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CAPE-OPEN to CAPE-OPEN (COCO):

Simulation environment (COFE)

Thermodynamic property package (TEA)

Collection of unit operations (COUS)

Reaction package (CORN)
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COFE: CAPE-OPEN Flowsheeting Environment

[g Fle Edt Flowshest Plot Miew Window Help =13
GUI:

DEEE|+ 2R g ) 2| vdat | r P&

e Graphical flowsheet editing

« Compact display of streams

 Quick access to CO objects

 Property graphing & printing

« Extensive help

Flowsheeting:

 Steady state

 Solution by tearing algorithm

« Multiple material templates
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COFE: CAPE-OPEN Flowsheeting Engine

GUI:

m File Edt Fowsheet Plot Wiew Window Help _|ﬁ||ﬂ

. .. Dﬁuﬁ|%ﬁlﬂ’0”vde¥auh |.|"|-&E|
* Graphical flowsheet editing R R R TR RN

.C m td I f t m L
O paC IS a‘ O S rea‘ S S
BN [ Streams: M [=] 3
. . | name [ 18 [ 24 IS [wnit [ =
. Kk to CO object S
Quick access to objects | L St
_____ I Connections
s Owerall
Dressure 345 vz 345 bar
r r r . n r n . n termperature 563 B2E.223122706 £34.354331006  °C
° P p ty g ph g & p t g mass fraction [Hydroger] 00510137629039  00593032390137  0.0510137629039 -
0 e a I I I mass fraction [Methane] 0468542194015 0401457803934 0468542134015
mazs fraction [Benzens] 0341639282354 0.0257124834695 0341839282354
~ | o |mass fraction [Toluene] 012837382421 0513435322974 012837382421 -
. - Imass fraction [Bipherwl] 0.0104309365128  1.135753997 27006 0.0104309365128 -
[ E t h I o o 0.EE83EE966934 0. EE83EE97 2552 0.BB836696E934  kmol / 2
X e n S Ive e ..... i 165710452951 165710473049 165710452951 g/ mal
© o000 = Phasge Fractions |
----- mass phazeFraction [vapor] 1 1 1 -
. ©o e Wapor composition |
I:I OW S h eet I n | mass fraction [Hpdrogen] 0.0510137629035 0055330323901 37 0.0510137629039
" © o0 Imass fraction [Methane] 0468542194015 0401457803934 0468542134015
----- mazs fraction [Benzens] 0341639282354 0.0257124834695 0341839282354
Co0 0 mass fraction [T oluene] 012837382421 0513435322974 012837382421 I
----- mass fraction [Bipheryl] 0.0104309365128  1.135753997 27006 0.0104309365128 - |
[ ] St dy t t ST Dveral properties
ea’ S a e ----- s __Wapor properties |
Lo density 490.428519469 49113376228 451.989859126  mal / e J
LI enthalpy 27839 4647547 32501.9383253 32501.9392134 J 4 mal
= . - fugacity[Hydrogen] 146487729221 183506651781 146253583357 bar
° SOI ut|0n by tearl ng algorlthl | | Restor [HasciMethane] 1E.8901675706  15.617733404% 168877408437 bar i
fugacity[Benzene] 2 B2370436322 0.205935576252 25364950659 bar
Loade fugacity[Talusne] 0.807E8403995 3. 50ERE223605 081208609286 bar LI
[ Mol fractions

* Multiple material templates

Ready [
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COFE: CAPE-OPEN Flowsheeting Engine

GUI:
. [¢ Fle Edt Flowshest Plot View Window Help == x|
_ - D& BR[| vt | rF| &
 Graphical flowsheet editing e —

|1 Staus Edt | Ports | infa | SEEEERERRS

. P aramel ter Walue Upat
« Compact display of streams | Iz I | | ST
- | sothermal FALSE Ce
© 0 [Temperature 907.514391006 K : 4‘@
— Heat duty i} i O

° Quick access to CO ObjeCtS LUse hea of rsaction TRUE R

* Property graphing & printing _‘
| § I || FEEESS .
¢ ExtenS|Ve help ’1" Mame | Fiepart Operation | Rigastions | About | Pors |

