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Simulis® Thermodynamics

CAPE-OPEN and Simulis® Thermodynamics
MATLAB® toolbox

MATLAB® example

Conclusions and perspectives




A freely available industry standard for interfaces
between software components making up process
simulation tools

The success of a collaboration between software
vendors, end-users and academics

A proven technology implemented in most process
simulation tools

A growing adhesion by process simulation market
leaders

CO-LaN: a group of end users taking responsibility for

putting resources together to support ongoing work on
the standard

CO-LaN
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Generic name given to the new software component suite of ProSim

New architecture

> Component-oriented approach applied to
* Pure substance properties
 Thermodynamic calculations
« Chemical reactions
* Unit operations

° Easily integrated within a client application
(COM)

« Visual C++, Visual Basic, Delphi, C#, ... even Visual
FORTRAN

Based on validated code and useful services

> Wrapping of existing codes
 Efficiency
 Reliability
« Ease-of-use




Generic name given to the new software component suite of ProSim

Offering useful services

2 Related services
* Unit conversions
« Experimental data fitting and estimation
 Pseudo components property generation
- Data analysis
Commercially available components

2 Simulis® Conversions

* Quantities and unit conversions management
2 Simulis® Properties

* Pure substances properties (constant or temperature
dependent) server

2 Simulis® Thermodynamics

« Thermodynamic properties and equilibrium
calculation server




Thermodynamic properties and phase equilibrium calculation server
for pure substances and mixtures (up to 200 compounds).

2 Thermodynamic models

2 Properties and derivatives

Transport properties (Cp, Cv, H, A, ...)
Thermodynamic properties (H, S, U, ...)
Compressibility properties (Z, Cp/Cyv, ...)
Non-ideal properties (y, ®, Ln(®), ...)
Pseudo critical properties (Tc, Pc, V¢, Zc)

2 Equilibrium

o

Liquid-Vapor (TP, HP, SP, wT, wP, UV, ...)
Liquid-Liquid (TP)

Liquid-Liquid-Vapor (TP, HP, wP)
Liquid-Vapor phase envelope
Liquid-Vapor equilibrium constants
Liquid-Liquid equilibrium constants

over 1700 pure substances. i

Soave-Redlich-Kwong (SRK)

Peng-Robinson (PR)

Lee-Kessler-Plocker (LKP)
Benedict-Webb-Rubin modified Starling (BWRS)
Ideal

Wilson

NRTL

Margules

UNIFAC (original, Dortmund, Larsen, PSRK, LL)
UNIQUAC

Engels

Chao-Seader

Sour Water

Amines and acid gases

MHV2

ULPDHS ...




CAPE-OPEN Thermo « plug »:

o Successfully tested with:

» Aspen Plus (AspenTech)
Aspen Hysys (AspenTech)
PRO/II (SimSci)
gPROMS (PSE)

Xist (HTRI)
o Tests in progress with:

* INDISS (RSI)

« VALI (Belsim)

CAPE-OPEN Thermo « socket »:

o Successfully tested with:
« Aspen Properties
* MultiFlash (Infochem)
 PPDS (TUV NEL)
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5211

-
b£d




Over 550 MATLAB?® functions allow:
o to calculate thermodynamic properties
o to calculate phase equilibrium
o to edit data with standard dialogs
> to load and save data with standard functions
o to create, deploy and use Simulis® data packages
o to define your thermodynamic models
o to access pure substances properties
o to access binary interaction parameters
o to convert quantities
2 ..
2 and, of course, to benefit from CAPE-OPEN compliance

A Microsoft® Excel add-in of Simulis® Thermodynamics is also available

12
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E_Example.m

Edit Tesxt Cell Tools Debug Desktop window Help ¥ a2 x
Dl | iRl o (S #arsr a0 @08 28| swfn ] BODB =0
1 [function (1 = AIChE_Example
z
3 % Simulis Thermodynamics
4 % AIChE EZ00E - Cincinnati, OH *
E % Michel PONE - ilain WACHER
=} %

7 % l- Thermodynamic calculator creation

8= scal = stCAlCreate;

2 % f- Unit system edition using a standard Simualis dialog

10 % Z.1- Input unit systen edition {atm, °C)

