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This document shows how it is possible to use ChemSep as a unit
operation model in a CO compliant flowsheet simulation executive
(COSE). In this illustration, we see the well known HDA process as

implemented in Aspen Plus.

The HDA process contains a number of units that could be modeled
using CO ChemSep. This includes the flash unit (far right., center), and
three distillation columns (lower half). In this illustration we will replace

the third distillation column.
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Click on column 3 and press the delete
column model.

key to remove the Aspen Plus
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In this illustration we see that Column 3 has vanished from the
flowsheet.
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Drag a ChemSep UO from the collection of CAPE OPEN units.




[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window] = INETET|
A Fle Edt Wew Dsta Tools Run Flowshest Lbrary Window Help oy [
D|EE| @ =lel W] E]s) s)-ela] b o A R e R A A o
l Eed PR Y R 2T IS | fi|&|mj_ﬁ—|§¥\-|@‘ GLOBAL QB@”

|

2l Choose Sep File: NPT
 [esea
¢ Chogse an gristing file

Cancel

TOLUENE

P B

Clamigu
= =

K| | 3

C3 Misers/Spitters | Separatore | Heat Exchangers | Cokumns | Fieactors | Pressue Changers | Maripulatars | Solids | LUser Models  CAPE-OPEN |

Material v‘ e '

STREAMS | MisNSpli., chemSepUC 20 ChemS.  TestTube

For Help, press Fi [, sty DocUmentsiCOMO_cases | [ [ [Flowsheet hok Complets

Double click on the ChemSep UO and you will be asked if you wish to
create a new file or work with an existing model. In this case we select
new file.
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The CO ChemSep GUI appears. Note the button to launch the
ChemSep GUI. But first, just to show off, we will take a look at the
various tabs that can be seen on this page beginning with this one; the
Status and Report tab that shows that the unit has not been validated.
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The Unit Operation tab provides buttons that allow you to start a new
(Chem)Sep file, import an old one, or edit the current file.
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On the Options panel you may choose to use a CAPE OPEN
thermodynamic property package or the property calculations that are
built into ChemSep. If CO properties are selected you will be given the
option for ChemSep to use only CAPE OPEN thermodynamic
properties (K-values and enthalpies) — in which case ChemSep uses its
own internal methods for estimating other properties. You also will have
the option to estimate partial derivatives of thermodynamic properties
numerically (in case the COSE does not provide correct derivative
information).
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The size of any perturbation to temperature, pressure and composition
to use while estimating derivatives may be entered on the Perturbation
panel. The default values are 0.001 times the absolute values of the
variable.
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On the Flash panel you may choose to have inlet and exit streams
flashed using CO thermodynamics (normally you should do this). The
type of flash calculation is specified on this panel.
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The Ports panel shows the input and output streams and to which

stream on the flowsheet they are connected. At this stage none of the
streams are connected.
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This panel is the equivalent of the “about” panel that accompanies most
Windows programs.
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Click on the ChemSep Interface button to launch the ChemSep GUI.

The tree on the left hand side mimics the main level menus of prior
versions of ChemSep. The red X to the left of most the branches of the
tree indicate that input is incomplete and no results are available (in this
case that is hardly surprising since we have not done anything yet).
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On the components panel we see that no components are available to
ChemSep. This is because the current version of Aspen Plus does not
make component identities available at this stage. A future version of
Aspen Plus will make component identities available.
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The operation panel shown above is largely blank until the user selects
a model from the list shown in the upper one third. ChemSep is mainly
a single column simulation program with the added capability of
modeling single equilibrium flashes.
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If a column (equilibrium or nonequilibrium) is to be modeled the user
must provide some details of the column configuration: what kind (if
any) of condenser and reboiler is present, how many stages are to be
modeled and the stage location of any feeds, sidestreams and
pumparounds. A schematic diagram of the column appears in the
window on the right. The feed stage has not yet been set which is why
that item appears in red.
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We may use ChemSep’s own thermodynamic property routines if we
wish. In this case the property models must be selected.

