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What is ChemSep?

- Just another distillation column
simulator.

* Features the original nonequilibrium
column model.

* Widely used in academia.

- Few commercial users
- despite considerable interest.
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Nonequilibrium
Stage Model

Nearly everybody has one!

]

Aspen Tech
Simulation Sciences ESSCOR
Ve |V, | L x, Chemstations
" PSE
Vapor film Liquid film and many more...

All inspired by the
model in ChemSep!



Model Issues:

1. Mass transfer coefficients
and interfacial areas

2. Hold up and pressure drop

3. Flow models



Flow Modeling is Critical!

* Mixed flow
* Plug flow
* Dispersion flow
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CO ChemSep: Why?

+ Little commercial use
- despite considerable interest.

(because it did not function with
flowsheet simulators).

+ CAPE-OPEN provides a way to make
ChemSep function with any CO process
simulator.
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Two more concerns:

1. Equipment design
2. Physical Properties



Equipment Design

 Bubble cap trays
« Sieve trays
» Valve trays

« Random packings

-

>

e Structured packings 6
* Rotating disc contactors O
« and more ‘

B design mode: computer

B simulation: own input!

-

Y




Model requirements: Properties|
|

Activity Coefficients [_)ensit_i_es
Vapor pressures Viscosities
Fugacity coefficients Surface tension

Thermal conductivities
Heat capacities

K-values Interfacial areas
Enthalpies Mass transfer coefficients
Heat transfer coefficients
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Chem3ep {THM} - Heq2 vw5.@8s
Copyright{c) R.Taylor and H.A.Kooijman 1991-2805
Checking data file C:%\DOCUME™1%cs\LOCALS™1%Temp\CS1l
Cape Open unit name: CSCO_BABAB1EY
Cape-0Open unit id: CSCO_BO8BAB1EY
Cape Open Initialized
Cape Open Thermodynamic-properties enabled
Reading component property data
Reading thermodynamic property options
Reading physical property options
Reading thermodynamic property data
EDS parameters missing - set to zero
Reading column specifications
Checking Component Data

Hydrogen

Hethane

Benzene

Toluene

Biphenyl
Determining feed conditions

Reading initial temperature profiles
Reading initial composition profiles
Reading column design data

Design mode OH

Reading user data

Starting Hewtons method

Ctrl-Break will terminate execution

Iteration Error

4. 2578E-M1
1._4244E- 82
G .8413E-83
2.7587E-83
1.5641E-63
8.1047E-84
4.2011E-84
2.2700E-84
1.2014E-84
6 .356 BE- A5
Convergence obtained in 9 iterations

L= B = R T B =L R ]

run time: 3.9 seconds
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Proce 0 o a0 _I_I- D il
=
C1IN
[l =¥ | wla [ |
&Ml ChemSep Unit “CSCO_DD0001E4™ X|

WAZA

Perturbiation | Flazh I Fuorts I I =

Status & Feoots | 1l Moerstion | | [

gl calculations report:

Cape-0Open thermo-properties were enabled
Cape-0Open thermo-dynamics were OHLY used for calculating K-Ualues {fugacities) and enthalpies
Cape-Open diffusion coefficients were disabled

Cape-0Open supplied derivatives were disabled

Cape-0Open supplied molar derivatives were disabled Fi
= Inlet re-flash: <none> -

Outlet flash: FH

Perturbation has been used to determine d H / d P

Perturbation has been used to determine d H F d T I

Perturbation has been used to determine d H fF d =

Perturbation has been used to determine d K f d P

Perturbation has been used to determine d K F d T —!

Perturbation has been used to determine d K / d x and d K 7 d y

Relative perturbation of pressure: @.881

Relative perturbation of temperature: 8.881

Perturbation of composition: 8.881 |
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~lof x| =121 x]

creating unit operation...
detected Aspen COSE
initializing...

performing Edit()...
initializing as new file...

fixing components in Sep file...
performing Edit()...

connecting port BottomProduct to stream
connecting port TopProduct to stream
connecting port Feed stage6 to stream
performing Edit()...

disconnecting port Feed stageé from stream ALIMCOLT
connecting port Feed stageé to stream
disconnecting port TopProduct from stream P1IH
connecting port TopProduct to stream
disconnecting port BottomProduct from stream DIPHEHYL
connecting port BottomProduct to stream
disconnecting port Feed stageé from stream ALIMCOLT
connecting port Feed stageé to stream
disconnecting port TopProduct from stream P1IH
connecting port TopProduct to stream
disconnecting port BottomProduct from stream DIPHEHYL
connecting port BottomProduct to stream
performing Edit()...
starting calculate at B89/82/2885 f 15:31:46
connected to material object Feed stagef:
485 386556946 Temperature
183421.3595 Pressure
8 Vapour fraction
8 Component 1 flow
8 Component 2 flow
2.22449814801e-0887 Component 3 flow
0.0080747230278751 Component 4 flow
B.080586408770421 Component 5 flow
run time: 17 seconds
1 Converged
37 Iterations

using sep file C:ADOCUHE™1%\csALOCALS™1\Temp\CSCO_BABAAAA1EL.cep
starting Chemsep: “c:\Documents and SettingsicsiMy DocumentsiChemSepibiniwincs.exe /fCape-Open Fkpld Fnew="C:\DOCUHE ___TE]

starting Chemsep: “c:\Documents and SettingsicsiMy Documentsi\ChemSepi\biniwincs.exe™ /fCape-Open fkpld fcc C:\DOCUME™1

starting Chemsep: “c:\Documents and SettingsicsiMy Documentsi\ChemSepibiniwincs.exe™ /fCape-Open /fkpld C:\DOGUHME™1\csh

starting Chemsep: “c:\Documents and SettingsicsiMy DocumentsiChemSepibiniwincs.exe” /fCape-Open Fkpld C:A\DOCUHE™1%csh

