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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?

e ——
Simulation environment process space TN
overall process model
| I .
1 [ CAPE-OPEN interfaces
built-in user unit operation
unit operations (non CAPE-OPEN) 31 party unit
operations
(CAPE-OPEN)
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Why CAPE-OPEN?

« Use of multiple simulation software in company
« VValidation of simulation results
e Bargaining position with respect to simulation vendor

 Model distribution
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CAPE-OPEN: what Is involved?

' O ICapeldentification
——O ICapeUtilties
—O ICapeUnit

—CO ICapeUnitReport
—O Error interfaces

—
Port coIIectic‘)/ Parameter collection
) )

Unit Operation

- O ICapeldentification - O ICapeldentification
——(O ICapecCollection ——O ICapeCollection
—O Error interfaces —CO Error interfaces

— —

Ports Parameters
A 4 (_V

; \ ; Y—CO ICapeldentification
L O ICapeldentification —O |CapeParameter
- O ICapeUnitPort ——(O |CapeParameterSpec

\ O Error interfaces \| ——O |CapeTYPEParameterSpec

— O Error interfaces
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CAPE-OPEN: what Is involved?

Material stream, version 1.0 Energy or information stream
) )
O |Capeldentification O |Capeldentification
——(O ICapeThermoMaterialObject ——CO ICapeCaollection
—O Error interfaces —O Error interfaces
— —
Material stream, version 1.1 Parameters
0 . . (_v
:g :gzgz!gﬁenrtrl:\lga[zgrial ’i_() ICapeldentification
—(O ICapeParameter
—O ICapeThermoCompounds O ICapeParameterSpec
—O ICapeThermoPhases L ICapeTYPEParameterSpec
—CO ICapeThermoPropertyRoutine \&JQ Error interfaces
—CO ICapeThermoEquilibriumRoutine
—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

e All in an efficient manner

A shortcut to model prototyping and testing is welcome
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Two-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:

e Matlab

or Scilab: script based

* Interactive or batch script processing

 Load third party thermodynamics

e Access to:

Compounds and compound data

P
T
T

nases and phase descriptions

nermodynamic property calculations

nermodynamic equilibrium (Flash) calculations
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handle= capeOpenGetPackage ...
(‘Multiflash Property Package Manager','WATER-N-BUTA NOL");

frac=(0:0.01:1)";
X=[frac 1-frac];
P=[1le3:1e3:1e4];
tbub=[];

tdew=[];

for p=P
tbub=[tbub capeOpenEquilibriumProp (handle,'temperature’, ...
X,'pressure’,p,'vaporFraction',0)];
tdew=[tdew capeOpenEquilibriumProp (handle,'temperature o
X,'pressure’, p,'vaporFraction',1)];

end;
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Implementation as a Unit Operation:

I_Matlab CAPE-OPEN Unit Operation: |
Farts | F'arametersl Hepnrtsl Matlal:ul Additional filesl Abaut I
Feed ports: Froduct ports:
EE | 11| Connected to | M ame | 11| Connected to |
Heactar feed 1 Feed Matlab Reactar product 1 Product Matlab
Add | Hemowe | &dd Hemove
Save model | Load model | Help
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Implementation as a Unit Operation:

I_Matlab CAPE-OPEN Unit Operation: |
Portz  Parameters |Hepnrt3| Matlal:ul Additional filesl Abaut I
EE Type | Direction | Walue Defaulk | Min | Max | Unit of measure
Prezzure drop Real  Input 1] 1] kg /m/sd
Reactor volurme  Real  Input 0.03025 1] ma3
Add | Hemove | Edlit | Hename
Save model | Load model | Help |
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Implementation as a Unit Operation:

ii_Matlab CAPE-OPEN Unit Operation: El

Farts I Parameters  Reports | Matlal:ul Sdditional filesl Shout I

Report: IR ETE RN

Mnit operation ha= not wvet been run. . MHATLAB output: -
comp_ount =

4

vaporPhaseName =

'"Vapor'

wvol = o

0.0902

Add | Bemove |

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

ii_Matlab CAPE-OPEN Unit Operation: El

Forts I F'arametersl Reportz  Matlab |.-'-‘-.|:I|:|iti|:|r'|a| filesl Abaut I

Matlab zcript info level: Idefault echo il

%Thi= 1= an examnple of an adiabatic CSTE, performing -
“reaction: Ethvlene + Hydrogen - Ethane