The lower half of the panel remains blank until the user selects a model
that requires parameters. Parameters can be typed in by the user or
loaded from libraries. The * in the figures indicated that default values
are assigned. For the PR model shown here the default values are
zero, for activity coefficient models ChemSep will use UNIFAC to
estimate any missing parameters. The right hand half of the upper
panel is normally blank until the user clicks in the checkbox at the top
(as is done here so that the reference state for enthalpy and entropy
calculations is displayed so that they can be changed if desired).
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At this point we close the ChemSep interface so that we can complete
connecting the CO ChemSep UO to the plant flowsheet. In the normal
way connect the inlet and outlet streams to the ChemSep UO block.
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Now click on the ChemSep UO block again to bring up the UO interface
once more. Go to the ports panel to verify that all streams are
connected as they should be.
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We close the ChemSep GUI once more and return to Aspen Plus.
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For Help, press F1

[c:h.. s\My Documentsicomo_cases |

Launch the ChemSep GUI and we will now see a complete list of

components.
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+f Operation
=+ Properties
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o Themedmamic | {“pp o apes (1]
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and two of the temperature, pressure and vapar fraction (2]
- The pressure in each stage [

- % Pressures - The heat duty on each stage except rebailers and condsnsers (8],
« ¥ Heaters/Cooler: the heat duty will be assumed to be zero unless specified differently

- The pressure in the condenser (1)
- For the condenser you must sslect ane variabls to specity [1)
- The pressure in the rebailer (1]

- X Results - For the reboiler you must select ane varisble to specify (1]
Tables Therefare, the total number of dearees of freedom is 23
- Graphs
-McCabe-Thisle:
Urits

4 > <« >

[n

Material ™ M B i
STREAMS MixhSpli “hemSeplIC 20 ChemS. TestTube

| CH\DOCUME~11cs\LOCALS 1\ Temp|C51741~1 .5EF

For Help, press F1

[c:h.. s\My Documentsicomo_cases |

Complete the column specifications. This panel shows a degrees of
freedom analysis.
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[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window]
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= X Results
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4 > <« >
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o

S

STREAMS ' MisNSpli. ChemSeplC 20 ChemS..  TestTube
For Help, press F1

[c:h.. s\My Documentsicomo_cases |

Column pressures and heat duties are specified on their own
specification panels (the heat losses panel is shown below).



[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window]
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~f Pndysis Isert Renave
-+ Pressures
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= X Results

Tables

- Graphs

- McCabe-Thile
Urits:
Solve options
Paths

Stage heat exchangsis:

_»IJ
Mixers/S plitt

4 > <« >
. [ [ | C:\DOCUME~1 s\ LOCALS~11Templ51 741~1.5EP
Material

o

S

I R TS [ R )
STREAMS MixhSpli “hemSeplIC 20 ChemS. TestTube

For Help, press F1

[c:h.. s\My Documentsicomo_cases |

The heat losses from the column (normally assumed to be zero) are
recorded on the panel shown above.



[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window]

: EIE
b Fle Edt Wew Dsta Tools Run Flowshest Lbrary Window Help oy [ |
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ENChemSep - C51741~1.5EP —[ol x|
Fle Edit Check Tools Help
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+f Tile “f Aralysis | +f Pressures |+ Heaters/Coolers X Column spesfcations | X Dasign | —=
¥ Comporents Column Froduct Speciicati
o Dperation P
=+ Properties Top product name Top Condenser duty name |Deondenser
~ Thermodynamic|
= « Physical pope | Top specfication | Feflus ratio i [ [ETT ]
‘ +f Fieactions
- ot 1
- X Spectications
o Bnalysiz
f Fressuies
o Heaters/Cooler | Battom pioduct name | Ectiom Reboiler dutyname | Qreboiler
X Design
X Column specs | | Boltom specification | Component recavery == 8]
X Resuts Boilp alio
- Tables Heat duty of reboiler
Graphs Temperature of reboler
Mot abe-Thiele Bollom product flaw rale
Units Reboiled vapour flow
Camponent flow
- Solve options ~Product Guesses (optionall oie fraction of  companent
- Paths ’ Y
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Splt between two components
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] _»IJ
[x Misers./Split
. ¥ e« | » |
. 5 [n [ CADOCUME -1\ cs\LOCALS~1YTempyCS 17411 SEP 4