11 -  wodified = stCALSystenEdit{scal,l); ’ a 7 3t E 3 - H
| Pk i . I'he Language of Technical Computing
13 — modified = stCALSystenEdit{scal, Z);

14 % 3- Thermodynamic calculator edition using another stands A A
15 % {Hyprotach Property Package (HDA - SIK) is selactad) Wersion 6.9.1.199708 Release 13 {BENICE Fack 1}
16 = modified = stCALEdit{seal); AUQUST 4| 2003

17 % 4- Input data

1z % 4_1- Composition R o

B fractions = [0.Z 0.Z 0.2 0.2 0.2]; LICEHSE Number EEETEE

20 % 4.Z- Composition type (0 = molar, 1 = mass) l.[l,'laln "-.-"-'EIEI"IEI’

2l — typeFrac = 0;

zz % 4.3- Result type (0 = molar, 1 = mass) ProSim 5A

R typeRes = 0;

zd % 4.4- Pressure (atm)

25 - pressure = 1.0;

= % 4.5- Temperatures (°C)

2 resTemperatures = [-100.0 -30.0 -280.0 -70.0 -60.0 -50.0 -4

Z8 % 5- VWapor Cp calculations

I farsi=l Ll

S TE [ resCpsi{i) 1 = stCALCpW({ scal, resTemperatures (i), pres|

chid end

S resCps

a3 % f- Besults plot

St = hpl = plot(resTemnperatures, resCps, '-b');

35 = title('- Vapor Cp calculations -');

36 — xlabel('Temperature ("C)');

27 = Flabel {'Cp (T /mol/E)');

38 -  grid om:

i i % 7- Free thermodynamic calculator

40 — stCALFree(scal);

Copyright 19842003, The MathWorks, Inc.

Use of a CAPE-OPEN Property Package created by Aspen Properties
throughout the thermodynamic socket of Simulis® Thermodynamics within
MATLAB®
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Current Directory - ...\ AIChE, Oct 30-Nov 3\PaperiPresentation # X ||Command Windov / . \
SRS ~  Working
2l Files 2. |FiIeType Size Last Mc To get started, select MATLAE Help or Demwos from the .
5] AICHE v2.ppt PFT File 1636 KB Oct 21 d | rectory
Ll AICHE v2.zip ZIP File 1279 KB Sep 28] 7~
3 Aiche. zip ZIP File 1641 KB Sep 27
@ AIChE_Examplam  Miile 2KB Ot 4, Where m
G AlChEweh. ppt PPT File 1635 KB Oct 21
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=] hs_err_pid1004.log  LOG File 16 KB Oct 27 I Ie
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E Editor -

File Edit Temt Cell Tools Debug Deskrop  Window Help

NwH L RBo |8 A7 B0 A0S Function name

acuments and Settings PONS'\Mes documents', CO-LaN Communication'\Conferencaci ¥a>nnstarcke

1 function [] = AIChE Example

2 &

3 % Simulis Thermodynswmics

4 % AIChE 2005 - Cincinnsti, OH

5 % Michel PONS - Alain WACHER n "

g - Simulis Calculator created

7 % Caleculation of dew and bubble temperatures for a water-—

38 % using a CAPE-OPEMN Property Package created with Aspen Pr

gl 5

10 % 1- Thermodyhnatic calculator creation

11 = =scal = stChAlLCreate;

1z % 2- Unit system edition using a standard Simulis dialo Ed't' f 't t f - t
13 % 2.1- Input unit system edition (atm calculation I Ion O unl SyS em Or Inpu
14 - modified = stCALSystemEdit (=cal,1):

15 % 2.2- Output unit system edition (*C : dew and bhubble tmm T

16 = modified = stCALSystemEdit (scal,2):

17 % 3- Thermodynamic calculator edition using another stam

18 % [CAPE-OFPEN Property Fackage iz selected) . .

| it Edition of unit system for output
Z0 % 4- Input data y

21 % 4.1- Pressure (atm)

22 - pressure = 1.0;

23 Y 4,2- Compositcion type (0 = wolar, 1 = mass)

24 - typeFrac = 0;

