT)
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— —

LoadModel /u
GetNumberVariables /u
GetVariableAt 1]
Connect ports ‘
Edit parameters ﬁ ‘
Validate w ‘
Caleulate ﬂlj SetValueAt ‘
SolveEquations
GetValueAt
GetPlotHeaders
GetTimePoint /u
Free w ‘
Free
|




Case Studies

1. Highlights interoperability through the use of an
external model (PC-SAFT) through the CO-thermo
interface in ProSim, which is run from EXCEL -
for a binary mixture of methane/n-butane
(saturation point & property calculations)

2. Highlights interoperability through the use of an
external unit operation model (short-path
evaporation) for the recovery of a chemical from a
feed mixture using ProSim as the simulator and
wrapping the MoT-model object for the CO-socket
in ProSim
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= [I3 Model Definition -
Yiew Original bModel

[}

Wiew Translated Mode
Irnport M odel

Create Model

M adify kodel
Model Y ariable Analpsiz
Classify Wariables
Relate dv/dtto
Equation Ordering
Set Variable Value
Advanced Options

Dezign Wariables
Canstraint W ariables
Obj. Yalue and Paring
Define Relationships

Equation Trace Back

[ [T [ [0 [

estbed Ervironment L

B

Define Compounds

(T [

Diefine Stream Compos s
P
B Gen. I

.| |

] T Defi.. |'f250|u...

#* zetaln] abbreviation (n = 0..3), [An-3] A
#* all, a0z, a0l model constant

#* hOl, h0OZ, h03 model constant

#* RGLS Uniwver=sal gas constant, [Jf (mol Ki]

#* DAV Lvogadro' sz number, [molecules/mole ]

#* KBOLTZ Boltzamann constant, [J/K] = RGAI/MAV

#*+ DAV Avogadro' sz number, [molecules/mole ]

#* PI PI number = acaos(—-1)

#* The mixture Butane-Methane iz considered as a test system. *
#The model

#segmwent disweter of cowponent i

dli] = sigmal[i] * {1 — 0.12%exp (-3 *epsilonk[i]/T)}

#zegquent diameter

ddi{0i[i] = d 0%d[i]/(d 0 + d[i])

dd{l1}[i] = d_l*d[i].-'" (d_1 + d[il)

Hoombining rules for @ pair of unlike segments

sigmai{0} [1] = 0.5%(sigwa 0 + sigmwali])

sigwai{l}[i] = 0.5%(sigwa 1 + sigwali]l)

epsilonk{0}[i] = s=sgrt(epsilonk O%epsilonk[i])¥(1 - kK{0O}[1i])

< | >

xl/Model Information Retrived
X Model Testhed wver. 0.7
Init Complete

: | [\Sh‘lus A “Wariable Wiewm )\ Local Wanahle Wiew )\ “anable Chart Trace f

el |

Edr's: 193 Unknown: 1

Model: 1 Deg. of Freedom: O ¥ 0 didt: O
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Constraint Yariables :II; I|: SL;m{i;J =(EEC_1 *);i_}D*Dr;_(‘I *m_{?;(;a;silonkﬁ L OME=sigmadt b 0°30+0x 1 *_1*m_1*m_1%epsilonk{1 }_1/Ti*sigmaf1 }_1°31)
MZes3_Mm=([Sum: [ SLIM-
Dbi. Walue and Paring 15 [ sum{jiO=rCe Ot _O%m_OMm_O%epsilonk(D s 02 sinmali_ 03 (e 0% 1 m_0tm_1 f(epeionk{0]_1 Mr2tsioma_1*
Define Relationships 20 [ sum{i_1=((x_1*x_0%n_1*m_0*(epsilonk{1 }_0T)*2*sigmal1 3_0~30+(c_1*%_1*m_1*m_1*(epsilonk{1 }_1.T)"24sigmai1}_1"
Equation Trace Back 21 - m2eds3_m=(lzumd}_0+(sum{}_11]
s D Trstbad Ervicniment 22 || a{0=al0H0H(mm-1nm*a{1 HO H(mm-1 Jmm*mm-21nm* a2 {0
B : 23 I a{1 l=ai0H1 Fimm-1nm a1 §1 Himm-1 0mmemm-2 1nm*=ag2 {1 ¢
Define Compounds 24 [ a(2=a0xZimm-1 wmmeait H2 H{mm-1 Ummemm- 20mmeei2 2
Define Stream Compos _ 25 [ a3 =a{0H3mm-1 dnmeadt B3 Omm-1mmmm-2mm a2 {3
26 [T afdi=aiDHa(mm-1unmead 4 Homm-1ummeimm-2pinmeag2 4}
1 | l Bl a7 [ a8 ma{0Hs Fmm1 nmai! 5 Fmm-1 Lmmt(mm-2mmea{2 15 |
Toben.. |[®asou. | ®wsen.. 25 [ aiBl=ai0HE T (mm-1pnm#ad HE Fomm-1ymmtmm-2pinmeaq2 HE 3
ﬂ Model Information Retrived -