Show GUI |
FIOWSheetlng S S

..................... [ lzathermal

:

Pressure drop: Pa

..................... Temparature:  [307.514331005 K

'SteadyState SEEEEEEEEEEEERRRRES Heatduy: |0 dis

..................... ~ Use heat of reaction

[T

hd SOIUtlon by tearlng algorlthm Restoring flowsheet from | -

Loaded h36.fsd

* Multiple material templates
e T
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~

COFE: CAPE-OPEN Flowsheeting Engine

GUI:

E File Edt Fowsheet Plot Wiew Window Help _|5’|5|

D&% BR[ P Z|vdar | r 0| & EF

 Graphical flowsheet editing
] &
« Compact display of streams
 Quick access to CO objects
i [
L4 O
@
. *E 400
« Extensive help H »
3
Flowsheeting:
General Emors | Appearance | Froperty | Conditions |
Serieg Emore / Warnings at last calculation:
- Steady state e e b e e
message: TEA CalcProp erar when calculating bubblePaointT emp
message: TEA CalcProp eror when calculating bubblePointT emp E—+—@BubbleFPointTemperature, stream 12"
- - - e e || oo soen-z
b SOIUtlon by tearl ng algorlthm [T:;f;g:-sage repaeatedp'l time) : ’
Ak mole fraction of 0.958333:Failed to calculate overall bubbleP oir
meszage; TEA CalcProp erar when calculating bubblePaintT emp T T
. . if-‘«t mole fraction of 1:Failed ta calculate overall bubblePaintT empe 0.5 i
 Multiple material templates 0 o [for racton spneny
Delete | oK I Cancel | ’_ v
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GUI:

 Graphical flowsheet editing

Compact display of streams

Quick access to CO objects

Property graphing & printing

Extensive help
Flowsheeting:

» Steady state

« Solution by tearing algorithm

* Multiple material templates

COFE: CAPE-OPEN Flow:

" Contents Ilﬂdex |

Restoring
Loaded h

Hide

COCO Simulation environment

e & O

Back Print  Options

IS [=] B3

= &5 COFE

B 23 TEA

B £3 COUS

|81 coco N

[l &9 Fowshesting
(23 Fowshest corfiguration
Streams
@ Unit operations
[£] Connecting unit operations
@ Colors and status
@ Selecting streams and unit ¢
@ Solving the flowsheet
@ Stream display
@ Flowsheet log
@ Flowsheet printing

@ Property packs and property pa

El £3 Compounds
Interaction parameters
@ Group cortribution data

[El £3 Property calculations

=l 23 Eguations of state

@ Ideal gas law

@ Virial equations of state

@ Cubic equations of state
[E] Activity
Bubble and dew poirts
Density, volume and compre
Entropy
Fugacity
Gibbs free energy
Hezat capacity
Heat of vaporization
Surface tension
Themal conductivity
apor pressure
Viscosity
3 Symbals
@ Equilibrium Calculations
@ Property pack options

@ Compound splitter =
Compressar

[£] Expander

[£] Fxed corversion reactor

[£] Fiash
[£] Heater / Cooler
Heat exchanger

2] Micer _'L|
<I I »

Enthalpy

Ideal

In this model the enthalpy is computed from the ideal zas
contribution:

T
H, =YX, (HLT,_, +f Cp’icﬂ")
i Tras

For liquids, the latent heat of vaporization is subtracted from the
ideal gas contribution:

Hé‘i = Hil; - Z XiAvap,i

Excess

This model includes the ideal enthalpy as above. In addition to
that, excess enthalpy is included:

H :Hid, +He::

EOS

This model includes the ideal vapor enthalpy as above. In
addition to that, the temperature derivative of the fugacity
coefficients from the selected equation of state is substracted
from the ideal part

Bin(4;)

H=Hj - RT?y X,——*
- or

Pressure and temperature derivatives are determined by
perturbation.

Depending on the selected calculation option, composition I
detivates are either approximate, or determined by perturbation.

