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Presentation outline

» Why custom models?

» Why CAPE-OPEN?

» What is involved?

» Short-cut: Matlab and Scilab

» Short-cut: Excel Unit Operation

» Current status
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Why CAPE-OPEN?
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Why CAPE-OPEN?

» Use of multiple simulation environment in company
* Validation of simulation results
» Bargaining position with respect to simulation vendor

 Model distribution
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CAPE-OPEN: what is involved?

Unit Operation
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CAPE-OPEN: what is involved?

Material stream, version 1.0 Energy or information stream
) )
IO [Capeldentification (O |Capeldentification
——O ICapeThermoMaterialObject —CO ICapeCollection
——CO Error interfaces —CO Error interfaces
— —
) . . \ 4
|Capeldentification (—
© g , —CO |Capeldentification
——O |CapeThermoMaterial ~ ICapeParameter
—CO ICapeThermoCompounds O ICapeParameterSpec
—CO I|CapeThermoPhases | O ICapeTYPEParameterSpec
—O ICapeThermoPropertyRoutine |~ Erorinterfaces
—CO [CapeThermoEquilibriumRoutine
—CO ICapeThermoUniversalConstant
—O Error interfaces
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CAPE-OPEN: what is involved?

« COM server

* Implementation of the Unit Operation objects

» Deal with CAPE-OPEN interfaces exposed by streams
* Solution routines

* All in an efficient manner

A shortcut to model prototyping and testing is welcome
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wo-step development:

 evaluate our model equations

— We require access to thermodynamics

 evaluate the final process model
— requires running as Unit Operation inside

simulation environment
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Interactive thermodynamic access:
» Matlab or Scilab: script based
* Interactive or batch script processing
* Load third party thermodynamics

* Access to:
s Compounds and compound data
*» Phases and phase descriptions
s Thermodynamic property calculations

* Thermodynamic equilibrium (Flash) calculations
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handle=capeOpenGetPackage ..
("Multiflash Property Package Manager®, "WATER-N-BUTANOL");

frac=(0:0.01:1)";
X=[frac 1-frac];
P=[1e3:1e3:1e4];
tbub=[];
tdew=[];

for p=P

tbub=[tbub capeOpenEquilibriumProp(handle, "temperature”,
X, "pressure”,p, "vaporFraction® ,0)];

tdew=[tdew capeOpenEquilibriumProp(handle, "temperature”,

X, "pressure”, p,"vaporFraction®,1)];

end;
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Implementation as a Unit Operation:

i-Matlab CAPE-DPENM Unit Dperation: x|
Forts | Parametersl Hepurtsl Matlal:ll &dditional filesl Abowt I
Feed ports: Froduct ports:
M ame | 1¢| Connected to | NENE | ﬂ| Connected to |
Reactor feed 1 Feed Matlab Reactor product 1 Product Matlab
&dd Hemowe Add Eemawe
Save model Load model Help
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Implementation as a Unit Operation:

it_Matlab CAPE-OPEN Unit Dperation:

Ports  Farameters | Hepurtsl Matlal:ll &dditional filesl Abowt I

M ame | Tj,lpel Directinnl Y alue | Defaultl Minl Ma:-:l et of measure |
Preszure diop - Real  Input 1] 1] kgdmdsd
Feactar volume Real  [nput 0.09025 1] 3

&dd Hemowe Edit Bename

Save model Load model Help
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Implementation as a Unit Operation:

it_Matlab CAPE-OPEN Unit Dperation: ﬂ

Farts I Parameters  Feports I Matlal:ll Additional filesl About I

Report:  |[{SENE SN[

Unit operation has not vet been run. . MATLAE output: -
comp_ount =

4

wvaporFPhazeHane =

'"Vapor'

vaol =

0.0902

&dd Hemowe

Save model Load model Help Cloze
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Implementation as a Unit Operation:

it_Matlab CAPE-OPEN Unit Dperation: ﬂ

Fuartz I Parametersl Feports  Matlab |.f3.|:||:|itin:unal filesl Abowt I

tatlab zcript info lewel: Idefault echo j

#Thi= 1= an example of an adiabatic C5TE. performing “
#“reaction: Ethvlense + Hydrogen —: Ethane

PP

The underlwving thermo sv=tem must include the threse compound=. an
expo=ze CASHFegisztryNumber, enthalpyF and wvolune

#“we presumne the reaction takes place in the wapor phase

%the=se we will need in our goal function
global flow indexEthane indexEthylene indexHvdrogen s=toi_Ethane =t