Model Testbed ver. 0.7
Init Complete

[ 410 [T Status A ariable View A Local Variahle Yiew h Variable Ghart Trace [ |K j_‘

Ready Model: 1 EQ's: 193 Unknown: 1 Deq. of Freedom: 0 Y: 0 dyfdt: 0
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11

12

13

(] Fle  Edt View

BY-TF

e o et [

Insert  Format  Tools

ﬁ Show the package manager...

@ Import a package...
@ Build a package...

Lﬂ Calculate
&’SJ Export az a PSF file

Mame

Comments :

CAPE-OPEN

sSlide Show

Window  Help

i Helvetica

Calculator

-2 -|[B]z U]

Twpe a question For help

=) A

Compounds actions
E Import compounds...

ED:' E dit thiz compound...

h_'gg Add a new compound

k—}j Delete the selection

@ Clone this compound

E{:' Create pseudo-compounds..

:E Temperature dependent properties...

Order

s Maove thiz compound up

Compovnd:

@ Show the package manager...

@ Import a package...
@ Build a package with this list...

- | = Design

S9(=1EY

=
Thiz window helps vou to define the contest of your thermodynamic calculator =
| IUFPALC Mame . Fegistry Cas Mumber
@ nBUTANE 106-97-8
E Y METHANE
Eo_mments :

_Eompounds Model Parameters

| Cancel

I3

 Cral

I s e e

T o T e T e = =.-:.-.-..._.rﬂ'a

Slide: 10 of 20

Simple-presentation
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M amne

Comments :

v| CAPE-OFEN

T Calculator
| i z ' This window helps you to define the context of wour thermodynamic calculator

Source type

Clazz 1D

Cantairer :

Marne :

Ok

@&

Cancel |
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Case Study 1: Thermo Interface

1. External Thermo-model (PC-SAFT)

- Selection of a CAPE-OPEN Thermodynamic Propert... [E@
T CAPE-OPEN

K elaataekel Thig window allows to zelect a CAPE-OFPEM
FLE A Thermadynamic Property Package.
L1 -J&f_b‘ ]

Double-click on an item to edit i,

S
-

o

Standalone CAPE-OPEN® Thermo Property Packages
ﬁ PCSaft by CAPEC and ProSim
Simuliz CAPE-OPEN*® Thermo Spstem

A Smae ARCA RS I 40 A Select
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1. External Thermo-model (PC-SAFT)

CAPE-OPEN

« Edition of a CAPE-OPEN Thermodynamic Property Package

B=ES

Thiz window dizplays zome information about & CAPE-OFEM Thermodynamic Froperty Package
URL Wendor:  http:ddwvn. capec. kb dtu. dlie

URL Help : http: & fvwva prosim. net

Name |PCSaft by CAPEC and ProSim

Diescription |E.f1‘n.F'E-D PEM Froperty Package: PCSaft by CAPEC wrapped by ProSim

ClasslD I{B DBDT7DEE-879F-45BA-A620-01AB07FCEROR]

ProglD |PCSaft.PP100

|HProcServerd? |E:'\Prnsim'\F'ES aftspozaft.dil

Shart description IF'ES aft by CAPEC and ProSim

Full description |CAPE-OPEMN Property Package: PCSaft by CAPEC wrapped by ProSim

Wersion |1 0.00

CAPE-DPEN wersion |1.0

About | Copyright® 2008 ProSin 54

Compounds lizt

Froperties list Fhaszes list
nBUTAME / 106-97-8 / C4H10 fugacityCoefficient " apar
METHAME / 74-32-8 / CH4 denzity Liguid

" aporLiquid
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~ Calculate

[ Actions |
i Calculate

Export to M5 Excel...