25 % 4.3- Besult twype (0 = molar, 1 = mass)

Opens Simulis Calculator t
27 Y 4.4- Cowposition (Range [0,1] on water fraction) pens Imu IS a Cu a Or O
28 - fractions = [0.0 0.0 0.0 0.07:

29 % 5— Dew and bubble temperatures calculations SeIeCt CAP E_OPEN Pro ert
30 - for i=1:101, p y
31 - ethanolFractions(i) = (i - 1) / 100:

3z - fractions (1) = 1 - ethanolFractions(i): PaCka e to be used

35 - fractions (2) = ethanolFractions(i); g

34 - [dewTemperatures (1)] = stiilDewTemperature(scal,pressure,fractions, typeFrac, typeRes,false);

sE|= [bubkbleTemperatures(i)] = stCALBubbleTemperature (scal,pressure,fractions, typeFrac, typelRes, fal=se) ;

36 - end d|

AIChE_Example [Ln 1 co 1 [ovR | , f,'i;




B Edivor - C:Documents and Settings',PONS Mes documents ‘WCommunication',Conferences'\¥2005AIChE, Oct 30-Nov 3 Paper’Presentation \AIChE_Example.n

File Edit Text Cell Tools Debug Dezktop  Window Help o | A X

D B|fR2Ro « |5 MF 8 808E BB | sckos ]| BODB &0

11 - scal = stCiAlCreate; 3

1z % Z- Unit system edition using a standard Simulis diaslog

13 % Z.1- Input unit system edition l(atm : calculation pressure)

14 - modified = stChlLSyastemEdit (scal, 1) :

15 ¥ Z.Z- Output unit system edition (°C : dew and bubble t?/ . .

16 - modified = stCAL3vstemEdit (scal,2):; Deflne CalCuIatlon to be

17 % 3- Thermodynamic calculator edition using another star

15 % [CAPE-QOFPEN Property Package iz selected) .

| [tk erformed: at 1 atm, dew point
20 % 4- Input data p " b/ p

21 % 4.,1- Pressure [ati) .

| and bubble point temperatures
23 % 4,.2- Composition type (0 = molar, 1 = mass)

24 - typeFrac = 0:

25+ 2o Resuic crpe (0 = woec, 1 = nase over the entire composition

Z6 — typeles = 0;

27 % 4,4- Composition (Range [0,1] on water fractio =
20 - ccoceions < (6.0 6.0 0.0 0.0 range of water-ethanol mixture
28 % 5= Dew and bubble temperatures calculations

30 - for i=1:101, -

31 - ethanolFractions (i} = (i - 1) / 100: (1 01 pOIntS)

IE | = fractions(l) = 1 - ethanolFractions(i):;

33 | = fractions(2) = ethanolFractionsi(i):

34 - [dewTemperatures (i)] = stCALDewTemperatureiscal,pressure, fractions, typeFrac, typeRes, false) ;

S5 |= [bubbleTemperatures (i1] = stCALBubbleTemperature (scal,pressure, fractions, typeFrac, cypeRes, false)

36 - end

37 % 6- Results plot

38 — hpl = plot(ethanolFractions,dewvlemperatures, '-or', ...

38 ethanolFractions,bubbleTemperatures, '-ob' ;...

40 'LineWidth',2, 'MarkerEdgeColor','k', 'MarkerFaceColor}

41 —= title('- Dew and bhubble temperatures [(at 1 atm) SN

42 - xlabel ('Ethancol fraction'): Plot reSUItS

43 — vlabel (' Temperature (“C)1'):

44 - grid on;
a5 % 7- Free thermodynamic calculator
46 = sSctCALFree (scal): -

AIChE_Example Ln 1 Col 1 |O\-’R 4

s |
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i

L

5 CO'LaN




—15]x

File Edit Debug Desktop Window Halp

D @ | c’ié ‘ ﬁ 7 | ﬁ ﬁ @ | @ ||Iocuments and Settings'PONSMes docurmentshCO-LahiCommunication'Conferencesiy 20050AICHE, Ot 30-Mov 3PaperPresentation ll J