Overall

The overall enthalpy can be caleulated from summation over the ;I

Ready

Tz
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COFE: CAPE-OPEN Flowsheeting Engine

:
GUI [¢ Fle Edt Fowshest Plot View Window Heip =18 x|

DEE& 4 2R D ) 2 e | rE &

 Graphical flowsheet editing

« Compact display of streams

 Quick access to CO objects

 Property graphing & printing

« Extensive help

Flowsheeting:

« Steady state

» Solution by tearing algorithm

* Multiple material templates
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 Pure compound data library
(extendible, or use DIPPR)

» 100+ Property calculation methods
(> 25 different properties)

* Property derivatives
» Support of external property

calculation routines
(ICapeThermoCalculationRoutines)

\ TEA: Thermodynamics for Engineering Applications

% Property pack definition: X
Property Calculations | Interaction Parameters I Group Contributions
General Compounds E quilibrium I External Routines
Narne | Farmla | b | cas ficdd
Hydrogen H2 201588 1333-74-0
tethane CH4 16.0428 74-82-8 [elete |
Benzene CEHE TRI13E 71-43-2
Toluene CyHE 921405 103-88-3 Edit |
Bipheryl C12H10 1584211 32524
U
[EO I
— PCD File:
I C:\Program Files\COCOYdatatDefaultComponentLib. ped Erowse |
— Compound selection:
Ham | Formula | ol Wieight | CAS |;|
Air 28.9505 132253100 —
Argon &r 39.948 7440-371
P I Bromine Br2 159.508 7726-95-6
Carbon tetrachlond CCl4 153.822 BE6-23-5
Carbon monoside co 28.0104 E30-08-0
Help Carbon dioxide coz 44,0035 124-38-9
— Carbon disuliide Cs2 76,143 78150
FPhozgene Cociz 98.9158 75-44-5
Trichloroacetyl chloride C20CH 181.832 7E-02-8
Hydrogen chlaride HCI 364606 FE47-01-0
Chlorine Ciz 70.9054 7752-50-5
Hydrogen iodide HI 127912 10034-85-2 =
Hydrnman ] 2 MEe 1292740
] b
Filter by: I

.

Cancel |

Thermodynamic models and compounds from ChemSep
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\ TEA: Thermodynamics for Engineering Applications

General | Compounds I E quilibriurn I External Routines
® P u re CO m po u n d d ata | i b rary Property Calculations | Interaction Parameters I Group Contributions
. Property | Owerall | Wapar | Liquid | 5. |
Equation of stat Peng Robi [FR] N/ MNA&
(extendible, or use DIPPR) ST owe o we T Weew s
bubblePointTemperature WLE M M Mia
denszity [REr EOS Armagat [ideal] M/
density/volume [pure) [REr EOS Yen and Woods M/
| I . h dewPointT emperaturs WLE [REr MAA M/
[ ] d thal SumOfFPh EDS |deal+E MAA
100+ Property calculation methods =
> 2 5 d I ff e r e n t ro e rt I eS nfar:c:es_sEnthalpy H::i Eéﬁ; Ernm activil}l coe;:@c@ent mji
ugacit ram activity cosfficient
( p p ) fugacilﬁEoefficient [REr EOS Frarm activilﬁ coefficient  M/A
heatO Ry aparization [REr [REr Pitzer M/
logFugaciyCoefficient M ECS From activity cosfficient NAA
waporPreszure M M Antoine Mia
* Property derivatives _
comprezzibilitgF actor ;I | ok I Eeklpresey | Dbtz propety |
i dng‘nian‘ressure J |
gibbsFreeEnergy Cancel Ok Cancel
- Support of external property o P e | '

idealEasE nthalpy
. . surfaceT ension

faceT ensi
calculation routines kg
thermalConductivity [pure)

(ICapeThermoCalculationRoutines) ooy -]

Thermodynamic models and compounds from ChemSep
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\ TEA: Thermodynamics for Engineering Applications