-

o -
Materlal wharsphc 11 CherScpl O Cheraep TemTube

STREAMS MisMSpli...  “hemSepUC 20 ChemS.. TestTube

For Help, press F1
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I? Mixerz/Spliters Separatars Heat Exchangers | Columnz: | Reactors Pressure Changers b anipulataors I Salids I zer Model: CAPE-OPEN |
Material & ‘ wharsphc 11 CherScpl O Cheraep TemTube ’
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Simulation run completed
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File Edit ©Check Tools Help
0 = 0 E -~ - I Dlil
= =
o Tie Tables | Graphs | McCabe-Thisks | FUG |
o Components
o Dperation
E|‘f Properties Select table: IStreamS | wLTatle Edit T able Copy T able Table font
----- Lo Phwsical properl
—f Feeds E o
H+f" Specifications Stream Feed Ta =
1] Bottom
a4 o Bnalysiz
Stage 5 1 7
f Pressures Pressure (N/m2) 103421 103421 103421
-+ Heaters/Cooler: Vapour fraction (=) 0.000000  0.000000  O.000000
- Design Temperature (K) 407,373 33F.7R9 22,743
wf” Calumn specs Erthalpy (3/kmal) 8.4822E+07 3.7330E+07 1.8276E+08
Entro 1 kmal A 305769 272550 425133
FToL | 2+ Fesults py (3/kmal/K) »
Mole flows C[kmol/s)
. Graphs Hydragen 0.000000  0.000000  0.000000
. Methane 0. 000000 0. 000000 0. 000000
- Mclabe-Thisls Benzene 2.2513E-07 2.2455E-07 5.8157E-10
- FIG Toluene F.E052E-04  FL4457E-04 5.9471E-06 —
i Bipheny] 6.6111E-04 7.2346E-05 5.8876E-04
Unitz . pheny LT
- Solve options Total molar flow 0.00141186 2.1714E-04 5.9471E-04
- Pathsz
Mole fractions (-)
Hy drogen 0. 000000 0. 000000 0. 000000
Methane 0. Q00000 0, Q00000 0, Q00000
Eenzene 1.5946E-04 2.7480E-04 9,7790E-07
Toluene 0.531524 0.911190 0, 01000000
Bipheny] 0.468257 0.0885354 0.9859599 -
Kl ;IJ |
4 I I ﬂ 44 | BE -
ﬂ _ls |c3g | CADOCUME1YcsiLOCALS~1 TemplCS175F~1,5EP 21U v
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CO ChemSep: Issues

* Using CAPE-OPEN thermo greatly
increases run time.

* Most simulation packages do not provide
binary Maxwell-Stefan diffusion
coefficients.

+ SMILES and UNIFAC structures should
be CO property constants.



What is ChemSep Now?

* More than just a distillation column
simulator.

* Features the original nonequilibrium column
model.

* Functions with your favorite process
flowsheet simulator
- as long as it is CAPE-OPEN compliant.

+ Tested with Aspen Plus, HYSYS, COCO(?).
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llzeCOSE Thermo FALSE - Units _ T A
zeCOSE DiffusionCoefficients FalLSE - Salve options E
U zePeturbedD envativesOnly FalLSE - Paths Eﬁ
UzePerturbed_dd- FalSE ~
Suppresstw arnings FalLSE ‘,:'I'J 06
R elativePerturbation T emperature 0.001 =
RelativePerturbationPrezsure .00 =
PerturbationComposition 0.0m o
InletF eflazh <noner =04
DutletFlazh TP =
UseOnipky sluestndE nthalpyFromCOSE FALSE 1] | =
TrullzingRestantData TRLE [5 [cs | CADOCUME~ richard), & 02
-
Show GUI
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o Tite Tables | Graphs McCabe-Thisle | UG |
- Components
-~ Operation
=l Properties Auto-zelect key comp's |
o Thermadynamic
—nf” Physical proper K.ey component 1 IF'erane j
-+f Reactions
—nf Feeds K.ey component 2 In-Butane j
H-+" Specifications _
o Binalysis Display [~ Graph settings
o Pressures
o Heaters/Cooler:
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o Column specs I! gnuplot graph ;lglﬂ
B — Unit operation ChemSepUD_Z: E-+ Fesults
s , - Tables McCabe-Thiele diagram for Propane - n-Butane
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What's next for CO ChemSep?

* Three-phase nonequilibrium model
- Flow models
- Reactive distillation

www.chemsep.org


http://www.chemsep.org/

