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Numerical Study on Operating Parameters and Shapes of a Steam Reformer
for Hydrogen Production from Methane
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Abstract

The steam reformer for hydrogen production from methane is studied by a numerical method. Langmuir-
Hinshelwood model is incorporated for catalytic surface reactions, and the pseudo-homogeneous model is
used to take into account local equilibrium phenomena between a catalyst and bulk gas. Dominant chemical
reactions are Steam Reforming (SR) reaction, Water-Gas Shift (WGS) reaction, and Direct Steam Reforming
(DSR) reaction. The numerical results are validated with experimental results at the same operating conditions.
Using the validated code, parametric study has been numerically performed in view of the steam reformer
performance. As increasing a wall temperature, the fuel conversion increases due to the high heat transfer rate.
When Steam to Carbon Ratio (SCR) increases, the concentration of carbon monoxide decreases since WGS
reaction becomes more active. When increasing Gas Hourly Space Velocity (GHSV), the fuel conversion
decreases due to the heat transfer limitation and the low residence time. The reactor shape effects are also
investigated. The length and radius of cylindrical reactors are changed at the same catalyst volume. The
longer steam reformer is, the better steam reformer performs. However, system energy efficiency decreases
due to the large pressure drop.
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Fig. 1 The computational domain of the steam reformer

Table 2 Dominant chemical reactions

Steam Reforming(SR) reaction
CH,; +H,0 < CO + 3H,

AH 0=2.06x10° kJ/kmol
Water-Gas Shift(WGS) reaction
CO+H,0 — CO, +H,

AHp05= -4.10x10* kJ/kmol

Direct Steam Reforming(DSR) reaction
CH; +2H,0 < CO,+4H,

AH 205=1.65%10° kJ/kmol

)

(€)]

(10)

Table 3 Reaction rate equations

_L (F’CH4 PHZO - P»iz Peo/Ka)
P,f (1+KoPo + KHz PHz + KC}—L PC,_L + KHZO PHZO / PH2 )

1
(11
r :ﬁ (PcoPHzo - PHZ ch / Kez)

’ PH2 (1+KeoPeo + KHZ PHZ + KCH4 PcH4 + KHZOPHZO / PHZ )2 (12)

7& (PCH4 Pﬁzo - P;:z ch / Kez)
P:i: (1+KeoFeo + KH2 PHZ + Kcm Pcv-t, + KHZO PHZO / PHZ )2

3

a3

Table 4"9 Parameters of intrinsic rate equations

Kinetic parameter, ki=kq;><exp(-E;/RT)

Reaction  kg[kmol/kg-h] E;[kJ/kmol]
1 4.225>%10"bar™ 240100
2 1.955>10%ar"? 67130
3 1.020>10"bar® 243900
Equilibrium constants, K.;
Reaction K
1 5.75%10"exp(-11476/T) bar’
2 1.26X107exp(4639/T)  bar’
3 7.2410"exp(-21646/T) bar
Adsorption constant, ki=k;>}<exp(-AH;/RT)
Species  Ki[/bar] AH; [kJ/kmol]
CH, 6.65x10™ -38280
CcO 8.23x107 -70650
H,O 1.77<10° bar -88680
H, 6.12>10” -82900
Table 5 Boundary conditions
E’g’mer Xx=0 - T=T,, C=C,  (14)
Reformer o a/ &/ _
outlet x=L: %9)(_0 @_0 (15)
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Table 7 Steam reformer operating conditions

Wall Inlet

SCR GHSV

temp. temp
Fig. 4 Changed 500C 3.0 2500/h
Fig. 5 800°C Changed 3.0 2500/h
Fig. 6 800°C 500C Changed 2500/h

Fig. 7 800C 500C 3.0 Changed
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