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» What is CAPE-OPEN?

» Setting up thermodynamic property packages with TEA
» Setting up flowsheets with COFE

» Using ChemSep in COFE

» Advanced flowsheeting features
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Introduction to COCO:

i"‘ﬁ Simulation environment (COFE)

. Thermodynamic property package (TEA)

Collection of unit operations (COUSCOUS)

@ Reaction package (CORN)

.. and utilities
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Flowsheeting engines

/\

Dynamic

Steady state

Flowsheeting engines

/\

Equation based

Modular

/\

Sequential

Non-sequential
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built-in
sub models

overall process model

|

3rd party sub
models
(CAPE-OPEN)

user sub models
(non CAPE-OPEN)
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3rd party sub
models
(CAPE-OPEN)
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Modeling Separation
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Simulation environment process space

() overall process model (COFE)

Thermo models

Unit operation models

‘ ) TEA

I

3rd party thermo
models
(CAPE-OPEN)

3rd party unit
models
(CAPE-OPEN)

3rd party thermo

models
(CAPE-OPEN)

e)COUSCOUS

Reactionfmodels

“.) CORN

; g - ChemSep

3
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\ COFE: CAPE-OPEN Flowsheeting Environment

» Breaking recycles by automatic tearing

» Solving recycles by hybrid Newton / Wegstein
approach, using reparameterization

» Support for multiple material types, with selection for
thermo and sub-set of compounds

» Material, energy and information streams
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‘ TEA: Thermodynamics for Engineering Applications

% Property pack definition: 5[

e Pure Compound data |ibrary Eac:ag: Mode Configure - Help
(extendible, or use DIPPR) Descpten |

Model zet: I Cuztarn ﬂ

Compounds:
Hydragen Add

» 100+ Property calculation methods |&=: |
(25+ different properties) B . x

— PCD File:

c:hwwerk\COMCOCOMbin\datatChemSepl . ped PCD Managerl Erowsze |
= = — Compound selection:
b P r 0 p e rty d er I Vat I VeS Formula | MHame | ol "+ eight | Cas | Default name |;|
<M Ad Air 28.96 1322831, Air —
By Argon 39,948 7440-371 Argon
Br2 Bromine 169.808 7726-956  Bromine
CCl4 Carbon tetrachloride 163,822 5E6-23-5 Carbon tetrachlorid
e S t of ext | t D02 Cabndoie 005 124389  Cabondoide
upport of external property R AR R S
. - CCl20 Phosgene 98,9161 75-44-R Phosgene
calculation routines and external ——— |@®  jgheeees e ens s
I . ci2 Chlorine o 70,908 7782505 Chlorine
equi librium servers i [ihosen e i wmn Laen o)
Filter by: ||

[ &dd using default name oK I Cancel |

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

VLE equilibrium calculations
» Large diversity of supported flash specifications
» Inside-out approach
» Post-checking of solution

» Back-up full Newton approach
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AR
L‘“

COUSCOUS: Simple unit operations

Expander Pump Heater Cooler —
Compound Splitter

_B[Eﬂ__: _'>—» 4.<_’ RGN

> Valve

StreamConverter Mixer Splitter

o)
—T %i
v L, ChemSep Column Model

Heat Exchanger

> Equnllbnum Reactor Fixed Conversmn Reactor Flash
—

L =) Compressor — -

— Turbine Solid Separator No Operation
3-phase Flash
EE—  — — .
Information Calculator ~ Measure Unit PFR Controller
CSTR Gibbs Reactor —_ )

o/ .
Flow contraint

TL < 1=t 7 {7}

—

Property Tester
COULIS logging Embedded flowsheet

Excel Model Matlab or Scilab model
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» Download COCO: http://www.cocosimulator.org/
(or ask for a copy during the workshop)

» Contact amstercHeM for CAPE-OPEN consulting

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

Acknowledgements:
* Richard Baur
» ChemSep: Ross Taylor, Harry Kooijman
 CosmoTHERM: Frank Eckert
 Testing: Michel Pons, Radovan Omorjan
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Presentation outline

> Introduction to COCO

>

» Setting up thermodynamic property packages with TEA
» Setting up flowsheets with COFE

» Using ChemSep in COFE

» Advanced flowsheeting features
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What is CAPE-OPEN?
CAPE:

Computer Applications in Production and
Engineering (source: about.com)

Computer-Aided Process Engineering
(source: CO-LaN leaflet)

OPEN:
Freely available standard specification
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What is CAPE-OPEN?

The CAPE-OPEN standard is the de facto standard
for interfacing process modelling software
components for use in the design and operation of
chemical processes. It is based on universally
recognised software technologies, such as COM
and CORBA. The CO standard is open, multi-
platform, uniform and available free of charge.

(Note: practical implementations restricted to COM
at Windows platforms)
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What is CAPE-OPEN?

It Is described in a formal documentation set
covering areas such as unit operations, physical
properties and numerical solvers, (...). In practice, it
enables components supplied by third parties, such
as niche physical property packages or unit
operation models, to be used in “plug and play”
mode in commercial process modelling software
tools.

(Note: practical implementations limited to physical
property packages and unit operations)
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What is CAPE-OPEN?

In reality this currently means:

 physical property package implementations
 unit operation implementations
 support for both of these in major simulation engines

e restricted to COM on Windows
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What is CAPE-OPEN?

CAPE-OPEN Laboratories Network
g

s in

B

CO-'LaN

http://www.colan.org/




am sterCHEM ChemSep

tailor-made engineering software so

What is CAPE-OPEN?

aemuouee— Alr Liquide

“ BASF BASF AG
bp

£ BP
> DOW Chemical Company

ifr IFP
Shell Global Solutions
TOTALFINAELF TOTAL

AkzoNobel

zoebe! §/AKZO-Nobel

w2
E
441

CO'LaN
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What is CAPE-OPEN?

44 Software vendors

24 Academic institutions

l[.-

i 2 Administrations
CO LaN

7 Other members
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Good reasons for going CAPE-OPEN:

» Wide support for process models in simulation
engines

» Write your software once, run in multiple
environments

» Validate your models by exchanging parts of
your models with those of different vendors
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Presentation outline

> Introduction to COCO

» What is CAPE-OPEN?

