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Why COCO or “Do we really need another flowsheeting progam, even if it is free?”

In previous articles in CACHE News we have described ChemSep™, a software system for
modeling distillation, absorption, and extraction operations. ChemSep was designed to be easy
to use by students with little or no experience of engineering software, while having sufficient
flexibility and power to appeal to expert users and engineers in industry.

ChemSep was not a flowsheet simulation program but a standalone one-column-at-a-time
simulator so intuitive to use that students could pick it up in 5 minutes or less. Therefore, it was
more difficult to model complicated processes involving multiple units and recycle streams than
one would like. To deal with this limitation ChemSep came with a rather rudimentary
flowsheeting system described in The ChemSep Book (Kooijman and Taylor, Books on
Demand, 2000). However, this was not an easy-to-use program (it did not have a user-friendly
interface).

The main requirement for an industrial ChemSep user is that ChemSep use the thermodynamic
models available in the main flowsheet simulator with the associated databases with pure
compound data and interaction parameters. The importance here being that this data & models
have been validated. The protocols developed under the CAPE OPEN (CO) movement have
made it possible for ChemSep to function as a user model in any CO compliant process
simulation environment (this includes all major and some of the less well known packages
available today). In addition, any CO compliant thermodynamics package could be used with
ChemSep. In CACHE News for Spring 2006 we showed ChemSep as the column model in an
Aspen Plus flowsheet for the well-known HDA process.

During the development of a CO compliant version of ChemSep we had need for a CO
flowsheet simulation program (because we had no immediate access to Aspen Plus or other
similar package). The authors of the CO interface for ChemSep were fascinated by the concept
of CO based flowsheeting. An environment was required for ChemSep to perform flowsheet
based simulations. And there was a need for in-house code to facilitate CO based development,
testing and debugging. Hence, a CO based simulation program was created. The package is
known as COCO (CAPE OPEN to CAPE OPEN) and is the subject of this article.



The COCO Kitchen

There are four parts to COCO:
» A simulation environment (COFE, CAPE OPEN Flowsheeting Environment)
= A thermodynamic property package (TEA, Thermodynamics for Engineering

Applications)

» A collection of unit operations (COUSCOUS, CAPE OPEN Unit operationS)
= Areaction package (CORN, CAPE OPEN Reaction Numerics)

The Flowsheeting Environment (COFE) features:

= Graphical flowsheet editing:
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» Compact display of stream information:
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w Overall
pressure 345 T 45 bar
temperature 563 626.223122706 £34.364331006 5
masz fraction [Hydrogen] 0.0510137629039  0.05930323901 37 0.0510137629039 -
mass fraction [Methane] 0.468542194019 0.401487803934 0.468542134019
mass fraction [Benzene] 0341635282354 0.0257124234E95 0341635282354
mass fraction [Toluene] 012837382421 0.513495322974 0128373582421
masz fraction [Biphenyl] 0.0104309365128  1.13575399727e-006  0.0104309365128 -
flowy (0.EE8366966934 0.6E8366972852 0.BE83EE966934  kmol /5
i 1657104825951 16.5710473049 16.57104825951 g ¢ mol
w_Phase Fractions
mazz phaseFraction [Yapor] 1 1 1

w_Wapor composition |
masz fraction [Hydrogen] 0.05101376290239  0.05930323901 37 0.0510137629039 -
mass fraction [Methane] 0.468542134013 0.4014587303934 0.468542134013
mass fraction [Benzene] 0341635282354 0.0257124894695 0341635282354
massz fraction [Toluene] 012837382421 0.513495322974 012837382421 |
masz fraction [Biphenyl] 0.0104309365128  1.13575399727-006  0.0104309365128

I Overall properties |
= M apor properties |
density 490.428519463 491.13376228 451.989859126 mal /
enthalpy 278394647647 32501.9389253 32501.9392194  J A mol
fugacity[Hydroger) 14.6487729221 18.3506661 751 14.6253583357 bar
fugacity(tethane] 16.8901675706 18.6177334048 16.8877409437 bar
fugacity[Benzene] 252370435322 0.2059355976252 2 535645950689 bar

fugacity[T oluene] 080762403396 3.506EE223605 0.81208609286 bar ;I
™ Mole fractions




» Access to CO objects such as a reactor unit operation model:
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Plotting and printing of physical properties:
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= And a help system:

E? COCO Simulation environment:
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that, excess enthalpy is included:
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In this model the enthalpy is computed from the idedl gas
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Pressure and temperature derivatives are dstermined by

Depending on the selected calculation option, composition
derivates are cither approximate, or determined by perturbation.