Material

STREAMS | MishSpli. ChemSepUC 20 ChemS.  TestTube

[For Help, press F1 [c:h.. s\My Documents\COMO_cases | [ | [

To complete the problem specification we provide the final column
specifications. ChemSep allows the specification of any column
variable as well as all of the usual top and bottom product
specifications. In this example we specify the reflux ratio and the mass
flow rate of the bottoms product. The latter is a non-standard

specification that is made by picking Flexible from the drop down list of
bottom specifications.
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[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window] B NEIES
b Fle Edt Wew Dsta Tools Run Flowshest Lbrary Window Help oy [ |
Di=a 2R =@ || E@-lalsl6le] wf| mE vl =] @ ol Sle]| o)) s
e PN e e 1 B R N s
ENChemSep - C51741~1.5EP % —[ol x|
Fle Edit Check Toos Help
HlZ
+f Tile f Analysis | " Pressures | + Heaters/Coers |+ Column spesifications ¢ Dessin | —
o Components ( Inlemals Desian
<nff” Operation 3
FJ"(?F::"‘BS } Insert | Remove | System factor  |* Impart design
. « Physical proper| i |
i  Fieactions sclion 1
X Fosds Column sk |
Fiist stage Bubble cap ha) 1
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-+ X Design oo fow model [ -0 tege
Lo Column spess e frmeee] alnlxd
Bl X Resuls Pressue dion Fin Edt Boskmk Optiens Help
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[x Misers./Split Sep 000
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Materia B DAt e
packing
STREAMS | MisNSph. hemSepUC 20 ChemS. TestTube Structured packing
For Help, press F1 =

For a nonequilibrium simulation we must say something about the type
of column. Here we see the design panel on which the equipment
design details for the column are recorded. Technical help is available
for the the perplexed (the panel in the lower right hand corner). Locating
the cursor on the field(s) on the top line (Column internals) brings up a
pull down list from which the user selects the type of tray or packing (a
single column can have many different types of internal; if desired). In
addition, a spreadsheet appears at the bottom of the panel in which the
design details for that section are recorded. If the diameter is left
unspecified (denoted by a *) ChemSep enters design mode and the
internals are sized during the simulation. ChemSep incorporates
methods for the simultaneous design of many different kinds of column
internal.
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In this case we have chosen a sieve tray. The column is automatically
divided into a number of sections according to how many feed and

product streams there are. The panel above shows default
most things.

settings for

ChemSep includes over 40 correlations for mass transfer coefficients in

different types of column, as well as 18 different ways
pressure drop and 16 for holdup.

to estimate
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Reinitialize calculations: Uise when you do not want the next execution of the:
selected item to start with the previous results.

ou want b reinitialize

Select an item from the list or select ALL for all items :
Selection

Available [fems
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’—_Cb aK I Cancel Help

Misers/Spitters | Separatore | Heat Exchangers | Cokmns | Feactors | Pressue Changers | Manipulatars | Solids | LUser Models  CAPE-DPEN |

Material v‘

STREAMS MixhSpli “hemSeplIC 20 ChemS. TestTube
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[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window] ; INETET|
b Fle Edt Wew Dsta Tools Run Flowshest Lbrary Window Help oy [=] |
D|=|d| Sl fld | fdl-r|gls|<la] wf] | D v (1] =] bRl | &lr) G| FHE
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[ |

.
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For Help, press F1 [c:h.. sitly DocumentsicoMO_cases | [ [ |Ready to execute block B1

This panel appears when Aspen Plus is asked to reinitialize variables.
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For Help, press F1 [:h.. sity DocumentsiCoMO_cases | [ [ |Ready to execute block B1

It isn’t obvious from the illustration but when this screen image was
recorded the flowsheet calculations were taking place.