» Setting up thermo dynamic property packages with TEA
» Setting up flowsheets with COFE

» Using ChemSep in COFE

» Advanced flowsheeting features
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Reasons to use TEA

» Availability: TEA comes free-of-charge with COCO
» TEA Thermo is based on ChemSep thermo

» ChemSep thermo, and therefore TEA thermo, has a
history of more than 10 years of validation

» TEA Is actively being developed by motivated people

» TEA is highly configurable: compound definitions,
property calculations, plugging in external routines
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Reasons not to use TEA

» TEA’s equilibrium routines current restricted to V-L systems
» All CAPE-OPEN thermo is supported under COFE
» Validate your results

> Availability
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Some other options

: | Infochem
@'f e AspenProperties Multiflash

Simulis TUVANEL
.___ Thermodynamics PPDS
ProSim g
% )2 Virtual Materials CosmoTherm
Group

VMGThermo

NIST by AiXCAPE
- T NIST REFPROP - /
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Configuring TEA property packages

-?H Windows Live Messenger |

& CoFE
& ConfigureCORM —

rﬂ Programs 3 r'n COC0 3 @ ZionZ0 HE'I:I
.}
|4 Documents »
[} Setkings 4
,J Search r
€) Help and Suppart = CORK
= Run... @& JULcE
OAaTS

|7] Log OFF jasper... @

= cup
] undock Computer
(8] Turn OFF Computer...

New package

Packages —

Dezcriphion:

ConfigureTEA

Flowzheet Optionz I Stream order I [Irit Operation order

Reaction packs I Compoundz I Froperties Phasze Info

B

werty packages:

x| |————
x| Edit

DA,

water ethanol test Celect |
Water-nButanol-UMIGUALC —

Cancel

alkanes Mew

C1/C2 Amagat = | Femame
L1 ::Ez SRK Packagez | [
/ n-depropropanizer
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Configuring TEA property packages
]

— Property pack templates:

C1_C2 Create template
C1_C2 [EOS] _
n-depropropanizer Edit template
alkanes —
HDA,
water-nButana-UNIGUAC Deleiz tznplis
ethane prod

ezt

Done
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Configuring TEA property packages
x

Package Mode Configure - Help

M ame: MpPackage

Descrption: — |For wse in my simulation

Model zet: Cusztom j

Compounds:

)8 Cancel
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Configuring TEA property packages

% Property pack definition: ﬂ

Package Mode Configure - Help

M ame: tuPackage

Description:  |For use in my simulation

kodel zet; MIFAC WLE j

Compounds:

k. Cancel
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Configuring TEA property packages

x

—PCD File;

o ek CONCOCO MhirtvdatahChemS epl . ped FCD Manager|  Browse |
— Compound zelection;

Forrmula | M ame | Mol \/ eight | CA5 | Default name |

CH40 tethanal 32042 B7-hE-1 M ethanol

C2HEO Ethanaol 46.089 B4-17-5 Ethanal

C2HBOZ 2-Hydroxpethanal B2.0673 107211 Ethplerne glpcol

C2HBS T hicetharol 62136 TE-031 Ethwl mercaptan

C3H30 1-methylethanal B0.035 Gr-53-0 | zoprapanal

C4AHTO0 Fropylmethatol 123 F1-36-3 1-butanal

C4H100 Trimethylmethanol 4123 TE-65-0 2-methyl-2-propanol

C4HT003 2,2 -omybiz-ethanol 106,12 111-46-6 Diethylene glycal

CEHT1404 2.21.2-ethanediylbizlo... 150173 112-27-6 Triethylzne glyzol
CaH1805 2.2 [ompbiz(2.1-ethanedi... 194.226 112-60-7 Tetraesthylene glycal

[ Add using default name
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PCD Files

» PCD = Pure Component Data file for ChemSep

» Binary file that stores pure compound data

» ChemSepl.pcd — databank with nearly 200 compounds
» PCDManager — for editing and creating PCD files

» Import DIPPR source file (nearly 2000 compounds)

» Import data from NIST web site

» Can estimate many missing properties

» Fit temperature dependent properties
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PCD Files

—Benzens
Component |Eritin:a|| Molecular | T Cormrelations | Group Datal EOS I Miscellanenusl Liog I it I Fathz I
F.ey W alue
Mame Benzene
Inde:x il
CAS rumber 714322
SMILES clooooe]
Structure -CHCHCHCHCHCH-
Muolecular weight [kakmol] RN
Farnily Inarganic bazes
Formula CEHE
SYnonyYms;
benzol benzolene bicarburetofhydrogen carbonoil coalhaphtha coclohexatriens mineralnaphtha motorbenzal
phernylhydide pyrobenzole
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PCD Files

~Benzene

Component  Critical |M|:|Iecular| T Carelations | Group Datal EOS I Mis:ellanenusl Lag I Uriits I Paths I

F.ey Walue
Critical ternperature (1) REZ.0
Critical prezsure [Pa) 4.895E +05
Critical wolurme [m3dkmol] 0.2660
Critical comprezsibility factar [-] 0.2680
Mormal boiling paint (1] JR32
Melting point [K.] 2ra.r
Triple point temperature (K] 27aT
Triple point pressure [Fa) 4764

Click, here to estimate properties j Al |
& Order by property ¢ Order by method
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PCD Files

—Benzene
Component I Critical  Malecular | T Correlations I Group Data I EOS I Mizcellaneous I Log I Units I Faths I
= I"-.:’alue I
Liquid maolar wolurme at normal boiling point (3 kmal] 0.08341
Acentric factor -] 0.2080
R adius of gyration [m) J.004E-10
Solubility parameter [zqrtfd/m3]) 1.870E+04
Dipale moment [Coularmb. m) 0.0000
Wan der 'Waalz volume [m3kmol) 0.04340
Wan der Waals area [m2/kmaol] 6. 000E +08
|G heat of formation [JAkmol] 3.288E+07
G Gibbz energy of formation [J kmol) 1.236E +03
G abzolute entropy [kmol k) 2.633E+05
Heat af fuzion at melting point [J1Akmol] 9.866E +06
Heat of waparization at normal boiling point [JAkmal) *
Standard net heat of combuztion [Jkmal] -3136E+09
= Apply |
{* DOrder by property € Order by method
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PCD Files

& ChemSep PCDmanager - chemsepl.pcd =lolx]
File Edt Help

Information: |ChemSep vhb pure component data - adapted frorm Properties of Gases and Liquids 5th Ed.