M odifications

Calculate

Transfert properties

Thig window helps pou to define the contest of pour calculations

Thermodynamic propeities

|zobaric zpecific heat [Cp) Enthalpy
Dynamic vizcogity Entropy
Thermal conductivity |sochoric specific heat
tdolar denzity Enthalpy of wapaorization
Surface tension
| Opions | Densiy

talar valume

(¥ Properties calculation | Malar veight

" Equilibria calculations o . i i
; Compreszsibility properties Hon-ideal properties
I] Unit system (Results) Compressibility factar Activity coefficients
Garma [Cp/Co ratio) | JRN} z

| Sound speed

Phyzical state of the mixture
Automatically determined -

" Propetties [ Conditions  Results  Chart
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Case Study 1: Thermo Interface

1. External Thermo-model (PC-SAFT)

{:E Calculate

Calculate

Thiz window helpz

you to defing the context of wour calculations

" Equilibria calculations

E Unit zpstem [Aezults)

3 Stap

10%

Ewrpart to M5 Excel... = -
| Froperty Initial Firral
Modificatiors Pressure © atm |3 43.9183673463388
v odifications - -
Temperature : °C 211 211 0.000000 1
1 Unda
4]
| Options ] |Compound Initial | Firral |Step Points
= Properties calculation nEUTAME Auta Auto Auta Auto
METHAME 0.00m 0.001 0.000000 1

m Auta
|Initia| composition ||F|esults
Yalues Kind Tvpe Calculate
(%) Fractions talar talar Molar weight
0 kmal [« (O Mazs ) Mass

(D) Quantities

Properties Conditions | Besultz  Chart

Cloze
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~ Calculate

[ potions | Calculate

& Calculate This window helps you to define the contest of your calculations

]

Export to M5 Excel.. — - - = —
Conditions b ixture [k olar) Riatio [kalar] Fugacity coefficients [§

Modifications Pressure [atm) | Temperature [*Z]  |n-BUTANE | METHAME |%aporization ratin | n-BUTANE | H
3 11 0.533 0.0m 05 0.67147500483575
5.4E93577E510204 211 0.999 0.0m 05 0.37217051145626: 4
7.93877551020408 211 0.999 0.0m 0s 0.253120809883227 1
10 4081632653061 211 0.533 0.0m 05 0.19375892366215 1
12.8775510204082 211 0.999 0.0m 05 0.168320098076572 1
15.3469387755102 211 0.999 0.0 0s 0.13844050000890: 9

@ Praperties calculation 117.8163265306122 211 0.533 0.0m 05 012057 325816315¢ §

£ Equilibria caloulations 20.2857142857143 211 0.999 0.0m 05 01070830 E73415:

. 22.7551020408163 211 0.999 0.0 (IR 0.096545860447541 H

I nit system (Pesuts 25.2244857959184 21,1 0838 00N 05 0.0330955R7372357
Z7.B9357VEE10204 21 0.999 0.0m 05 00811 7483226338 H
INTE32E53061224 211 0.999 0.0m 0& 0.07540895343836¢ §
J2.6326530612245 211 0.999 0.0 [IR:] 0.070536727225741 4
35.1020408163265 211 0.999 0.0m 05 0.08E37049891 920z 4
I7.5714285714286 211 0.999 0.0m (IR 0.06277200241078: 4
40.0408163265306 211 0.999 0.0m 0& 0.08963715348251: 3
42 5102040816326 211 0.999 0.0m 05 0.05683611102616¢ 3
44.9795918367347 211 0.999 0.0m 0s 0.05445663613324;
47 4439795918367 211 0.939 0.0m (R3] 0.05223951671853: 3
49.9183673469388 211 0.999 0.0m 05 0.08037535236799E 3
[ | D]

Propertizz  Conditiohs  Fiesults | Chart
Close
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Case Study 1: Thermo Interface

1. Validation & comparison of results

Fugacity coefficient for n-butane (Liquid phase) Fugacity coefficient for methane (Liquid phase)

60

0.8

.(fu gacity)
&d (fugacity)

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Pressure (atm) Pressure (atm)

—e— Simulis (SRK) —&— Mot-Prosim (PC-SAFT)

—e— Simulis (SRK) —a— Mot-Prosim (PC-SAFT)
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1. Validation & comparison of results

Bubble and Dew point for methane

160

140

N T=21.1°C
S 100 X, .= 0.999
2 50 X g = 0.001
E 60 -

40 -

20

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Methane Mole fraction

—s— MoT-ProSim Bubble Point
MoT-ProSim Dew Point

—e— Simulis Bubble Point

Simulis Dew Point
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Momentum balance

2
y 9%y ( );, z) _
dy I(O)=F
Rate of Evaporization 5 l Fijm ME
1

a1, (2)

vap )
S onrk; k=l | L {1—(1—F)[1—e"/‘“’>] }
oz 2R M T, (2)\ By l_L.r
z

Energy balance

P T
e
oy e
afre
ey
W
. H
b 1
.
H
H

—» Cold fluid out

g 5
< | =
oT (y,z) A |9T(y,z) 0T (y,z) X %‘ ;
v (y,Z) — = 2’ + 2’ I g | % b |+ cold puidin
S aZ Tt g N
wallat T3,

Mass Balance

dC,(y,2)

e |

9°C,(»,2) + 9°C, (»,2)
oy’ oz’

4

*Sales-Cruz, M. And Gani, R., 2006; “Computer-Aided modelling of short path evaporation for chemical product purifications,
analysis and design”, Chem. Eng. Res. and Des. 84,7, 583-594
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Version 2.1

Licence informations Copyright ©1558-2008 ProSim 5.A.