PN

The underlying thermo system must include the three compounds. an
expo=ze CASHegisztrvHumber, enthalpyF and wvolume

#“we presume the reaction talkes= place in the wapor phase

“the=ze we will need in our goal function
global flow indexEthane indexEthylene indexHvydrogen stoi_Ethane =t

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

“z=tolchiometry

=toi_Ethane=1;
=ztol_Ethylene=-1;

=toi_Hvdrogen=-1; -
L b
S cript | Output |

Test | Edt |

Save model | Load model | Help | Cloze
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Excel based Unit Operation:

@J File Edit \View Inserk  Format  Tools Data  Window  Help  Process Models Twpe a question For |

NTSHRIGRITH % R@R-F 90 =450 0%

Ao E S a8 s S| . = | ¥# Reply with Changes... End Review... ! Az ab| [t| a
BE! b fe JH704 0277218467
A —B8 | C D E G H
L /( T F H flo mole fractions
Name [k] [Fa] [Jfrmal] [malfs] hWethane Ethane
3 |Cold inlet J00 100000 46 6S5d456 100 0.5 0.5
4 |Hot inlet ald 1EIDDDDI HBFDI‘,.DH! 200 0.1 0.4
: \
Fd
g
5
10
11
12
13
14
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Excel based Unit Operation:

@J File Edit Miew Insett  Formak  Tools Daka  Window  Help  Process Models Tywpe a queskion For b

TSHRERAITE % DREA-F -0 Q-4 5 0% -

AR E DA S S = | ¥¥ Reply with Changes... End Review... ! Az ab| [t| a
[14 - # =feedslDd-calculations!E15/E4
A == ] C | D | E | T G H
1 /( T F H flow muale fractions
ame [K] [Fa] [Jirmal] [malfs] hWethane Ethane
3 [Cold outlet 00000 234149 100 0.5 0.5
4 |Hot outlet 1DDDDDI EBD“IEIEE! 200 0.1 0.9
IéiL\
Fi
g
=
10
11
12
13
14
15
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Excel based Unit Operation:
=

@J File Edit Wiew Insert Format Tools Data  Window Help  Process Models Type a question For help =

1EHdRIRQIVE | & L@R-F9-0-(@ -2 5[l )10 -@F

B e I S | & = (= eply with Changes... End Review... H Ag ab| | [] = | 4 E

07 - =capeOverallProperty(’pnthalpy”, temperature” B7 "pressure” feedsIC3 feedsIF3G3)
A B D E F (5 H |

1 T/k] mal’s] hi[¥mol]  Hs]

2 |Cold inlet 400 100 4b B840 4665 4356

d |Hot inlet ao0 2000 39704.03 0 7940806

4

5 | Temperature guess b33.3333333

b |limiting temperature  B31.5370022

{ |Cold outlet limit bE1. 8370622 1DD| 23414.9! 2341430 =olver model

8 |Hot outlet limit bo1.6370622 2000 2801992 SR055954 FALSE

=) 1

10 |Heat duty cold 2336522 1010

11 |Heat duty hot 23300

12 |Difference -1.8E-07

13

14 |Efficiency 1

15 |Heat transferred 233082

16

17
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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

Examples are available online and in help

http://www.amsterchem.com/



amstercHEM 2o

tailor-made engineering software so

Download COCO: http://www.cocosimulator.org/

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

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

‘“vii_fn_w;**“f”

HTRI

Xchanger Suite ~ EPAWAR/
ChemSep 6.24 5.0 NET libraries
TUV-NEL

COMSOL gPROI\/IS 313 PPDSv4.1.0.0

Multiphysics 3.5

- Invensys:
€ SIMSCI-ESSCOR
| ProSIm .
Cosmo Logic Simsci-Esscor
Cosmo Therm ProSimPlus 2.1 Pro/ll 8.3
/ Simulis 1.3

C21

h TN
i oFSolidSim

Addmg solids to the flowsheet

VGThermo

SolidSim 1.1 VMG Thermo
5.0
I...- )
O )
AixCAPE
Props 1.0 Fluent 6.3.26
APECS
4 E’ Scim
DIGITEO
Infochem Scilab 5.1.1
Multiflash 3.8