Components (134):

rBenzene
Izopentane ] CDmpDnentl Critical | bolecular T Catrelations | Graup Datal EOS | Miscellaneousl Log | Units | Paths |
M-pentane
MNeopentane " Table

1.2, 4-4richlorobenzene
k-dichlorobenzene
C-dichlorobenzene

(" Flot Copy Data | Copy Flot | [~ Mass densities [ Ln

P-dichlorobenzene i |\falue Ideal haat ity (kmalik)
= eal gas heat capacity (Mkmo
Bromobenzene il EQ-ND- 16 = 255 T . ;
Monochlorobenzene T min (K} 200.0 i
lodobenzene T rnax (k) 1500 F
MNitrobenzene A 35345 aoL
E -505.22 — F
Eheng = 12.847 fir
D -0.00021029 =
145
& Up | .- Dz | E 0.0000000485 L
* Bemowve | Al ey | i
1.0~
Search I L
Diata: |d9=1831, L
- not matched - Fird st | 0Aa v i i i | i I
Fitl -’-\l EPl E|| x| 200 400 B0 800y 1000 1200 1400
ING data checking j L

[ C:\ChemSepipedichemsep 1.pcd ot A
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Configuring TEA property packages

% Property pack definition:

Package Mode Configure - Help

Manie: IM_I,IF'au:kage

Dezcription: IF-:ur uze in my simulation

Model zet: IMIFACYLE
C de |Custom
EDI:_-:DDuln = Peng Robinzon
thana Soave Redlich Kwong
Drigthwl ether \Wilsan
Water N H T L

UNIGQUAC

o]

Cancel
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Configuring TEA property packages

% Property pack definition:

Package Mode Configure - Help

General | O ptians Compounds I E quilibrium I Esternal Boutines I
Property Calculations |nteraction Parameters I Group Contributions
Property | Overall | W apior | Liquid | W aporLiguid | -

Equation of state |deal gaz law M A

activity M M2, IMIFALCAL WA,

activitpCoefficient M M, IMIFALCAL WA,

denzity Mia EOS COSTALD # Hanking... MAA

enthalpy SumOfP... EOS |deal+Exncess M A

enthalpyF SumOfF... EOS |deal+Excess M A

entropy SumdfF... EOS From fugacity coeffici... M A2

entropF SumOfF... EOS From fugacity coeffici... M2

exceszEnthalpy Mt [ P From activity coefficientM A8

fugacity Mt EOS Dechema M A

fugacituCoefficient M A, EOS Dechema I A,

gibbzE nengy M/, Fram enthalpy and en...From enthalpy and en. M A2 b

heatCapacityCp Mt From Enthalpy From Enthalpy M A

heat0M aporization  Compound defined

idealG azE nthalpy ldealGaz

logFugacityCoefficient M4 EOS Dechema I A,

molecularts eight Maofaft  bobat [ Dol M A

surfaceT engion Mt M M Ideal ;I
¥ Only show equilibrium phases T m— | e m—— |

ak. I Cancel |
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Configuring TEA property packages

% Property pack definition:

Package Mode Configure - Help

Group Contributions

E sternal Routines

Property Calculations I Interaction Parameters I
General I O ptions Compounds | E quilibrivarm I
M ame | Formula | bt | CAS | Ideal gaz Cp | W apar presaure| Heat of v
Ethanal C2HEO 46083 B4-17-5 T Carrelation T Carrelation T Carrelat
Digthyl ether C4H100 74123 B0-29-7 T Correlation T Carrelation T Comelat
W ater Hz20 18.015 7732185 T Comelation T Correlation T Comelat

Add
Lelete

Edit
Up

[

Cancel
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Configuring TEA property packages

Package Mode Configure - Help

General I O ptians
Froperty Calculations

Group cantribution model:

Esternal Boutines
[araup Cantributions

|nteraction Parameters

Compaound: I Ethanal

Sub-group

CHZ
CHZ
OH

talar weight: 46.068 of 46.069

Edit sub-groups |

Add sub-group [Melete sub-graum

o |
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Finally:

o the default maternal template?

[ Mever azk again

ka Flowsheet configuration: x|

Property packs | R eaction packs I Compoundz I Propertiesz I Phaze Info
Material types | Flowshest Optiohs I Stream order I Uit Dperation arder

— M aterial tupe definition:
defauilt j few | elete | Eenamel

— Maternial zettings:

Description;  |default material template Change |

Property package: I tyPackage j
) [¥ Ethanol
EE TS [¥ Diethyl ether

[¥ wiater
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Presentation outline

> Introduction to COCO

» What is CAPE-OPEN?

» Setting up thermo dynamic property packages with TEA
» Setting up flowsheets with COFE

» Using ChemSep in COFE

» Advanced flowsheeting features
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Empty COFE document

® COFE - [Flowsheet1] i ] 5]
BEiIe Edit Insert Flowsheet Plob Miew Add-ins Window Help o = |

JD@E%|E|E}§Hvdefault |-|"E-':|&E|
r°FIOwsheet1

. B Flowshest

ﬁ Settings

*| Log | ™ 1 warning

Ready l_ W &
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Setting up reactions

B Flowsheet configuration:

bl aterial types Flowzhest O phior I Stream order I
Froperty packs Reaction packs Compounds I Froperties I Phase |nfo I

Init Operation order I

— Reaction packages:

Dezcrption:

Edit

Eename

{[lje]
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CORN: CAPE-OPEN Reaction Numerics

i select Reaction Manager: _ Ol =]

[+ E Capelpen. CCapeReactionCherniztny

- CORM Reaction Pack Manager

I ﬁ 0ATS Reaction Package Manager [CAPE-OPER
- ﬁ R eactionzE =ample

4| |
Abat | Eann:el |
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Setting up CORN

HOA,

Fackages

X

CORM Reackion Mumerics:

HDA,

LCreate termplate

X

Edit template

[Melete template

Cloze I
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Editing a reaction package (1/4):

x

General |I:|:|m|:u:|unds| Fiea-:til:unsl

— General:

M arne: IEthannIEEth_uI

D escription: IHean:tin:nn definitions for the ethanal comversion reaction
— Standard:

CAPE-OPEM thermo wersion: |J= e

Help Load | k. I Cancel
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Editing a reaction package (2/4):
@eat: x|

General Compounds | Fiea-:til:unsl

M arne | ID | Formula | b add |
[elete |
Hename |

x

™ From databaze

Help | Load

‘ O, I Cancel
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Editing a reaction package (3/4):

x

M ame Formula | Mol 'Weight | CAS
Ethanol CZHED  4B.0B9 B4-17-5
Diethyl ether  C4H100 74123 B0-29-7
Wiater HZ0 18.015 F73218-5

s I Cancel
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Editing a reaction package (4/4):.
[(EO—— x|

Eenerall Compounds  Heactions |

Reaction: — Reaction properties;
CONYESIon Staichiometny | Cornpourd
-2 Ethanol
1 Dligthyl ether
1 Water

[™ Equilibrium Reaction [~ Heterogeneous
Fate: 3 A moldsdod

E guilibrium conztant;

E quilibrium basiz: kd alarity

Heat of reactian; J 2 mal

u&u&

Create |Eename| Delete | Fhasze: Liquid

Help Load QE. Cancel
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Add It to the simulation
x

HDA Create template |

Edit template

Delete template

S |  : Reaction package from CORN: X

E thanal2E thyl Packages
HD&
|rifim
Select
Canicel
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We have a reaction package:

B Flowsheet configuration: x|

bl aterial types | Flowzheet Optionz I Stream order I Init Operation order
Froperty packs Reaction packs I Compounds I Froperties Phase |nfo
— Reaction packages:

&éh E thanol2E thyl

Eemove

Edit

Eename

{[lje]

Dezcrption:
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Inserting our reactor:

NE-A
N T=TEY

|:| Fipes & Valves A
(-7 Pumps & Compressors
EI a Reactors

C5TH

E quilibriurmB eactaor
FizedConversionR eactor
GibbzReactar

PFR

H

EH

.
l |:| Separators
-] Shel
B3

Teszhng -

&bt | Carncel
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Inserting our reactor:

* COFE - [Flowsheet1] ;IEIEI
B File Edit Insert Flowsheet Plob Miew Add-ins Window Help =18
JD@E%|E|E’0Hvdefault |J";.’:|-&E|

r Flowsheet1

B Flowshest:

----- ﬁ Settings

¥,

name: FixedConversionReactor_1
Description: FixedConversionReactar - perform reactions using a specified conversion|. .
status: missing or incomplete specification .
-|reason: nok all makerial porks are connected

2| Log | €3 1 emor
Log cleared LM &




amstercHem

tailor-made engineering software solutions

Inserting our reactor:

Unit operation is a reactor: ﬂ

f=sign reackion package "EthanolZEthy!" ko unit operation "FixedConversionReactor_1"7

Delete Del

Copy CErliC
Renarme. .. CEFlH-ShifE+Hr
Descripkion. . . Ckrl+Shift+D
.............. Edit | wiew streams. ..

.............. Insett unik operation. . .

-------------- Edit unit operation. ..

Assign reaction package...

""""""" Calculate this unit Chr+FS

.............. Icon 3
.............. Label ,

.............. Camments...
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Insertina our reactor:

SRR Delete Del SRR
R Copy Chrl+C D
N, Rename... Ctr-Shift-+ D
R Description. .. Ctrl+Shift+D0 D
cooro o FlEedConversion Edie f view streams. . L
DUDDUUUIIIIIIIII T Insert unit operation, .. D
I | D
o esmnrescnpdae.. SRR R R R

....................... Calculate thIS L"."t 5h|Ft+F5 L e e e e e e e e e e e e e e e e e e e e
Select unit icon,..  Crrl+Shift+I |
Remove unit ican

....................... Rotake CW ]
..................................................... Robate CCY [
Mirrar harizonkal el

Mirror vertical Zkrl+Shif -+

IChemSep.isd
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Inserting our reactor:

E Select unit operation icon: |

-] Yalves -]
= -fﬁ Vessels

™ Set default for unitz of this type OF. I Cancel
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Inserting our reactor:

% COFE - [FlowsheetingWithCOCOandChemSep.fsd] - |EI|5|
BEiIe Edit Insert Flowsheet Plob Miew Add-ins Window Help o = |

JD@E%|E|E}§Hvdefault |-|"E-':|&E|

ro FlowsheetingwithiZOCOandChemsep,
. B Flowshest

ﬁ Settings

4 | ©

Feactor1::

2| Log | €3 1 emor

Ready l_ W &
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Inserting the reactor feed:
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Connecting the feed:
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The product stream:
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Specifying the feed stream:

COFE - [FlowsheetingWithCOCOandChemSep.fsd:Z [1]]

File Edit Flowsheet | Streams Plot View ‘Window Help =181 xl
J (== | [ v Show male fractions |_|-D oo | & E|
Show mass Fractions =
@ FlowsheetingwithcOCo |1 | unit |
d Flowshest Add stream, .,

T FEConmhertions

k et & Overdll
’ Ettings pressue E/A Fa
K

temperature Hoh
male fraction [Ethanal] H-h
mole fraction [Diethyl ether] Ho A
mole fraction [ ater] H-oh
flowy H-h mal / 5
b Hoh g/ mol

[ e[
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Specifying the feed stream:

name | 1 | unik
L+ Skream
- Conneckions
W Cnverall
PIEEELITE 1 atrm
ternperature 40 C
mole fraction [Ethanol] 0.85
mole fraction [Diethyl ether] 0
mole fraction [ ater] 0.15
Flo 200 mol / =
b 41 . BR0O9 g ¢ mol
- Compound Flows
molar phazeFraction [Liguid] 1
- Liguid composikion
L~ Cwerall properties
I Liguid properties
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Reactor specifications:

& Unit operation Reactor 1: ﬂ

Statyz Edit |Ealance| Fuortz IInfn:u I

Farameter | W alue | rit |
Preszure drop 1] Fa
Heat duty tupe [zothermal
T emperature 300 K.
Heat duty 1] S
Enthalpy Type [Jze EnthalpyF
Thermo Yerzion 1.1
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Reactor specifications:

% Unit Reactor 1: x|

Generall Feport Operation |Hean:tin:nns| About I Fuarts I

Pressure diop: I':I Pa
% |zothermnal I-m 415 K.
™ Heat duty: IEI Jiz

™ Heat duty from inlet stream

Enthalpy balance: |ze EnthalpyF

[
=

Reaction phase:

Help
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Reactor specifications:
x|

Generall Flepnrtl Operation  Aeactions |ﬂ|:u:uut I Fuorts I

Conversion | OF Compotnd In Reaction

Specify reaction: x|

Reaction ID:  |converzion -

FIvErEion; R4

OFf compound; I -

[ Serial reactio | Ok I Cancel

L,
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Reactor specifications:

...................................... name: Feackor 1

______________________________________ Description: FixedConversionReactaor - perform reactions using a specified convversion| ©
-------------------------------------- skatus: specification complete

‘ E- Validate
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Calculate the reactor:

................ Delete Digl
R & Rename... Crl+Shift+M
o ReRtO i, CuaShieD
o Edit / wiew streams. ..
o Inzert unit operation. .
o E dit urit operation...
L fzzign reaction package..

Calculate this it Chrl+F5
......................... g ||:|:|n 3

g .

\ij) Firizhed calculating unit Reactor 1 S Comments...

0k I ......................................

[~ Mever show this message again
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Reactor results:

B

nanme 1 2 unit
L~ Skrearnm
- Conneckions
w  COwerall
pressure 1 1 atrm
temperature 40 41] C
rmole fraction [Ethanol] 0.835 0.425
mole fraction [Diethyl ether] 0 0.2125
rnole fraction [Ww ater] 0.15% 0. 3625
Hloa 20 20 mol £ =
heft? 41 8609 41 86049 g« mal
- Compound Flows
w __Phase Fractions
molar phazeFraction [Liquid] 1 1
I+ Liguid composition
- Cwerall properties
L~ Liguid properties
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Reactor results:

S| Pressure 1 1 atm L
C o Temperature 40 40 C L
S WFlove rate 20 20 molfs @ "0 0o
Coo o Mole frac Ethanol 035 0425 L
C oo 0 U I Male frac Diethel ether | 0 02125 L
oI Mol frac Water 015 0.3625 L
.......... [ = & . . ..
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Presentation outline

» Introduction to COCO

» What is CAPE-OPEN?

» Setting up thermo dynamic property packages with TEA
» Setting up flowsheets with COFE

» Using ChemSep in COFE

» Advanced flowsheeting features
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Inserting a ChemSep column:

= Select Unit Dperation:

#-[C] Pipes & Yalves
|:| Furnps & Compressors
-2 Reactors
=13 Separators
. Ff5E ChemSepUO

-- Compaound5 plitter

-5k Flash
E [+ SolidSeparatar
-7 Testing

EEcu| ]

Cancel
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Inserting a ChemSep column:

S| sueam 1 2 Unit |-
oLl |Pressure 1 1 atim L
c oo | Temperature 40 40 o o
o o [ mare]
oo Male frac Ethanal 0.85 0.4.25 L
Cooo o000 U Mole frac Diethyl ether| O 0.2125 Ll
oo Male frac Water 015 0.5625 L




amstercHem

tailor-made engineering software solutions

Inserting a ChemSep column:

Rl chemSep (TM) (CAPE-OPEN) - ChemSepUD_2 -|O] x|
File Edit Check Tools Help

El|§|4' | 4 ||1|M||I||£|E|
[ CAPE-OFEN «f CAPE-OPEN |

o Title -
—ChemSepllO
- Components SRl

X Dpsration status |

-+ Properties
o Reactions [+ CAPE-OPEM Properties | Expose energy ports [~ Show all option: Copy | m

- ¥ Feeds

- ¥ Specifications ;I

L 3 Analysiz

B ¥ Results

Tables

- Sokve options
- Pathg

|Changed | Mot converged | CADDCUME ~14jaspertLOCALS =14 Temp4CS_1_7-1.5EP i
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Configuring the ChemSep column:

Rl chemSep (TM) (CAPE-OPEN) - ChemSepUD_2 -10O] x|
File Edit Check Tools Help

[ [ [ [l | T [ 7]

x
{Dﬁ.PEDPEN ( Dperatignl _I
o Title N o o o
o Componerts Select Type of Simulation :‘E’} Problem specification is incomplete, are wou sure you want to close this window
-{m " Flash

=l Properties & Equilibrium column

indf Reactions | ancel |
o Feeds
- X Specifications -
g Binalysis — Configuration |"
- 2 Heaters/Coolers Operation: IS"T":'IE Distillaticn j —I
- X Efficiencies . — Do wvou wank to save the current input in ChemSeplUo_2
X Column specs Condenser: |Tatal [Liquid product] j \?“J ¥ P U
—I- 2 Result ,
o X TZSbLIJez Reboiler: |Partial (Liquid product) ¥ |
- Graphs | Cancel |
o MeCabe-Thiels Mumber of stages (e.g. 10] I'IEI
- Rating
- Units Feed stage(z] [2.g. 5.7] I?‘ - ‘ |
; ae
221}:3 options Sidestream stagels] [ea. 2.9) I
JlUpdate ChemSep icon: ]
Pumparound(z] (e.a. B8, 9:1] I (;'__
\g) The column configuration has changed, Update COFE icon?
<] [+

|Changed | Mot converged | CADOCUME ~1%asper\LOCALS ~14TempbC5_1_7~1.5EF
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Connecting the ChemSep column:

........... Streﬂn] 1

Pressure 1

........... Temperature 40

........... Flow rate 20

........... [ I ] —u 1 - - Fa i T
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Connecting the ChemSep column:

X
BaottamProduct

Cancel

"""""""" Stream 1

Preszure 1

............... Temperature 40

............... Flrn: rata rlnl
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Configuring the ChemSep column:
" Pressures |

