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Abstract — Results of the analysis of a catalytic membrane reactor for the water gas shift (WGS) reaction are presented and
discussed using CFD (computational fluid dynamics) technique. Reaction kinetic expressions were researched, and Langmuir-
Hinshelwood kinetic’s expression gives the best result. The optimal operation temperature was found out to be 630K. A CFD
module for the palladium (Pd) membrane, separating hydrogen, was also developed, simulated and compared to the refer-
ences. It easily simulates the effects of the reaction temperature, pressure, sweep gas flow rate, sweep gas flow direction and
palladium membrane thickness on the CO conversion of the catalytic membrane reactor. Results of the analysis are very useful
in the commercialization of the hydrogen-generation process, and the developed simulation framework is easily adaptable for
further design and modification when more detailed profiles are necessary.

Key words: CFD (computational fluid dynamics), Water Gas Shift Reaction, Catalytic Membrane Reactor
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Fig. 1. Schematic diagram of catalytic membrane reactor.
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Fig. 2. Membrane part of the catalytic membrane reactor.
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Fig. 4. Schematic of the catalytic reactor analyzed.
Catalyst (low-temperature catalyst) Sweep area

/ Lumen area W

[slssiog e /
50
Reactants Inlet < > [

el 8
Sweep Inlet (N)  IBEEEEEEE >

i N l sl

40

ALY sl

Fig. 5. Schematic of the catalytic membrane reactor analyzed.
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FsollUR], WaAke 9 slekgEel tisliAl= First order upwind
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—— ¥
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Convergence )
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2y

e

Solve Eddy
Dissipation

Update Properties
(including User-Defined
Properties)

Fig. 8. Solution procedure of the Segregated Solve.
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A7 2 EREg el tgk vEg- £5224]91 L-H(Langmuir-Hinshelwood)
23} Temkin ZE2le] ofsh 3xk4) 2 3173 w8715 HART
1243, EAA|[B]9) Al e Babd e} 3R S Wit

Fig. @1/ Hi= vle} o] 31X [5](simul. Data(A. Criscuolil &
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Fig. 9. CO conversion versus time factor for the reaction test (T=595
P=1 atm).
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Table 1. Simulation results (CO conversion) for the reaction test (T=595 K, P=1 atm)
Time Experi. Data Simul. Data Simul-1 Simul. Data Simul-2 Simul. Data
factor (A. Criscuoli) (A. Criscuoli) (L-H:FLUENT) (HYSYS) (L-H:FLUENT) (Temkin:FLUENT)
4,140 29.80 24.90 25.45 25.48 24.65 20.06
5,000 34.90 30.40 29.15 29.21 28.28 23.19
7,610 37.60 40.20 38.37 38.50 37.37 31.18
15,450 45.70 57.10 55.35 55.60 54.25 46.83

)7t s & 5 k. olefgh xlol= FAIARIA] eal® & 4 gl
o o]5 FHEy] &l HYSYSE o]83t 11420 FAlollA xgE
(precision® 10°2% o] ESit}. 71 A} HYSYSE ©] 83t Fo| &2
Yh(simul. Data (HYSYSP} 2 A7-9] ZAR 2 (simul-1(L-H:FLUENT);
precision=10°-10"97} 2|3t 3h& B3 tK(Table 1).772]1L o]2]3t &
APARRE L-H Bdof] tisiA] BAlst Arjo]r] E3X|2] BAFE T
TS ZARES & 5= 3ok R Temking: o83 RARE = L-H
of vl Bxl vk HekEgke Bt

78]3 HYSYS ¥ FLUENTE o] &34 131808 BARE A=
T BT AR 22 2XE e 3 BAF A
o}, o]edt AN I AR fAlEEe] = whselA & 24t
£ 7HE 5 vk webA] EAXE 2EE dElelx] FLUENTE ©18
3 RARITH11). BAF 23 Fig. @ simul-2(L-H:FLUENTR}F 20
] 2RS4 92 gl vlEl oigk 1.19%] HslEo] o
A vtk
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