[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window]
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ﬁmu\annn run completed

[c:1.. s\My DocumenksiCOMO_cases [ [Resules Awailable

The flowsheet has converged. Click on the ChemSep UO symbol.
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Status:
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TOLUENE
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Output - Show
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[l Aspen Plus - HDAap_Demo.apw - [Pracess Flowsheet Window] = INETET|
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STREAMS | MisNSpli. chewSepUC 0 ChemS.  TestTube
Emu\atinn run completed 2. s\My DocumerksiCOMO_cases [ [Resules Awailable

The ChemSep UO wrapper interface appears. We see here that the

column itself (not the flowsheet) converged in 9 iterations.
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| About |
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[Resules Awailable

[C:h.. s\My DocumenksiCOMO_cases [

Emu\atlnn run completed

Now we are going to repeat the calculations but use the thermodynamic
models available from the COSE (the first check). In this case only K-
values and enthalpies will be computed by the COSE (the second
check), all other physical properties will be calculated internally.

Derivatives will be obtained numerically (the third check).
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The flowsheet is reinitialized.
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And the flowsheet converged again.
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[l Aspen Plus - HDAap_Demo.apw

Misers/Spliters | Separators | HeatExchangers | Columns | Fieactors | Pressure Changers

Material v‘

STREAMS MixhSpli ChemSeplIC 20 Chems. TestTube

Maripulatars | Solids | LUserModels ~ CAPE-DPEN |

oy

. JEIE]
Fle Edt View Dats Tools Run Flowshest Library Window Help
D|=|E| Sl fl@ | fl-|sl|s|<la] wf] | v («] =] bl o) ©lr) G| FHE
= PN N R ET I | fi|&|mj_ﬁ—|§¥\-|@‘ GLOBAL QB@”
i Process Flowsheet Window =10f x|
C1IN
x|
Fetwbaton | Flsh | Fats | Abou |
Status & Reports | Unit Operation | Options | .; -
Stalus:
1 Corverged =]
4 lteratiors
=l
Ficport
Output - Show
COLB =
[ )
Cam s
| | ALIMCOLT
|_¢ DIPHENYL BENZ
v
| Hoa

For Help, press F1 [C:,. s\My DocumenksiCOMO_cases [

[Resules Awailable

Click on the UO symbol to bring up the UO interface.
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ChemSep (TH) - Heq2 u5.88s

Copyright{c) R.Taylor and H.A.Kooijman 1991-2065
Checking data file C:\DOCUHE™1\cs\LOCALS™1\Temp\CS1l

Cape Open unit name: CSCO_B@AGB1EY4
Cape-Open unit id: CSCO_@P0A61EY
Cape Open Initialized

Cape Open Thermodynamic-properties enabled
Reading component property data
Reading thermodynamic property options
Reading physical property options
Reading thermodynamic property data
EOS 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 ON

Reading user data

Starting Hewtons method

Ctrl-Break will terminate execution

Iteration Error

2578E-01
L244E-82
B8413E-83
7507E-03
S641E-83
1B47E-BY
2911E-04
27 0BE-84
2014E-BY
3560E-085
Convergence obtained in 9 iterations
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run time: 2.9 seconds
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| =] Show
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BENZ

Pressue Changere | Maripulators | Solids | UserModsls  CAPE-DPEN |

Material ‘ e Oenzun ooy Teate

STREAMS

Mixh Sl ChemSeplIC 20 ChemS. TestTube

o

For Help, press F1

[C21.. s\My DocumenksiCOMO_cases [

[Resules Awailable

Here we see one of the reports that can be displayed by the UOI. In this
case we see the output from the program that would normally be
displayed on screen, but in CO model is redirected to a file.
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2l Calculations report:

Cape-0Open thermo-properties were enabled :J
Cape-Open thermo-dynamics were ONLY used for calculating K-Ualues (Fugacities) and enthalpies
Cape-0Open diffusion coefficients were disabled

Cape-0Open supplied derivatives were disabled

Cape-Open supplied molar derivatives were disabled

= |inlet re-flash: <none>

Outlet flash: PH

Perturbation has been used to determine
Perturbation has been used to determine
Perturbation has been used to determine
Perturbation has been used to determine
Perturbation has been used to determine
Perturbation has been used to determine

RouT

coocan
===
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and d K /dy

Relative perturbation of pressure: @.061
Relative perturbation of temperature: 8.881
Perturbation of composition: 0.061

Misers/Spitters | Separatore | Heat Exchangers | Cokumns | Feactors |  Pressue Changers | Maripultors | Solids | LUser Models  CAPE-DPEN |