B Aowsheet configuration: x|
o P u re CO m po u n d d a‘ta | i b rary F'_rog:rty.packs I Fi.eac:lion paFk§ I Compounds  Properties | td aterial types I Salve Options I
emical / physical properties;
T Name | Sho.. | Sho.. | Sho.. | 5..] Uni | -
(eXte n d I b I e y Or u Se D I P P R) bubblePointT emperature Misture Mo No No *C
denzity Mo Misture  Migture Mo mol / mf
denzity, DmolFraction Mo Mo Mo Mo mol / né
denzity, Dprezsure Mo Mo Mo Mo mol / Pane
. densit_l,J:Dtemperature Np Mo Mo Mo mol /o K
* 100+ Property calculation methods || eems e Mo Mo o 1/l
. . enthalpy. DmolFraction Mo Mo Mo Mo 1/ mol
(> 25 dlﬁerent propertleS) enthalpy.Dpressure Mo Mo Mo Mo J/Pamol
enthalpy. Dtemperature Mo Mo Mo Mo 1/ molk
I M bist bist Mo J/mol K
erirops DmafFraction Ne Mo N Mo JimalK
entropy. D prezsure Mo Mo Mo Mo 1/ Pamal K
. . tropy. Dt I M M M Mo J ./ mol k2
L4 P r O p e rty d e r I V at I V eS Fung[ancl:ili FRmEE NE Mii::-:ture Mii::-:ture NE I:ualmD
fugacity. DimolFraction Mo Mo Mo Mo bar |
f itw. D M M M Mo -
fugacity, Diemperature Ne MNe Mo Ho Pa/k
fugaciyCoefficient Mo Misture  Migture Mo -
f itnCoefficient, DimalFract M M M Mo -
» Support of external property o D Mo N Mo Mo 1/Ps
. . fugacit_l,JCneff_icie_nt.Dtemperature Mo Mo Np Mo 1/K
calculation routines eaOopoizsion Mo Mto  Muo No J/md -]

(ICapeThermoCalculationRoutines)

Thermodynamic models and compounds from ChemSep
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\ TEA: Thermodynamics for Engineering Applications

. Froperty Calculations Interaction Parameters Group Contributions |
e Pure compou nd data ||brary Generd | Compounds Equilibrium ExternalfHoutines E
(extendible, or use DIPPR)
Edi
» 100+ Property calculation methods [
(> 25 different properties)
Import calculation routine: |
. . Mame | CLSID | Drescription :
PY Property derlvatlves CozmaTherm {CBABT134-4D58-4...  CosmoTherm GaAMMA, caloulation
e Support of external property | G |
calculation routines
(ICapeThermoCalculationRoutines)
1| | 2
About [ o ] canca |

Thermodynamic models and compounds from ChemSep
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COUS-COUS: Simple unit operations

£ Select Unit Operation: N [=] B3
ChemSepU0
Compressor

Expander
FixedConversionReactor
Flash

HeaterCooler
HeatExchanger
HYP/Mixer-5plitter
Mixer

MixMSplit 12

NoOperation

PropertyT ester

Pump

Sphitter

Turbine

Yalve

About | ak. I Cancel

* General purpose unit operations
(mixer, splitter, heat exchanger...)

* Property tester for
thermodynamic properties

* Distillation column of ChemSep LITE
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\ COUS-COUS: Simple unit operations

« General purpose unit operations
(mixer, splitter, heat exchanger...)

Compound5 plitter ﬂ
Compressor

Expander

FixedConversionReactor

Flash

HeaterCooler

HeatE xchanger

HYP/Mixer-5plitter

Mixer

+ biM S plit 12

42t MoOperation

{ e CapeMersion = 1.0

[ TS Componenterzion = 1.0 —

* Property tester for
thermodynamic properties

«+= Degoription = Test evaluates all available

» Distillation column of ChemSep LITE R il oy

I I:LSID={9050EF49-13FF-4CD4-Bﬁ3f|ﬂ
e i

About Ok Cancel
| | |
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File Edit Bun Analysis Databanks Tools Help