—Column Preszure Specifications
Condenser pressure g| 101325 [N4mi]
+ Heaters/Coalers
Column pressure Conztant pressure j
Colurnn and Stage Heat Dutie
Top pressure 101325 [M/m2)
Colurnn heat lozz ID-DDDDDD [z

Frezzure drop £ fia ; [Fd ]

: [ AmE]

‘i"r Efficiencies

—Specify Stage Efficiencie

Default stage efficiency |1 00000 [-)

[nzert | Remove |
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Configuring the ChemSep column:
«  Calumn specsl

—LCalurnn Product Specification

Top product name Top Condenser duty name  |Ucondenser
Top specification Reflus ratio x| = |10.0000 -]
Bottom product name  |Eottom Rebailer duty name Ureboiler

E@ciﬁcatinn Eottorn praduct flow rate > | = 00750000 [@

Note: This bottom specification is just to get us started; later we will change it.

|1 5 ol
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(;hemSep

We can now run the column:

BEiIe Edit Insert Flgwsheew*..m moo wis Window  Help =18
Jaﬁnmm{»awem r 22O eE
eI ooad eI oo

Preszure 1 1 atm

Temperature 40 40 g . .
- | Fiow rate 20 20 mol /| -

Male frac Ethanol 085 0.425

Mole frac Diethyl ether| O 0.2125

Male frac Wister

: »
*| Laog I 1 Solved, 2 warningsl

Ready ’_ W A
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Checking the column results:

NN 4 =1 54 (2] S IR
TR R R -
| Stream 1 2 3 4
Prezsure 1 1 1 1
Temperature 40 40 36.3781 801532
Co © 7 [=olve warnings:
- - fFl at 20 20 a 15 | ¥ aE
o reE moeEr solving Chem3eplUo_Z
Mole frac Ethanal 0.85 0.423 0.140139 0.519954 _ . |message: Warning: temperature out of range For liquid thermal conductivity
Male frac Disthyl ether| 0O 0.2125 0.549323 5 8939=-005 -+ [correlation For compound Ethanal (T = 353,49 K, range = [159.05 - 353.15] K)
- . |message: Warning: temperature out of range For liquid thermal conductivity
s .M':'IE frac Vvater 0.13 D'Sﬁaﬁ 0.0100374 | 0479358 L |correlation For compound Ethanal (T = 353,30 K, range = [159.05 - 353.15] K)
i [ast message repeated 1 Hme)
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Inserting the second column:

" COFE - [FlowsheetingWithCOCOandChemSep.fsd:1] - | m] |5|

|E. File Edit Insert Flowsheet Plob Miew Add-ins Window Help o = |
JD@E%|E|E’0Hvdefault |J";.’:|-&E|

FlowsheetingwithCOCOandChermsep. fsd
B. Flowshest

1,2

g, Settings

ﬂ I » I Stream
Pressure 1 1 1 1
Temperature 40 40 36.3781 50.1532
Floewey rate 20 20 B 15

0.5199:34

- I DAlii 5.68308e-003

0.4735955

o Select Unit Operation:

|:| Pumnps & Compressors

-2 Reactors

=43 Separators
-3 ChemSeplo
-- CompoundS plitter
48k Flash
- SolidSeparatar

-7 Shell

1

Res [ [

About | OF. Cancel |
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Configuring the second column:

Ehemﬁep (TM) - ChemSepU0_3 ;IEIEI

File Edit Check Tools Help

B|2|e > [=[uT]E|]

- CAPE-OPEN - COperation |
-~ Tite —Select Tepe of Simulation
—wd” Components
" Flash
-+ Properties & Equilibrium column
fong Peactions
~f Feeds
= ¥ Specifications
g Banalysiz —Column Configuration
- M Pressures : - —
. W Heaters/Coolers Operatiar; ISlmpIe Distillation j
- ¥ Efficiencies ; —
- Column specific: Condenzer: IT:::taI [Liquid product] j
=] 3 Result .
d K TZSI;LIJez Reboier  |Partial [Liquid product] x|
- [araphz Feedl " 4
. Mol abe-Thisle Mumber of stages [e.g. 10) |1 ]
- Rating
 Units Feed stage(z] [e.q. B.7] |4
- Solve options :
- Paths Sidestrean stagelz] [e.a, 2.9] I
Fumparound(z]|[e.q. =8, 9:1] I
4 | ©H
|Changed | Mot converged | CADOCUME ~14jaspersLOCALS ~14T emphC5 1773, 2ep y
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Configuring the second column:
v‘rF‘ressuresl

—Column Preszure Specifications

Condenser pressure g| 101325 [N4mi]
+ Heaters/Coalers
Column pressure Conztant pressure j
Colurnn and Stage Heat Dutie
Top pressure 101325 [M/m2)
Colurnn heat lozz ID-DDDDDD [z

Frezzure drop £ fia [Fd ]
Botton prezz ; [ ]

‘i"r Efficiencies

|1 atrn|

—Specify Stage Efficiencie

Default stage efficiency |1 00000 [-)

[nzert | Remove |
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Configuring the second column:

Ehemﬁep (TM) - ChemSepU0_3 - | Ellil
File Edit Check Tools Help

H =[x |3 TE |
v E%PE-DPEN v 'ﬁ'”al-"'Sisl v P’ESS'-"ESl v HEEtEfoEDDlEfSl +f Efficiencies ¥ Column specifications
$ E::tllripnnents —Column Product Specification

wd Operation
B~ Properties

Top specification Reflus ratio = | = |3.00000 -
o Feed: PP I J I 3
B+ Specifications
g Banalysiz
o Pressures
- Heaters/Coolers
g Efficiencies
Column specific:

=+ Results Bottom specification IMD|E fraction of a component j = ID.E‘E‘DDUU
- Tables

Top product name ITDD Condenser duby name IDchdenser

Bottorm product narme IBDttDm Rebaoiler duty name IDreI:u:uiIer

- Graphs "W ater -
- MecCabe-Thiele I J
- Rating
~FUGR
- Unitg

—Product Guezzes [optional}

- Solve options

- Paths [T Use guesses for initalization Reset |

1] | B

| Saved | Corwerged 7 iterations

| C:ADOCUME ~14azper\LOCALS ™14 TemphC51 FRE . 2ep
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Connecting the streams:

% COFE - [FlowsheetingWithCOCDandChemSep.fsd:1]
Bﬁile Edit Insert Flowshest Plob  Wiew Add-ins  Window  Help

D& 2@ 8 ) 2| vdiat r o [E

FlawsheetingwithC OCOandChemsep, Fsd
B Flowsheet
L,z
i Settings
Kl
ature 363781 801532
hte: 20 20 5) 15 mol fs] - -
B Ethanol 0.ss 0.425 0140139 0.515954
B Diethyl ether| O 02125 0545523 5.85839e-005
B Wiater 015 0.3625 0.0100374 0.475935

A
* Log | ._ﬁ 2 warnings

Ready l_ W v
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Solving the second column:

" COFE - [FlowsheetingWithCOCOandChemSep.fsd:1]
BEiIe Edit Insert Flowsheet Plob Miew Add-ins Window Help

=10 ]
=18 %]

JD@E%|E|E}§Hvdefault |-|"E-':|&E|

FlowsheetingwithCOCOandChermsep. fsd
B. Flowshest

]

1

1

ature

36.3781

a0.1532

]

5

13

Fc Ethanol

0140138

0319934

B Diethyl| ether

0.349523

53.8639e-005

BC Water

0.0100374

0.479933

 SRREEEEEE
ChemSeplo_3

4

*| Laog I 1 Solved, 4 warningsl

Ready

[ o[
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Let’'s see what we get:

S e S NI ' Y
Stream 1
Pre=zure 1 1
Temperature 40 40 36373 801532 78.4088 a7 4827
Flaw rate 20 20 b 15 055654 5. 44346
fiale frac Bhanol 0.25 0.425 0. 140139 0.519954 0210426 0.o1
fvale frac Diethyl ether| O 0.2124 0349823 5.883%e-005( 9.2364e-005] 1.0859-018
hiale frac wigter 015 03625 0.0100374 | 0.479988 0189482 099
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Setting up the recycle:
ol x|

=123 Mimers & Spliters |
: CMizerE zample
b akell phd imer

Splitter

]|D M oritaring units
4

51

About | Cancel |
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Setting up the recycle:

Connect to pork: x|
0K

[Hlet 2

Cancel
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Closing the recycle:

% COFE - [FlowsheetingWithCOCOandChemSep.fsd:1]

m File Edit Insert Flowsheet Plob Miew Add-ins Window Help

=k
D& BB d ) & deu PO

FiowshastingWithCoCOandChemaep.fod R R R R RRRREE

B.Flowsheet . e - I AN R —

Stream
Pressure

3 4 g Unit : e foe
1 1 1 atm :

363781 &.1532 75,4088 o7 4527 oC
5 15 055654 544348 : o : Lo
0140139 | 0519954 | 0810436 | 001 S B i
0840823 | 5.8830e-005 0.2354e-005| 108502018

00100374 | 0470088 | D.180482 | 0.99

0 | Temperature
Flow rate
- [ Male frac Ethanal
<+ [ Mole frac Diethyl ether]
hdole frac Wiater

|
message: Unable to connect to unit "Mixer_4": no connection points on icon; remove or replace unit icon B
[last message repeated 1 time]

connected stream 5 to unit Mixer_4 as INLET at port Inlet 2

| | _’lj
*| Laog I £ No errolsl

[ o[

Ready
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Redoing the specifications for Column 1.

% COFE - [FlowsheetingWithCOCOandChemSep.fsd:1]

m File Edit Insert Flowsheet Plob Miew Add-ins Window Help

JD@E%|E|E’0Hvdefault |.I";

FlowsheetingwithCOCOandChermsep. fsd

B. Flowshest
1,2
g, Settings

o Reactart

* | Pressure

[l Fll Chemsep (TM) (CAPE-DPEN) - ChemSepUD_2

* | Temperature

. | Flow rate

File Edt Check Tools

- [ Mele frac Bthanel

Help

=0l x|

- | Mole frac Diethyl ether

o | hole frac Wiater 0.5

4

message: Unable to connec
[last message repeated 1 ti
connected stream 5 to unit |

4]

*| Laog |_0 Mo errolsl

Ready

Note new specification

" CAFE-OFEN
o Title

o Components
g Operation
El-+ Properties

- Feeds
E-+ Specifications
o Bnalysiz
o Pressures
- Heaters/Coolers
-~ Efficiencies

| L

- Tables

- Analysisl - F'ressuresl o Heaters;"CooIersI - Efficiencies «f Column FpeCs |
rColumn Product Specification

Top product hame Top

Condenzer duty name IE!condenser

Top zpecification I Reflux ratio

| = [ro0000

Bottam

Reboiler duty nanme IE!reboiIer

attam specification

tole fraction of & comporent j = I'I.DDDDE-DE

- Giraphs
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Mo

ChemSe

aration

a LI

Redoing the specifications for Column 1.

% COFE - [FlowsheetingWithCOCOandChemSep.fsd:1]

m File Edit Insert Flowsheet Plob Miew Add-ins Window Help

JD@E%|E|E’0Hvdefault |.I"

B. Flowshest

FlowsheetingwithCOCOandChermsep. fsd

1,2
g, Settings
|« [ e
Pressure
* | Temperature El
.| Flow rate z
ole frac Bhanol
- [ Mole frac Diethiyl ether
o | hole frac Wiater
||
message: Unable to con
[last message repeated '
connected stream 5 to ur
1]
*| Laog |_0 Mo errolsl
Ready

Note new specification

File Edit Check Tools

Help

Bl chemSep (TM) (CAPE-DPEN) - ChemSepU0_2

=101 %]

- CAPE-OPEN
o Title

-nf” Components

B+ Properties

- Feeds
H+ Specifications
o Ainalysis
o Pressures
- Heaters/Coolers
- Efficiencies
- Column specs
-+ Results

