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Presentation outline

» Introduction

» Example problem specification
» Scilab Unit Operation

» Closing the loop

» Excel Unit Operation

» Conclusions
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Example problem specification |

xP,ethanol / xP,water

a =
xR,ethanol / xR,water

A

Stream Feed |Unit fR

Pressure 1 atm | f=—=—=—- N M—l
Temperature 298.15|K

Flow rate 100 [mol/s Retentate el Pcrmeate >= 99 mol% Ethanol

Mole frac Water 63 % i
Mole frac Ethanol| 37 |% Membrane

Column

Bottom product >= 99 mol% water
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Example problem specification Il

X P ethanol / X P ,water

a =
X R .ethanol / X R water

—() o_JIr
Y fx

- Retentate |f”/ * >= 99 mol% Ethanoal

Membrane
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Example problem specification Il

Package Mode Configure - Help

M arne: waker-ethanol
Drezcription:
M odel zet; NRTL 0 Hes —
Compounds: | |
name: Feed unik
E':Eter | I~ Skream
ana l-  Connections Column
w _ Owverall
pressUre 1 atrm
temperature 298 .15 I,
male fraction W ater)] b3 et
male fraction [Ethanol] 37 4
Flow 100 mal £ =
ff ! 28.394983 g/ mal

I Compound Flows

I~ Phase Fractions

[ TR .-| nnnnnn
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Scilab Unit operation |

= SciLab CAPE-OPEN Unit Operation:

Forts F'arametergl Flepnrtsl SEiLaI:lI Additional fileal Abaut I

Feed ports: Froduct parks:
Mame | #| Connected ko M ame f Eunnectedj
Feed 1 Fermeate 1

Retentate 2
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Scilab Unit operation |l

' SciLab CAPE-OPENM Unit Operation:

Ports  Parameters | Flepcurtzl SEiLaI:uI Additional filezl Abot I

M arme | T_l,lpel Directinnl Ualuel Defaultl Minl Ma:-:l Urit of measure

zepFactor Real |nput i
oLk Real Input [.E
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Scilab Unit operation Il

/[ compound indices:
water=1,
ethanol=2;

/[parameter values:
alpha=getParameter('sepFactor’);
theta=getParameter(‘cut’);

/[feed values
XF=getFeedProp(1,'fraction’);
FF=getFeedProp(1,totalFlow");
TF=getFeedProp(1,'temperature");,
PF=getFeedProp(1,'pressure’);

//product flows (explicit solution of theta=FP/FR and FF=FP+FR):
FR=FF/(theta+1);
FP=theta*FR,;
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Scilab Unit operation IV

/[function to calculate compositions from XPE:
function [XP,XR]=GetCompositions(XPE)
XP=[1-XPE,XPE];
XRE=(FF*XF(ethanol)-FP*XPE)/FR;
XR=[1-XRE,XRE];

endfunction

/[function to solve compositions

function errorValue=CompositionFunction(XPE)
//get the compositions given XPE:
[XP,XR]=GetCompositions(XPE);

/[return the error in alpha

errorValue= (XP(ethanol)/XP(water))/(XR(ethanol)/XR(water))-alpha;

endfunction
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Scilab Unit operation VI

//solve for the compositions to match alpha:
XPE=fsolve(0.999,CompositionFunction);

//[the compositions at solutions are then
[XP,XR]=GetCompositions(XPE);

//set the permeate, given FP, XP, TF, PF
setProduct(1,FP,XP,'temperature’, TF,'pressure’,PF);
//set the retentate, given FR, XR, TF, PF
setProduct(2,FR,XR,'temperature’, TF,'pressure',PF);
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Closing the loop

i Retentate et

Membrane

»

k@

Column
Bottom product

Stream Feed Distillate | Retentate | Permeate |Bottom product|Unit
Pressure 1 1 1 1 1 atm
Temperature 298.15 351.471 351.471 351.471 373.774 K
Flow rate 100 98.9368 61.8355 37.1013 52-8887 mol /s
Mole frac Water | 63 15 23.7344 0442614 | 99.9 %
Mole frac Ethanol| 37 85 76.2656 99.5574 0.1 %
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Excel Unit Operation |

E Microsoft Excel - Worksheet in Excel unit operation

@J File Edit Mew Insert  Format  Tools Data Window  Help

A1 - i
A B C ] E F 5 H
_T F H flow male fractions
Name [K] [Fa] [Jirmal] [moliz]
Feed

L B e R N R

10

4 4 » Hﬁ o rmds & producks £ input parameters £ oukput parameters 4 calculations il
Ready T~
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B C [ E F (5 H
1 T F H flonw male fractions
2 |Name [K] [Fa] [Jimaol] [molis]
3 |Permeate
=

Fetentate
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Excel Unit Operation Il

alpha > e 70 -

A B > D E
1 |name value min max m
2 |zepFactor I ?El_l
-3 |cut U.b
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ChemSep
Excel Unit Operation IV

A B C D E F (5
1 T = H flaw mole fractions
2 Name [K] [Fa] [Jirmal] [molf=]  WWater Ethanal
3 |Feed 3514708 101325 -38k78.5 434629 0.15 .55
a1
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Excel Unit Operation V

A B |
1 |F retentate =feedslEa/theta+1) molis
2 |F permeate =theta™B molis
3
4 % p ethanol guess .99 molfmal Initial quess 1
5 % p ethanol .99 molfmal WWill be solved
b X powater =1-B5 molfmal
{ |# rethanal =(feeds|EFfeeds|G3-B2*B51/E1 molfmaol
o |*rwater =1-B7 molfmaol
S
10 |alpha =(Bo/Bh)/(B7 /B0)
11 |errar =B10-alpha
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Excel Unit Operation VI
A, | | C D E F
1] T F H flow maole fractions
2 Name [] [Fa] [Jfrmal] [molis] WWater
3 |Permeate =feeds!B3 =feedslC3 =calculations!B2 =calculations!Bb
4 |Fetentate =feeds!B3 =feeds!C3 =calculations!B1 =calculations!BE
5
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Conclusions:

» Need for custom models

» Only enter model equations

» Use existing solvers

» Solutions: Scilab, Matlab, Excel

» Context: CAPE-OPEN

» Simulation environment: COCO / ChemSep

» Suitable for research and teaching
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» Download COCO: http://www.cocosimulator.org/

» ChemSep: http://www.chemsep.com/

» CAPE-OPEN standards: http://www.colan.org/
» Matlab, Scilab, Excel Unit Operations:

http://www.amsterchem.com/
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