(NNNENENENNNEEER All rights reserved.
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ase Study 2: Unit Interface

Desdx& &k | [ B

L OO - S Slul Wk
Ahsﬁrhers
Feed / Product stream
Controls
Mass transfer

2-phase distillation

3-phaze digtillation

Heat exchangers
Liquid-iquid extraction
Flashes and decanters
Compressar/E xpander/Pump - Selection of a CAPE-OPEN Component
Mixers / Spitters / Separators
Uzer defined unit operations

B
W

CAPE-OPEN

This window allows ta select a CAPE-OPEN component

Right click on an item to obtain some details.

Windows Script |
E-:a ﬁ Fim.adConversionFl.eactor Class j
nid ﬁ HEC01 00 < acediCooler
CAPE-OPEN unit operation g ChemSep_UritDperation Clagss
g Walve Class
@ HeaterCooler Class
User defined unit operation UTH @3 HealExchanger Class

&3 HHiCO100%phe

g PropertyT ester Class

@ R51/Control PIDController Unitd peration
&3 HHiCO100xist

User defined unit operation UTI2

g Turbine Class

User defined unit operation UTI3 @ Flash Class

ﬁ CompoundSplitter Class
&3 HTRICO093.ist

g MoOperation Class

@ Pump Class

ﬁ E=pander Class

L4

Select Cancel
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Case Study 2: Unit Interface

~ Edition of a CAPE-OPEN Component

= CAPE-OPEN
Y Thiz window displays some information about a CAPE-OFEN Componett
hj” URL Werdor kit /v prosim. net
z5 2 IRL Help: hitkp: A proinn, bt

Mame JE&F‘E C Ewaparatar
Dezcription l< hone:
ClazzID ]{&B.ﬁ.HHDEEJ FAE-4808-811F-C4256C40E3FF}
ProglD JE.&-.F'E CEvwaporator. COUrit
InProcSereer32 W:'xstardust projectscapeapent.gani-evaparateur\CAPE CE vapallnit.dll
Shart description imF'E C Ewapoarator
Full degcription |CAPEC Evaparator : CAPE-OPEM Unit by PraSirm and CAPEC

Version [1.0.0.0 CAPE-OPEN version 1.0
About |Copyright® 2006 ProSim - CAPEC
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Case Study 2: Unit Interface

Change the connections

Cutlet connection port: Mew stream Inlet connection port;
=1- CAPEC Ewaporator =+ Proceszs autlet 1
* Material Dutlet #1 {* Process outlet

" Material Qutlet #2

v Show only available connections
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+ Thermodynamic calculator editor E

Calculator actions and properties Calculator
Calculatar P i ! :
B Thiz windaw helpz you ta define the context of your thermadynamic calculator
-‘ﬁ Show the package manager...
‘@ Import a package...
f# Build a package... Compounds actions [IUPAC Name Registry Cas Number
@ & d-LIMOMEME 5989275
£l & [waTER 7732165
e E |mport compounds. ..
I odifications
@ Add a new compound
&l
5 3 @
Lti Calculate G Create pseudo-compounds...
1 Expont a5 5 PSF fils ¥ Temperature dependent praperties...
ran
[dLIMONENE /WATER: T
Caomments : @
-
CAPE-OPEN ‘ﬁ Show the package manager...
@ Import a package... Comments :
;@ Build a package with thiz list...
1 Compounds | Model Parameters
Ok Cancel
— |
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wevmy  Case Study 2: Unit Interface
[Process feed (SALIM3)

M ame: ]Prn:l cezs feed 1

Desc: |

Identification  Parameters lAd‘.fanDEH:l pararrretersl Scripts] Re 4 | ’

Temperature Pressure ]
Prez=ure zpecification
{s" Supplied
" Bubble point prez=ure at =pecified temperature
" Dew point pressure at specified temperature

Pressure |299.021 | Pa ﬂ
Iv Stream physical state |L'rquid ztream j
| Specific thermodynamic model for water
| Enthalpy | | . J

Flowrate =pecification... |
Data link:

06AICHE
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Case Study 2: Unit Interface

+ 2 CAPE-OPEN Unit Operation
Marne:

Desc: |

identification  Parameters ]5cripts] Notes |

| Specifications management

Open the edition window of the unit operation

Edit... in order to visualize or to modify itz
pararrreters.
: Vizualize the registered detailz of the unit

Detailz. .. 5

operation on your computer.
i) Dpen.the Ebdrtlllill'l '|:"||'II1'E|I:IW of the unit operation

supplied by Simulis.

