Appendix C

Enhanced GMF Physical Model

C.1 GMF/OC Distillation Column Degrees Of Freedom

The GMF/OC representation of a simple distillation column along with the Structural Sets and as-
signed binary variables are shown in Table C.1. The GMF/OC equality constraints are enumerated,
based on the GMF model statistics provided in Appendix A.5. The placementsilistitutingand

Table C.1: GMF/OC Structural Data for a Simple Distillation Column
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supplementargonstraints is marked withiaand af.

Model Equations

Feed Splitters 2(I)
Upper Auxiliary Block (4EF+2EFC)
M/H Main Blockf (BNC+2NC C+4C+8EF
Lower Auxiliary Block (AEE+2EEC)
Cooler Module (AECF+ECEC)
Heater Module (AEHE+EHEQ)
Product Mixers (3P+P C)
Enthalpy Definitiong [1+(8+2NC) EF+2 EHE+2 ECF +P]
Equil. Const. Definitiong [I+(6+NC) EF+2 EHE+2 ECE+P] C
Module Pressure Spec (EE)
Reflux Ratio Definition 1)
Distillate Purity Spec 1)
Trays Per M/H modulé (EF)
Total: EE(5NC+3NC C+14C+26)H“F+FEHP)(3C+6)+P(2C+4)+|(C+3)+2

Model Variables

Flowratesi [(6+2NC)EE+ ECE+ FHE+P]
Component Flowrates (2NCEF+2EF)C
Molar Fractions (6EF+ECE+EHE+P)C
Temperatures [I+(8+NC) EF+2 ECE+2 EHE 1 p]
Heater Duty (EHE)
Cooler Duty (E°") & GMF/OC addi-
Enthalpiest [1+(8+2NC) EE+2 ECF+2 EHE +p]
Equilibrium Constantg [I+(6+NC) EF+2 ECE+2 EHE1+P]C
M/H module Pressure (EF)
Reflux Ratio 1)
Interconnection Flowrates 9)
M/H Module Trays} (EF)
Total: EE(ENC+3NC C+14C+24)H “E+EH P)(3C+6)+P(2C+3)+I(C+2)+10

tional variables:

Flowrates (Liquid and Vapoun)f”;, f¥,): 2(NC + 1)E*
Component Flowrates (Liquid and Vapouy:’; ., fc¥;.): 2(NC +1)EFC

2J,C

TemperaturesT. ;): (NC +2)E*
Enthalpies (Liquid and Vapoutl.,, HY,): 2(NC + 1)E*

Equilibrium Constant¢k. ;.): NCE®C
Trays of M/H modulegM.): EF
It must be noted that for presentational simplicity throughout this seetigias been assumed

the same for all M/H modules and replaced¥@. The equality constraints for the collocation point
locations and weighting functions were incorporated in the balances. Moreover, for the optimization



191

problem of Section 6.5.1 (whefe=2, EF=2, ECP=FHE=1 P=2, 1=1 andNC=4) the number of
trays petM/H module (//.) was assumed fixed, eliminating’€) degrees of freedom. Therefore,
the GMF/OC generated44 variables an®43 equality constraints, thus leaving the reflux as the
single degree of freedom to be optimized for the fixed design problem.
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C.2 GMF/OCFE Distillation Column Degrees Of Freedom

Below, T andi mark the locations ofubstitutingandsupplementarynformation, respectively.

Model Equations

Feed Splitters 2(1)
Upper Auxiliary Block (AEFP+2EFC)
M/H Main Blockt [(BNC+2NC C+2C+4)L+2C+4]EF
Lower Auxiliary Block (AEE+2EFC)
Cooler Module (4ECF+ECEC)
Heater Module (AEHE+EHEQ)
Product Mixers (3P+P C)
Enthalpy Definitiong [1+(6+2L NC+2L) EX+2 EFF+2 ECE+P]
Equil. Const. Definitions [I+(6+L NC) EE+2 EHE+2 ECE+P| C
Module Pressure Spec (EE)
Reflux Ratio Definition 1)
Distillate Purity Spec 1)
Summation of Trays Per M/H moduile (EF)

Sum: EEF[(SNC+3NC C+2C+6)L+12C+20]+#“E+EHE)(3C+6)+P(2C+4)+(C+3)+2
Model Variables

Flowratesi [(4+2L NC+2L)EF+ ECE+ EHE+p]
Component Flowratep (REPNC L+2EPL)C
Molar Fractions (6EE+ECFP+EHP+P)C
Temperatures [I+(6+L NC+2L) EF+2 ECE+2 EHE +p]
Heater Duty (EHE)
Cooler Duty (ECF) + GMF/OCFE
Enthalpiest [I+(6+2L NC+2L) EF+2 ECF+2 EHE+P]
Equilibrium Constantg [I+(6+L NC) EE+2 ECF+2 EHE+P]C
M/H module Pressure (EP)
Reflux Ratio (1)
Interconnection Flowrates 9)
M/H Module Trays (EEL)

Sum: EP[(BNC+3NC C+2C+7)L+12C+17]HC £+ E ) (3C+6)+P(2C+3)+I(C+2)+10
additional variables:

Flowrates (Liquid and Vapour)f’, ;, f¥,,): 2(NC +1)E”L

Component Flowrates (Liquid and Vapouyy?, ; ., fc!,;.): 2(NC+1)EPLC
TemperaturegT, ; ;): (NC +2)EFL

Enthalpies (Liquid and Vapouy’, ;, HY, ;): 2(NC + 1)E”L

Equilibrium Constant¢k. ; ;.): NC EXLC

Trays of M/H moduleg\z. ;): EFL

The GMF/OCFE equality constraints and variables were enumerated, based on the GMF statis-
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tics of Appendix A.5. For presentational simplicity in the above enumeratignis used as its
cardinality,|L.|, and it has been assumed the same for all M/H modules (which is in accord with
the examined GMF/OCFE case studies) and replacedl. biyor the examined problem of Section
6.5.2, whereC=2, EF=2, E¢P=FHE=1 P=2, |=1, L=2 andNC=2, the GMF/OCFE generated

266 variables. The number of equality constraints was found equzé3dincorporating the equa-
tions for the collocation point locations and weighting functions in the balances), thus leaving the
reflux and the tray number of one finite element pEH module, as th& degrees of freedom for

the fixed design optimization problem. The additioBalegrees of freedom were due to that fact
that although the overall number of trays ptH module was known, the boundaries of the Finite
Elements could not be specifiedpriori.