Material ™ ‘ IIIIIII I!II!I IIIIII IIIIII

STREAMS MixhSpli “hemSeplIC 20 Chems. TestTube
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For Help, press F1 a1, s\My DocumenksiCOMO_cases [ [Resules Awailabls

This panel shows a different report; this one indicates
thermodynamic properties were calculated from a CO package.

that
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creating unit operation...

detected Aspen COSE

initializing...

performing Edit()...

initializing as new file...

using sep file C:\DOCUHE™1\cs\LOCALS™\Temp\CSCO_B00BB1EL.sep

Fixing components in Sep file...

performing Edit().

connecting port BottomProduct to stream
connecting port TopProduct to stream
connecting port Feed_stages to stream
performing Edit().
starting Chemsep:
disconnecting port Feed_stageé from stream ALIMCOLT
connecting port Feed stageé to stream
disconnecting port TopProduct from stream P1IN
connecting port TopProduct to stream
disconnecting port BottomProduct from stream DIPHEHYL
connecting port BottonProduct to stream
disconnecting port Feed_stageé from stream ALIMCOLT
connecting port Feed stageé to stream
disconnecting port TopProduct from stream P1IN
connecting port TopProduct to stream
disconnecting port BottomProduct from stream DIPHEHYL
connecting port BottonProduct to stream
performing Edit(})...
starting calculate at 69/62/2685 7/ 15:31:46

connected to material object Feed stage6:
LuB5.386556946 Temperature
163421.3595 Pressure
8 Vapour fraction
8 Conponent 1 flow
8 Conponent 2 flow
2.224498148081e- 0887 Component 3 flow
0.000747230278751 Component 4 flow
0.0005864077 0421 Component 5 flow
run time: 17 seconds

1 Converged

37 Iterations

starting Chemsep: "c:\Documents and Settings\cs\My Documents\ChemSep\bin\wincs.
starting Chemsep: "c:\Documents and Settings\cs\My Documents\ChemSep\bin\wincs.

starting Chemsep: "c:\Documents and Settings\cs\My Documents\ChemSepibiniwincs.

c:\Documents and Settings\cs\My DocumentsiChemSepibiniwincs.

exe" /Cape-Open /Fkpld /new="G:\DOCUHE _;I

exe" /Cape-Open /Fkpld fcc C:\DOCUME™

exe” /Cape-Open /fkpld C:\DOCUHE™1\cs\

exe” /Cape-Open /Fkpld C:\ADDCUHE™1\cs\

=
Material v‘ bt 11 Denzo oo TomTuic

STREAMS MixhSpli “hemSeplIC 20 Chems. TestTube

For Help, press F1

[Cat,. s\My DocumenksiCOMO_cases [

[Resules Awailable

And this report shows CO calls.
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[l Aspen Plus - HDAap_Demo.apw

Columns | Reactors | Pressue Changere | Maripulators | Solids | UserModsl:  CAPE-DPEN |

Material Y ‘

STREAMS | MisNSph. chemSepUC 0 ChemS. TestTube
ﬁmu\annn run completed

=lal x|
File Edit View Data Tools Run Flowshest Library Window Help
D|=|E| Sl fld | (gl s|<la) wf] | D v (1] =] bl | &lr) G| e
e PN e ER T R N - T s T
i Process Flowsheet Window =101
Pl a| B
gD
|_C:> [ |3 ALIMCOLT -
-
K| | Ay
[x Misers/Spliters | Separators | Heat Exchangers
-

[c:t.. s\My DocumenksiCOMO_cases [

The flowsheet again.