Validate Mﬂnua.lhrstartthevﬂlrdatmn of the unit
operation.

Rl ‘v"rsuall_ze the reportz =upplied by the unit
operation.

The grayed buttons correspond o actions which are nol available
or which are not implemented by the unit operation.
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Case Study 2: Unit Interface

- B

- CAPE-OPEN Unit Editor |
Description Type M

Name ode

Length Evaporator Length {m} Real Input

Diameter Evaporator Diameter (m) Real Input
Value: |0.15

| Parameters [ Ports Report

AIChE Annual Meeting 2006 - San Francisco California



APE-OPEN

Mame: |CAPEC Evaporator

Desc: |

« CAPE-OPEN Unit Editor i=1F identification  Parameters ] Scripts | Notes |

L LE LB HEED Type L I™ Specifications management
 Input Material Inlet #1 Material Inlet #1 Material Inlet
Liguid Output WMaterial Dutiet #2 Waterial Outlet #2 Waterial Dutiet ) Open the edition window of the unit operation
- - - - - - - - ] Edit... in order to visualize or to modify its
_Vapur Qutput _r.|_ater|a_l Cutlst #1 : r.|ate|_'|al_0utl_et #1 Material Qutlet paramelers.

Validate
Details...
.
\1) Validation successful,
it operation

Parameters...

Validate Manua.lry =tart the validation of the unit
operation.

e ] Vlsuall_ze the reports supplied by the unit
operation.

The grayed buttons correspond to actions which are not available
or which are not implemented by the unit operation.

oK cancel |

Parameters iPorts | Report

Ok

+ = Process feed 1
=+ CAPELC Evaporator

Simulation in progiess -
reading data

Checking data
Receiving calculation sequence —
Simulation in progress
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DSl xE SR8
'L L [0SO m-n

Absorbers
Feed / Product stream
Process feed
Process outlet
':‘: Input =
Streams Input Liquid Output| % apor Output]
From Process fee. | CAPEC Eva. [ CAPEC Eva.
Raalflons. .. . cvssemassmrneny IS0 L] molS. b T molfs..|
d-LIMONENE 0.028 0.027972 | 2.8465E-005
WATER 0.056 0.054315 | 0.0016847
Tatal flow [ mals 0.024 0.082287 | 0.0017132
Fhysical state Liguid Liquid W apor
Eanils | | Temperature | K 363 380,85 380,85
N Pressure [Pa 29302 299.02 299.02

Pnhasa diskillatinn

i
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2. Short-Path Evaporator Model

Streams Liaison 1 Liaison 2 Liaison 3
From Entrée du procédé 1 CAPEC Evaporator CAPEC Evaporator
Partial flows kg/h kg/h kg/h
d-LIMONENE 18.7323872 0.013962354 13.71842485
WATER 3.63188448 0.109261291 3.522623189
T it et e Partial flows mol/s mol/s mol/s
? ig xeei?tn@ s h-mE@ |z ST d-LIMONENE 0.028 2.84689E-05 0.027971531
= ’AE':“;“ WATER 0.056 0.001684699 0.054315301
SR Total flow kg/h 17.36427168 0.123223645 17.24104803
ij’m Physical state Vapor Vapor Vapor
Temperature K 363 350.8500852 350.8500852
Pressure Pa 299.0199192 299.0199192 299.0199192
Enthalpy kcal/h 431.2384293 5.53628E-05 13.35118618
o e d —‘me
)
Tad lon IS T T MG
Faperaine K % | wom | e
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Conclusions

* Through two (MoT & ProSimPlus) modelling/simulation
tools, it has been shown how to apply the CO-interfaces
with few additional programming effort

e Using the highlighted approach, any new thermo-model
or unit operation model can be converted into a model
object, which is then connected to a simulation
environment supporting CO-interfaces, thereby
achieving plug & play (interoperability) of software tools

and models
 Current and future work is extending this approach to
other modelling problems, such as, parameter

estimation, customized simulators, and modelling for
product behaviour analysis
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