The overall enthalpy can be calculated from summation overthe x|

» Steady state process flowsheets are solved using a tearing method (much like the
methods used in most commercial simulation programs).

The property package (TEA):

* Includes an extendible pure compound data library:

Property Caleulations | Interaction Parameters I Group Contributions I
General Compounds E quilibrium I External Routines I
Name | Formula [ Mw = add | |
Hypdrogen HZ 201588 I % Add components-
tethane CHa 16.0428 74 }
Benzane CEHE 781136 71
Taluene C7HE 9214085 100 IC: “Program FilesiCOCOYdatahDefaultComponentLib. pod Browse |
Biphenyl C12H10 154.211 92
— Compound selection:
M ame | Farmula | Mal Weight | CAS |i|
Air 28.9508 132253100 —
Argon Ar 39948 7440-37-1
Bromine Br2 159.808 F72E-95-6
Carbon tetrachloride CCl4 153822 BE-23-5
Carbon monoxide co 28.0104 £30-08-0
Carbon dioxide coz 44,0098 124-38-3
Carbon disulfide Cs2 VE.143 75-15:0
Phaozgene Cociz 98.9158 75-44-5
Trichloroacetyl chloride C20CH 181.832 7e-02-8
Hydrogen chloride HCI 364606 FE47-01-0
Chlorine cl2 70.3054 Fraz2-e05
4 I Hydrogen indide HI 127.912 10034-85-2 -
Huydrmmaem H2 2 MRog 12770740
1 | » |_I
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= Over 100 methods available for the estimation of more than 25 different properties:

% Property pack definition:
General | Compounds I E quilibriumm I External Routines I
Property Calculations | Interaction Parameters I Group Contributions
Property | Overall | Wapor | Liguid | 5. |
Equation of state Peng Robinzon [FR]  NAA M8
activityCoefficient M4 M4 UMIFACAL M4
bubblePointT emperature WLE MAa NZA MAa
density M EOS Aimagat [ideal] M8
denzityvolume [pure) M EOS “Yen and Woods MN.AA
dewPointTemperature WLE MAa NZA MAa .
etthalpy SumOfPhases EOS |deal+Excess [RFE
entropy SumlfPhazes EOS From activity coefficient N4 —
excessEnthalpy M A From activity coefficient W A& compre_wbllltyFactor d Ok I
fugacity Moy EQS From activity coefficient N4 dewPointPrezzure
fugacityCoefficient M A EOS From activity cosfficient  NAA& gibbzFreeEnergy Eeme |
heatOf aporization M MAA Fitzer MAA heatCapacity
logFugaciyCoefficient  NAA EOS From activity coefficient  NAA ideal asE nthalpy
vaporFressune Mia MA8 Antoine MAa surfaceT ension
surfaceT ension [pure]
thermalConductivity
Add property I Dielete property | th37m§|cﬂndUCl|V|tP [pure]
wizcozity LI
wizenzibn [moral
Help | LCheck | Store | Restore | Ok I Cancel |

= Property derivatives
= Support for external (CAPE OPEN compliant) physical property packages.

TEA is a reimplementation in C++ of the property package in ChemSep, combined with the pure
component databank from ChemSep. TEA can be (and has been) used in any other CO
compliant process modeling system.

The Unit Operations package (COUSCOUS) contains general-purpose unit operations such as
a mixer, splitter, heat exchanger, a flash, and a property tester:
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Due to the nature of CO interfacing, COUSCOUS unit operations can be mixed transparently
with 3 party unit operations. COUSCOUS currently provides only a limited number of unit
operations (there is currently only one reactor for which conversions have to be specified) but
since the interfaces are open, end users can add their own unit operation models.

COCO does not include a model for distillation, absorption, and extraction columns. Those units
can be simulated using ChemSep.



The illustration below shows COCO being used to model the HDA process. This flowsheet has
3 columns, all modeled using ChemSep.
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In summary, The COCO Kitchen serves:

CAPE-OPEN based flowsheeting environment

Good interoperability; include units from different sources

* Many flavors of thermodynamic and physical properties

» Support for external (CAPE OPEN compatible) thermodynamic routines (property
calculations and equilibrium calculations)

The ultimate tester for CAPE-OPEN compatibility

Still on the stove are:

» Excel interface to COFE

» Petroleum fractions

Additional unit operations
Import/export of numeric interfaces
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Availability

COCO is freely available from http://www.cocosimulator.org/

ChemSep-Lite is included in the COCO installation program, and also is freely available from http://www.chemsep.com/. The full
version of ChemSep is available for educational use from the CACHE corporation (http://www.cache.org/). For ChemSep licenses
for non-educational use please write to taylor@clarkson.edu.

For more information on CAPE OPEN visit http://www.colan.org/.