- Tahles

- Giraphs

- MeCabe-Thiel
- Rating
- FUG

- Uitz

- Solve options
- Pathig

al |2

B2 e [>[x[ut|T]E ||

v Operation |

rSelect Type of Simulation

"~ Flash
* Equilibrium column

— Configuration

Operation: ISimpIe Diistillation ﬂ

Condenzer: ITntaI [Liquid praduct] ﬂ

Rebailer: IF'artiaI [Liquid product) j

o T mber of stages [e.g. 10] |2EI

ed]

Feed stage(s] [e.g. 5.7) IS

FPumparaund(z] [e.g; B>, 921 I

Battam

i

20

£

| Changed

| Corverged 1 iterations

| CADOCUME~14jaspersLOCALS ™14 TempsC5_5_8~1.5EF
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The solution:

" COFE - [FlowsheetingWithCOCOandChemSep.fsd:1] - |EI|5|
|E. File Edit Insert Flowsheet Plob Miew Add-ins Window Help o = |
JD@E%|E|E’0Hvdefault |J";.’:|-&E|

FlowsheetingwithCOCOandChermsep. fsd

fwkale frac Wiater 014

B. Flowsheet
1,2
g Settings

1l I | S S s CReAnin oo T
Stream 1
Preszure 1
Temperature 40 801336 R L I -GG O I "SI o
Flow rate 20 844638 32.205 20,6514 11,5536
hhle frac Bhanol 0.85 0415145 0.00097 475 0523769 081120 0.0 N R
hale frae Diethyl ether 1] 0.20758 0999022 1e-005 1.55945e-005 2. 21603e-020 - Chermden

0377375 370687 e-006 0476231 0.188783 0.99 - |

UO'_S:EE::::::::::::::::

4

*| Laog I 1 Solved, 4 warningsl

Ready

[ o[
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Presentation outline

» Introduction to COCO

» What is CAPE-OPEN?

» Setting up thermo dynamic property packages with TEA
» Setting up flowsheets with COFE

» Using ChemSep in COFE

» Advanced flowsheeting features
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Stream types (1/3). material streams

» Multiple material types (Flowsheet Configuration)
» Each material type associated with Property Package
» Each material type associated with list of compounds

» You can connect different material types to a unit
operation

» StreamConverter unit
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Stream types (2/3). energy streams

» Heat integration
» Connect to energy ports
» Many COUSCOUS units have energy ports

» ChemSep has energy ports for column heat duty, stage
heat duty, the condensor and reboller

» Energy streams have a direction, like material streams
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Stream types (3/3): information streams

» Typically one double precision number

» Numbers have a unit of measure

» Can be used for measured data (MeasureUnit)
» Can be manipulated (InformationCalculator)

» Can be used for controllers

» COFE allows exposing a parameter as information port
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Graphs

» Temperature or pressure dependent property calculations
» Phase envelopes

» Binary property calculations

» Parameter plots of unit operations

> ...
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Reports and graphical elements

» Stream reports

» Unit operation reports

» Basic shapes and text

» Embed OLE objects

» Stream and unit operation comments
> ...
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Parametric studies

» Solve the flowsheet

» Choose Parametric Study from the flowsheet menu
» Define inputs and their ranges

» Define outputs

» Solve

> ...
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Embedding flowsheets in Excel

E3 Microsoft Excel - Flowsheet in COFE.xlE - 101 x|

" Fle Edit Insert Flowshest Yiew Window Help _Iﬂlﬂ

|ﬁ|ﬁ|ﬂ)0”vdefault |.I"; _';|9E|

|I< 4 » M[%Flowsheet / calculate properties example 4 caloulate equilibrium example £ access unit operations example [ access streams example /

Ready LM S
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Embedding flowsheets in Excel

3 Microsoft Excel - COFE.xls >
i§_|] File Edit W¥iew Insert Format Tools Data  Window COFE  Help  Adobe FDF T

5 H R B 8RR 79 -0 8 x4 %= @@ e | :F B I U|=== -&»-A- B
UM + X /[ | =COFE_ObhtainProperty{B43,C43,$E$14:$E$23,$F$12,$C%$30,3C4$28, "mixture",$C$29)
| ¢ T e T T T

10 - -

E corposition for property calculation below X
12 | default compound count: a basis: male [COFE_ObtainProperty —
13 p [ZER | - 0000 =
14 | default compounds: Hydrogen 0.2 C

15| hethane 02 Tcss B

15 Benzene 02 Composition [$£414:5E423 i ={0.z020.2020.:
17| Toluene 0.2 positi is [4F412 ] = "male”

% Elpeny] 02 PropertyName |$C$30 j‘_’ = "density" |
|20 | = {35.07139507 6858}
21 Mo help available.

2]

=

24 P

25 property calculations: | (the example shows a scalar propenty; fugacity for example will return

26 (for a list of properties, see the Properties' page when choosing Conf

(o7 Formula resul: = 3.507E+01

:E phase wapar Help an this function _OK Cancel

| 29 | basis rmole _l
130 property density 5.000E+02

31 4.500E+02 +

2 FiPa TIK mol / m? R b
133 | 1.00E+15 100 4.580E+02 HOIE \
| 34 1.00EHS 126 1.991E+02 3.500E+02 \
| 35 | 1.00E+H15 150 1.019E402 3.000E+02
| 36 | 1.00EH15 176 7.940E+01 S \
37| 1.00E+05 200 6.629E+01 s \ aull
(38 | 1.00E+15 225 5732E+ 2.000E+02
138 | 1.00E+H15 250 5.085E+01 1 500E+02 \
40 1 00E+I5 275 4 552E401 P b
41 1.00EHS 300 A137EHN ’ - \\‘\o__
(42 1.00E+H15 326 378EEHD1 5.000E+01 —————
| 43 | 1.00E+15 350)e" 80820 | 0.00DE+00
k] 0 50 100 150 200 250 300 350 400

45
Frs TIK
4| [K]
47 compound constant example:
| 48 | (for a list of available compound constants, see CAPE OPEN thermodynamic specification)

48
E nare maleculateight ctiticalPressure criticalTernperature
|51 | compound Hydrogen Hydrogen Methane
| 52 | value 2.01585 1313000 190.56
| 53 | dimension - Fa 8

1+ » [ Flowshest ™, calculate properties example calculate equilibrium example 4 access unit operations example £ access streams example f
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