« General purpo
(mixer, splitter

* Property tester
thermodynamig

* Distillation co

Dle|d|E]c]
;-’ Title o Tie
S e; Eﬂi!?tso pe rE&tEl Im&furmatiun [optional]
, Hé’/am?ﬁd?s&h éﬁg@ﬁeik:\ﬁ)'\ChEmSEpW sep
+ Reactions Title:
+ Feeds [COCD test uni

—+f Specifications

fo F,-‘/'f-‘malysis Camments:

_ «+f Flazh spEcE
> properties

Inits
Solve options

lUthn of ChemSep LITE

o

COUS-COUS: Simple unit operations
S(=TE

M C e\ CONChemSep*fll sep
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‘§ CORN: CAPE-OPEN Reaction Numerics

e Currently the only reaction
package manager around

Delete

Rename...
£ Descripkion...
Edit | wiew streams. ..

..... Insert unit operakion. ..

 Kinetic and equilibrium reactions Edit it operation,.,

« Formula interpreter for rates,
equilibrium constants, and
heats of reaction

« COFE and COUS support
reaction packages, i.e. CORN
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 Currently the only reaction
package manager around

 Kinetic and equilibrium reactions

« Formula interpreter for rates,
equilibrium constants, and
heats of reaction

« COFE and COUS support
reaction packages, i.e. CORN

- Reaction;

CORN: CAPE-OPEN Reaction Numerics

Descriptian. ..

Edit | wiew streams. ..

] Generall Compounds  Reactions |

— Reaction properties:

; Stoichiometry | Compound
] ran -1 Toluene
-1 Hydrogen
1 Benzene
1 tethane
1] Bipherw!

Rate:

Heat of reaction;

Lreate |Eename| Lelete | Phase:

[ Equilibrium Beaction [~ Heterogeneaus

E quilibrium constant: I

|0.001-C(Benzenel CiMethans > |

|2500

I\-"apnl ﬂ

Help |

o |

Cancel |
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 Currently the only reaction
package manager around

* Kinetic and equilibrium reactions

 Formula interpreter for rates,
equilibrium constants, and
heats of reaction

« COFE and COUS support
reaction packages, i.e. CORN

CORN: CAPE-OPEN Reaction Numerics

Descriptian. ..

Edit | wiew streams. ..

] Generall Compounds  Reactions |

- Reaction: — Reaction properties:

; Stoichiometry | Compound
] ran -1 Toluene
-1 Hydrogen
1 Benzene
1 tethane
1] Bipherw!

Rate:

Heat of reaction;

Lreate |Eename| Lelete | Phase:

[ Equilibrium Beaction [~ Heterogeneaus

E quilibrium constant: I

|0.001-C(Benzenel CiMethans > |

|2500

I\-"apnl ﬂ

Help |

ak. I Cancel |
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 Currently the only reaction
package manager around

* Kinetic and equilibrium reactions
« Formula interpreter for rates,

equilibrium constants, and
heats of reaction

« COFE and COUS support
reaction packages, i.e. CORN

' ‘§ CORN: CAPE-OPEN Reaction Numerics

Delete

Rename...
Descriptian. ..

Edit | wiew streams. ..

Insert unit operakion. ..

Edit unit operation. ..

i [=] B3

+]-45k Expander ;I
- FixedConversionHeactor

. e LCapeVersion=1.0 J
----- =+ Componenttergion = 1.0

: ~=+= Description = Reactor for a single react

i e WendorlBL = hittp:dAview, amsterchem
i s CLSID = {6030DF4B9-4F28-4700-A458-

w43k Flash d
4| | »
About | Ok I Cancel |
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# COFE - [h53J fad]
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Thermodynamics Interoperability tests:

TEAY | Aspenthermo | Simulis
COFE \Vgl v ><? \Vgl
Aspen Plus \Yel
Pro/Il > 7
Simulis \Yel

1) TEAis currently the only support for

|CapeThermoCalculationRoutines (e.g. CosmoTherm)
2) Equilibrium calculations ok, properties fail. Problem

with compound IDs, being looked into by Aspen

3) Problem with resolving compound IDs inside Pro/ll
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Unit-operation Interoperability tests:

COUS ChemSep | Aspen Mixer
COFE \Vel \Vgl >V
Aspen Plus | {~ ><?
Pro/ v <P

1) Overall enthalpy calculations fail

2) Enthalpy is requested without calcType (mixture or

pure)

3) Equilibrium calculations fail for specified enthalpy
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Slide 23
e — aspenONE - [Process Howsheet Wi =il
Bl Simu1.c0m P NESE Hem Wandexl [l Simu1.apw - Aspen Plus 2004.1 - aspenONE - [Block B1 (Hash3) Stream Results - Data Browser] O] ]
| Fle Edt View Data Tools Bun Plot Library Window Help _|ﬁ||1|

@ File Edit View Data Tools Run Flowsheet Library Window Help

4 EB=lpm| w2l 00 = I T T e e R e e L [N ]
D|=(E| Sl (@l 2| S [ Dlsl@| sl =l x|l | idl¢| &% ele] W] IEIREREEENE
| al@|E |2 DA

e —
rljﬂ:l# GridIU.'l I .I-..I llﬁlr‘)l I l‘T’HC"H | Stream Results j I%jg I j <2='|-b| ﬁ“AII 'lﬁl l_l|@| gl BI
[]""E Setup M aterial | He&t | Liead | ol urves | i S BT ES: | Eetra, Eunves | Ealy, Eurnves
E-{3 Components
H-{3# Properies
E-{3 Fowshest L lﬁ
G @A Streams Dizplay: n Format: |FLILL Stream Tablel
. ------ £ tilities
2 =
- =8 R S R -
! WATER .Fo0aooa oo 2134422 4865578 ;I
nput
Heurves M-EU-1 .3000000 oo .2793066 0206934
@ a Dynamic Total Flow kmal/sec 1.000000 oo 4927488 5072512
III g';::nsmm”s Total Flow ka/sec 464754 ] 7454521 10.23933
ED Variables Tatal Flaw cumdsec (0365687 0.0 0301741 010802
= EO Input Temperature K 3331500 3331500 3331500
g":c Groups Fressuie M/sqm 1.0000CE+5  |1.00000E+5  [1.0DO0CE+5  [1.00000E+G ||
orts
. Stream Results apor Frac oo 0o 0o
E-{Z] Reactions Liquid Frac 1.000000 1.000000 1.000000
- Convergance Gold Frac o0 o0 o0
BE-{Z] Fowshesting Options
-0 Model Anaysis Toos Enthalpy J7kmol A TETTET GOMTE 20534048
H-{3 EO Corfiguration Enthalpy J kg -1.1941E+E 6. 111EE+E -1.4053E+7
-3 Results Summary Enthalpy Watt A TETIE+T TEO0E+E  [1.4474E+8
LI Entropy J Akmal-K. 1.16881E+5 -3.E77IE+E -1.7179E+5
Mixers/Splitters | Separators I Heat Exchangers I Columng I Reactors Pressure Ch [ty dHig e T 358 IR
Crensity kmal/cum 27.34577 1633015 4577983
— = — = Ad|
- v | [~
Matenal
STRE&AMS I FSplit S5plit
|Hur1ning simulation . |C:\...r1 Docs'\Cosmo_Water_Buta
Hesults Available
Mixzers/Splitters | Separators Heat Exchangers Columnz | Reactors Frezzure Changers I anipulators I Solids 4 I 4

N

I aterial ‘
STREAMS Mixer FSplit

SSplit

|For Help, press F1

|C:\. nDocs'\Cosmo_Water_Butanol Results Available .z
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COCO serves you with:

 CAPE-OPEN based flowsheet solver

« Good interoperability; mix in any unit you like

« All flavors of thermodynamic and physical properties
« Support for external property calculation routines

* The ultimate tester for CAPE-OPEN compatibility
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Still on the stove:

« CAPE-OPEN version 1.1 thermodynamics

» Excel interface to COFE

 Petroleum fractions

« Additional unit operations

« External equilibrium routines (currently disabled)
* In-/export of numeric interfaces
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> Download COCO: http://www.amsterchem.com/
(or ask for a copy during the workshop)

» Contact AmsterCHEM for CAPE-OPEN consulting
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