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Computational Fluid Dynamics Analysis of 25 kW Plate Type
Methane-steam Reformer

Donghoon Shin, Hyegyung Seo, Heechun Lim, Sangduk Lee
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Abstract @ The plate reformer consisting of combustion chamber and reforming
chamber for 25 kW MCFC stack has been operated and computational fluid dynamics
was applied to estimate reactions and thermal fluid behavior in the reformer.
The methane air 2-stage reaction was assumed in the combustion chamber, and
three step steam reforming reactions were included in the calculation. Flow
uniformity, reaction rate and species distribution, and temperature distribution
were analyzed. In particular, temperature distribution was compared with the
measurements to show good agreement in the combustion chamber, however,
inappropriate agreement in the reformer chamber.
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Table 1 Reformer dimensions and contents

3 8 AP ¥
71 &4 ©$ chamber 5 chambers = 43
Dimension 750PID x 16mmL
Ao EH5/89 Ni A /3.2¢ x 3.2mmL cylinder
ZF2F 3.67 £ (4530 g)
AAYE Y+ holedia./ 7|5 | 7.0mm/ 1 7}
Reformate & hole dia. / 7§4= | 8.0 mm /3 7
M ¥ CHq + H,0
a4 @9l chamber 6 chambers 2 T4
Dimension 750PID x 22mmL
A2 AR Eoidrys
sy 4}—%—/ el Pd 7] /2.5 ~ 3.5mm® sphere
FF 3.00 (EE 1178 g)
Ag ¥ 0.8® sieve hole 1127}
A5 YT holedia./ 7f= 3.5mm/5 7
AbshA] 17+ hole dia./ 74 | 8.0mm/3 7}
A 7b2 Z T hole dia. / 7§45 | 8.0mm/5 7)
Az / Ak CHis + Na/ Air

4759 4 F flow pattem

counter current

Table 2 Reactions and reaction coefficients
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oA 13
e (J/kgmol) (1/seq) e
CH4+ 1.50:-> CO + 2H,0 2e+07 5012411 | QAFZ
CO + 030, -> CO, 1.7¢+08 2.23%+12 | AAFZH
CH4 + H,0 -> CO + 3H, 2. 4e+08° 94%+15¢ | ARF
CO +H,0 -> CO; + H, 6.713e+07° | 439e+05¢ | AT
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Fig. 3 3-D calculation mesh
for gas distributor flow

Fig. 2 2-D calculation analysis
mesh for cross-sectional

flow analysis of 25kW

plate reformer
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Table 3 Operation conditions for 25 kW plate type reformer

R
9 % LR =4 25K
RE| 5 stetg (Nm3/hr) %E(K)
CH, 336 600
dazd
Axd N; 24.24 600
378 Air 80 600
CHy 6.52 1000
kR NE7bs
H.0 19.6 1000
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Fig. 4 Temperature measurement result of 25 kW plate
type reformer
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Fig. 5 Velocity

Fig. 6 Temperature
Vectors (K)
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Fig. 9 Measured and Fig. 10 Measured and
calculated temperatures in  calculated temperatures in
the combustion chamber  the reforming chamber
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Fig. 11 Streamtines in  Fig. 12 Y-velocity distribution
the cross-section of the at the bottom of the reforming
reforming chamber chamber
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Fig. 14 Velocity magnitude
contour
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