CAS Ethane='74-84-0";
CAS Ethylene='74-85-1";
CAS Hydrogen='1333-74-0";

¥=tolchiometrv

stoil_Ethane=1;
=toi_Ethylene=-1:

=tol1_ Hydrogen=-1; -
4 3
Script | Ouitput |

Test Edit

Eavenmdell Lnadnmdell Help | Cloze
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Excel based Unit Operation:

@_] File Edit ‘iew Insert Format Tools Data  Window  Help  Process Models Type a question For t

NEEHR SRITE % RB-F 9 -8 -4 E M 0%

8% S s o S| B S A | ¥ Reply with Changes... End Review. .. ! Aag abl |[[] =
[14 - e 29704 0277215467
A —& | C | D | E T T7——30 H
1 //T = H flowy mole fractions
¥ Name [K] [Fa] [Jimol] [molis]  Mlethane |Ethane
3 |Cald inlet a00 1000000 4s Bedak 100 0.5 0.5
4 |Hot inlet ] 1DDDDDI 39?D4.D3! 200 0.1 0.5
E \
!
g
4
10
11
12
13
14
15
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Excel based Unit Operation:

@_] File Edit ‘jew Insert Faormat Tools Daka  Window Help  Process Models Twpe a queskion for b

NEHR SR TE % RE-F 908 F -4 LS 0 -

B %S 8 | B % [E | ¥ Reply with Changes... End Review... ! Az abl |[[] =
04 o fr =feedslDd-calculations|E15/E4

H

A —F | ¢ | D | E | 77—
//T P H flowy mole fractions
ame [K] [Fa] [Jimol] [molis]  hethane Ethane

Cold outlet o0ooo; 2341449 100 0.5 0.5
Hot outlet “II:II:II:II:II:II EEII:I“IB.BE! 200 0.1 0.9

~_

11
12
13
14
15

Emmwm .n.‘r_u‘v—x
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Excel based Unit Operation:

=
B File Edit  Wew Insert Format  Tools Data  Window Help  Process Models Type a question For help 2
NEHR SQIVE & 2@ - -4] %) ﬂ.q}lnnﬂfnv.@;yag
o I I S | eply with Changes... End Review... E Ag abl |[[[] = | [4 E
O - =capeOverallProperty("gnthalpy” "temperature” BY "pressure” feedslC3 feedslF3:053)
A, B D E F (5 H |
T/K] malis]  hdfmal]  Hjs]
Cold inlet 300 100 4b6.65436 4b6S. 436
Hot inlet 800 2000 39704.03  7H40506

Temperature guess b&3.3333333
limiting temperature bO1.0370622

Cold outlet limit BE1.8378R22 1DD| 23414.9! 2341490 Solver model
Hot outlet lirmit bE1.83780%2%2 2000 2801992 Sk03954 FALSE

1
Heat duty cald 2330521 100
Heat duty hot 23308272
Difference -1.8E-07
Efficiency 1
Heat transferred 233k522

||| || s —
Hmmhmmégmmﬂmmhmm—‘
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Current status:
» Matlab and Scilab Thermo Import utilities

» Matlab and Scilab Unit Operation utilities

» Excel Unit Operation utility

» Available free-of-charge for non-commercial use
» All use CAPE-OPEN thermo version 1.1

» Thermo tested with TEA / Multiflash / Simulis

» Unit operations tested in COFE / ProSimPlus

» Example are available online and in help

> http://www.amsterchem.com/
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> Download COCO: http://www.cocosimulator.org/

» Forum: http://capeopen.19.forumer.com/

» Interoperability testing program:
http://www.cocosimulator.org/index_compliancy.html
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SolidSim

Adding solids to the flowsheet

SolidSim 1.1 VMGThermo
Xchanger Suite EPAWAR/ onasim 2. VMG Thermo
ChemSep 6.24 NET libraries
PROMIS ’ O)
nel "
l TUV-NEL AXCADS Fluent 6.3.26
COMSOL PPDS v4.1.00 L opsiO >
Multiphysics 3.5 gPROMS 3.1.3 APECS
SIHSBI-ESSGIIII" S C1 m
CosmolLogic PrOS]m Simsci-Esscor D_lGITEO
CosmoTherm ProSimPlus 2.1 Pro/ll 8.3 Infochem Scilab 5.1.1
/ Simulis 1.3 Multiflash 3.8
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