Shortcuts [#] Howe to Add [2] What's Mew

Current Directory - ..\ AIChE, Oct 30-Nov 3 PaperiPresentation 2 X | REIIDELLRUHLELY A X
= g IR

2l Files 2. |FiIeType Size |LastMc To get started, select MATLAE Help or Demos from the Help menu.
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AIChE_ExampIe.m h-file 2ZKEBE Octd,

G AlChEweh. ppt PPT File 1635 KB Oct 21

2] Confirrnation de wote . THT File 2KB SeplE

=] hs_err_pid1004.log  LOG File 16 KB Oct 27

hs_err_pid1364.loy  LOG File 16 KE Oct 27

hs_err_pid2252. log LOG File 168 KB Oct 27

Preparation.txzt TAT File 12KEB Oct25

& Ternplate. ppt PPT File 161 KB Sep 2
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Predefined zpstems

Chooze a predefined unit
spztem in thiz izt and
chck "dpply systern' to
uze theses unitz i1 paur

Verlfylng/settmg units

application. Tty \ / "
kolar entropy
150 Moalar flow rate
E:ﬁé;ﬁm Molar mazz
Application default Molar volurne
User default Percentage 2
Fower k.
Pressure atm
Apply spstern F'res“:sL.m_a drop atm
Hezistivity i i
Hewvolution zpeed b/ e
. ) |Surface tengion dundcm
Va I |d ate T emperature C
T -\:-I:
T lmrrm =] mmim A o= Fan Yl e M 2
|| Save az user default Ok, Cancel | ”
£
CO"LaN




. Uniesystem x|
g:i Application unit system ‘

Predefined zystems

Choose a predefined unit -
spztenn in thiz lizt and P N . .
click “Apply zpztem' to Ve I’Ifyl nglsett| ng un |tS |
LizE _thes_es Liriks i pavr 7
application. e \ / " |
bolar rass
EDS' b alar wolurne
roSinm
Britich Fercentage
Application defalt Power
User default Pressure
Frezzure drop
Resiztiity
T | Revaolution EFIEEIj bk
Surface tenzion dyndcm
T emperature T
. Temperature drop T
Va I |d ate Therrmal conductivity LEET i
h
/\I:m e j
|| Save as user default \ Ok Cancel |

a co i.aN




» Thermodynamic calculator editor

Calculator actions and properties

ﬁ Show the package manager...
ﬁ Import & package...

a Build a package...

ﬁ Select a CAPE-OPEM package

Calculator

Thiz window helps you to define the context af your thermadynamic calculator

=10l x|

I odifications

Mame

Comments :

[ CAPE-OPEM

Compounds actions
'?j &dd a new compound
Clone this compotnd
x Delete the selection
E dit thiz compound. .
\@ Import compounds...
Create a pseudo-compound...

Temperature dependent properties...

< Move thiz compound up

FF Move thiz compound down

Packages

ﬁ Shiow the package manager...
ﬁ |mport & package...
a Build a package with thiz list...

IUPAC Mame | Reqisty Cas Mumber

Comments :

_Enmpuunds tModel Parameters

Ok

Cancel |

2o |
gl
S o1

E

CO-LaN




« Thermodynamic calculator editor

Calculator actions and properties

ﬁ Show the package manager..

ﬁ Import a package...
ﬂ Build a package...
ﬁ Select s CAPE-OPEN package

Calculator

Thiz window helpz you ta define the context af yaur thermadynamic caloulator

=101 %]

\':

Modifications

K7 ndo

T Redo

&l

m Calculate

Mame

Comments ;

Source type

Clazz D :

Container

Marme :

\

Click on “Select a CAPE-
— OPEN package

4‘!} Tt

Select CAPE-OPEN

Ok

Cahcel |

s |
wpertl
i

CO-LaN
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+ Selection of a CAPE-OPEN Thermodynamic Property Package - II:IliI

CAPE-OPEN

Thig window allows bo zelect a CAPE-OPEM
Thermodynamic Property Package.