[Resules Awailable
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[l spen Plus - testn2.apw

File Edit View Data Tools Run Flowshest Lbrary ‘window Help

NEIE

_I_I_|§I&|2IEI_I Ll-¢|m| s <le] || T ’|'>|'<|_I_I_H_|&||_I|EIEI|

I:hElIISEp CS175F~1.5EP =0 x!
| 5| |

= Fle Edt Check Took Help

FIIET

o Titls Tables | Graphs | McCabe-Trisks | FUG |
~+f Comporents

+ Operation

=+ Properties Select table: | Streams B XL Table Edit Table Copy Table Table font |

M.xers/ﬁpnne-s| Separatars | Heal Exchangers | Columns | Reactors | Fressure Changers | Manipulstors | Soids | UserModels | CAPEOPEN |

-
Material ‘
STREAMS Mixsr FSpht S5pit

= I

~ Physical proper
wf Feeds be|—o
e lrees | =" Speciications Stream Feed Top Bottom
o Analysis
Stage s 1 7
j:mwe;c o Pressure (N/m2) 103421 103421 103421
eaters/Cooler Vapour fraction (-) 0.000000  0.000000  0.000000
- Design Temperature (K) 407.373 387,769 522,743
_____ o Column sps Enthalpy (3/kmol) 8.4822E+407 3.7330E407 1.8276E+08
Entropy (1/kmol /K 305769 272550 425133
FTOL | B Results py O/kmo1/K) £
Mole flows (kmol/s)
Braphe Hydrogen 0.000000  0.000000  0.000000
) Methane 0.000000  0.000000  0.000000
MeCabe Thiele Benzene 2.2613E-07 2.2455E-07 5.8157E-10
FUG Toluene 7.5052E-04 7.4457E-04 5.9471E-06
< Urils Bipheny) 6.G111E-04 7.2346E-05 5.8876E-04 ™
~ Salve options Total molar flow 0.00141186 8. 1714E-04  5.9471E-04
- Paths
Mole fractions {-)
Hydrogen 0.000000  0.000000  0.000000
Methane 0.000000  0.000000  0.000000
Berzene 1.5946E-04 2.7480E-04 9.7790E-07
Toluene 0.531584  0.911150 0.01000000
Bipheny 0.468257 0.0885354  0.989999 -
L1 ;H
<| | e | |
ﬂ €38 | CDOCUMEL\cs|LOCALS~ 1\ TampIC5175F~1 SER Al

=10

For Help, press F1 [C:1.. s\My DocumenksiCOMO_cases [

[Resules Awailable

Relaunch the ChemSep GUI to inspect the results. This panel shows

the stream table, but many other tables are available.

Simulation results may be saved in a variety of formats such

as text,

html and csv. Tables and graphs may be sent directly to Excel (see the
buttons XL Table and XL Graph that sends the data directly to Excel

where it can be plotted.
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[l spen Plus - testn2.apw i R NEIES

File Edit View Data Tools Run Flowshest Lbrary ‘window Help
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I
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~+f Comporents
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B Mol ueash = L Takle [ ol
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ﬂ 1| TC [CDOCOME=TIESILOCALS~ 1 8MpICST /5F~1 .56 < Meth X Toluene ——

M.xers/ﬁpnne-s| Separatars | Heat Exchangers | Columns | Fieactors | Pressure Changers | Manipulators | Solids | User Models | CAPE-OPEN |

Material ‘ D '
STREAMS Miker FSplt ssmn
For Help, press F1 [C.. s\My Documents\COMO_cases | | | [Results Awailabls

ChemSep has extensive support for plotting almost any kind of column
profile including composition, flow, temperature, pressure, K-values and
much more. The plots are completely configurable. ChemSep uses the
Open Source package Gnuplot (for Windows) to display a plot in its own
separate window. The illustration shows two open windows with two
predefined ChemSep plots. The Graph settings checkbox (not visible)
allows the user to configure the details of the graph before it is
displayed.

McCabe-Thiele diagrams also can be constructed from the results of a
nonequilibrium simulation, and are just as useful for understanding
column behavior as they are for binary distillation. Note how the
triangles do not touch the equilibrium line (as of course, they should
not).
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[l spen Plus - testn2.apw NEIES
File Edit View Da 1B anuplot graph s =] |
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Parameter
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For Help, press F1 [C.. s\My Documents\COMO_cases | | | [Results Awailabls

Users can design their own plots and include them in the pull-down plot
selection list for future use. From the results of a nonequilibrium
simulation one can plot profiles of any physical property as well as
numerous design-related variables such as froth height in a tray
column, approach to flooding, or specific interfacial area (these are just
a few of very many variables that can be plotted). The plot on the right
hand side above shows the flow parameter and the superficial F-factor
as a function of tray number (height).
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