AspenTech Thermo System

Drouble-cl

gl PPINDISS1 30405 MFL
= E HyCOPropSys. CPropSys
ﬁ COPropPack. CPropPack.
@@ HDAPPack HDAPack
ﬁ HyHDAPPack. HypHDAPFa
- COPropertySyztem Class

ﬁ Drefauilt
ﬁ Hecoas

- AP121

-~ EssaitP121
- gPROMS1ZINEW
AszpenTech COMTherm

Name of Property Package to

COPropertySystem Clas b
e used
E Validate
- gPROMS1Z J
ﬁ Hegas ll
7 Sinae pokars o 61 A Select Cancel | 15

5 CO'LaN




w Thermodynamic calculator editor

Calculator actions and properties

ﬁ Show the package manager...

ﬁ Import a package. ..
ﬂ Build a package. ..
ﬁ Select a CAPE-OPEMN package

Calculator

Thig vandow helps you to define the contest of your thermodynamic calculator

I odifications

7 Undo

Cd Redo

Services

m Calculate

MHarme

Comments :

Saurce lype |I:I:I Thermodynamic system

Class D : | {B4F1E28B-1233-433F-9FD7-80'399C 404511}
Cantainer : |I:D PropertySystem Clazs

Mame : |Simple

= ]
@/- Details

Access to

Property Package

details

=0l x|

(]'3 Cancel |

gl

|
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=
FXE CAPE-OPEN
Thig window dizplays zome information about a CAPE-OFPEM Thermodenamic Froperty Package
URL Vendor:  hitpedAwse azpentech. com
URL Help: £hones
Mame |<not implemented:
Description |<nat implemented:
ClazzlD [{B4F1628B-1233-433F-9FD7-30999C 404511}
ProglD |&TCOProperties. COPropertySystern. 3
InProcServer32 |C:AProgram Files\AszpenT echbaPrSpstem 20045E nging'»eqhatcoproperties. dll
Short description [Aspen Properties 13,1
Full description |AspenTech CAPE-OPEN Therma System ;I
Yersion |<nones CAPE-OPEM version |1.0.0
dbout |AspenTech Lid :I
Titan Housge, LI
Compounds list Froperties lizt Phases lizt
WATER / 7732-185 / H20 = | [fugacityCosfficient i’ Wapor -]
ETHAMOL / B4-17-5 / C2HED-2 enthalpy Ligquid
BEMZEME / 71-43-2 / CEHE entropy Overall
TOLUEME /#108-88-3 / C7HE gibbzFreek nergy L2
gibbsFreek nergy. Dtemperature " aporLiquid
gibbzFreek nergy. Dpressure LiquidLinuid _I

EXit thiS WindOWﬁ 7| |abbsFreeEnergy. Dmalfraction 7|
_—




w Thermodynamic calculator editor

Calculator actions and properties

ﬁ Show the package manager...

ﬁ Import a package. ..
ﬂ Build a package. ..
ﬁ Select a CAPE-OPEMN package

Calculator

Thig vandow helps you to define the contest of your thermodynamic calculator

=0l x|

I odifications

7 Undo

Cd Redo

Services

m Calculate

MHarme

Comments :

Saurce lype

Clags 1D :

Container :

Mame

Validate and

return to MatLab

|I:I:I Thermodynamic system

| {B4F1628B-1233-433F-9FD 7-60:999C 404811}

| COPropertySystem Clazs

|Simple

= .
@/- Details

_

Ok

Cancel |
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Preparation.txt THT File
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Component based environments:

° Software interoperability
« Fundamental architecture choice

o Software interchangeability
« CAPE-OPEN standard

2 Quality improvement of studies run
« Choice of the best component for a given case

2 Reduction of development time (costs)
* A judicious assembly

> Best productivity for
 End-users..
* ... and developers

o |
T

-
b£d




Cheaper, better and faster design, operation and control of processes

Plug-and-play
o Ability to seamlessly integrate a component from the library of
foreign objects (unit operations, thermo models, solvers etc.).

o Ability to seamlessly integrate in-house proprietary
components in commercial environments.
Niche software

o Ability to link specific niche modules to the simulators. Small
and niche software vendors will provide CO-compliant
components.

Return On Investment

2 Individual studies will cost less because of the technical

advantages of being able to mix-and-match.

2 Plug-and-play capacity will stimulate the market and create new
opportunities.

12
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