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ABSTRACT

Design of a reformer consisting of combustion chamber and reforming chamber was investigated for a
1 kW and a 5 kW polymer electrolyte membrane fuel cell (PEMFC), respectively, using the computational fluid
dynamics (CFD). First, the 1kW reformer was considered to obtain the reliability of the numerical study. It
was modeled, calculated and compared with experimental data. Second, the 5kW reformer was considered for
a geometric study. Three tip sizes (35, 40, and 45 mm) and five aspect ratios was selected. It was found that
the optimum was at tip sizes of 40 and 45 mm, at aspect ratios of -10% and -20% of the standard length.
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Nomenclature
A, . pre-exponential factor
C,, . molar concentration of species j in reaction r
(), C, : realizable k—¢ model constant
D, : mass diffusion coefficient for species i,
m’/s
E . total energy
E, : activation energy of reaction r

Gy, G, : turbulence kinetic energy due to the mean
veloeity gradients and buoyancy
k . turbulence kinetic energy
k. . effective thermal conductivity
ki ..k, : forward and backward rate constant
for reaction r

K, . equilibrium constant for the ™ reaction
M, : molecular weight of species i

P : static pressure

R : universal gas constant

R, : source term of species i

9, : heat sources

9 : mean strain rate

S, 5. @ generalized source term

S, : turbulent schmidt number

T : static temperature

u,u, @ gas and particle velocity

w.u, : mean velocity components

i»u;  fluctuating velocity components
7z, . coordinate of directions

Y : mass fraction of species i

r : finite rate/eddy dissipation third-body rate

€ : turbulence dissipation rate

7 : ratio of turbulence to mean shear time
scale

7.7, rate exponent for reactant and product
species j in reaction r

i : dynamic viscosity
1y T turbulent viscosity
v . kinematic viscosity
J2 : gas density

o0, © yurbulent prandtl numbers for k and ¢
(7:1),4; + deviatoric stress tensor
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v, .0, ¢ stoichiometric coefficient for reactant and
product i in reaction r
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Fig. 1 Schematics of a reformer with a cooler.
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Table | Governing equations

Continuity z, PU _mg ®
I B T B i NI B
i Momentum \ )= p( i e L s (pu + 7, )
8 ar
Frerey o B = gy () ]S ®
Gas species VoY, )=v ((pD +%)V Y;\Jr}@ 4)
o %
o [l n aA
T /)Au o, i;a-% : +(;A pet S, (5)
K2 3 # | e e

Turbulence ! +pG +.5 6

3(1?]» ’Oﬁu. 91; Hl af) J p S pC:) + ‘V/V€ ¢ ()

where, 0, =1.0,0, =12, C, zmax(()‘ziii,#}g), G =19, ,,]:S_i;, §= /285, N
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R=M 3T _—uv )k I[]C.1™

! “"l,; = v f;vl;[l[ i 7], 4,+ Pre-exponential factor, 8, © <52
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Table 2 Global reactions and reaction constants for reforming reactions

i~ EJRT
k=477 5%

Reactor Reaction Ar(unit) E; (J/kmol) B: Cata. Ref.
CHH0—CO+3H, 7.75e+14 (}m3/km01/s) 2.10e+08 0 Ni an

STR CO+HO0CO+H; 6.41e4+07 (1n3fkrnol/s) 2.19e+07 0 Ni (11)
CH4+2H,0—COyt4H, 4.15e+14 (m(‘f kmol’/ s} 2.142+08 0 Ni 1

i HTS CO+H0—->COs+H; 5.57e+07 (m%kmol/ s) 1.00e+07 0 Fe (11)
LTS COrH0-COHH, 5.57¢+07 (m’/kmol/s) 4.39¢+08 0 Cu an

Trans. of the Korean Hydrogen and New Energy Societ/{2010. 10}, Vol. 21, No. 5 367
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Condition Value
8l
N [yl Temperature 300K
@ Mixed S0WIMK
£} —
3 Mixed AOWIMK
] Convection  30WmK
{5) Convection  50Wim2K
& Width (W)

Fig. 2 Wall boundary conditions.
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Table 3 Operating conditions for the 1kW reformer

Zone Fuel/Oxidizer | Species Fl((l)/\;vm;a}te Tatgp.
Fuel CH, 2.0 300
Combustion
Oxidizer Air 22.9 300
Fuel CHy 4.0 300
Reforming —
Oxidizer H0 10.9 300
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Velocity[m/s}

7.40e+00
7 03e+00
©.66e+00
6.28e+00
5.82e+00
5.680+00
£ 18e+00
4.81e+00
4 44e+00
4. 07e+00
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2 89Ge+D0
2 68esD0
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F3.71e-01
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Fig. 3 Distribution of velocity in the 1kW reformer.
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Fig. 4 Distribution of temperature in the 1kW reformer: (a)
distribution, (b) temperature variation against the position of
the reforming part.
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Fig. 5 Mole fraction distributions of various species in the reforming part of the 1kW reformer.
o8
B ARR ETANY 2 hed 24S $5718
Alo)gkar AW EE Hy 765%, COx 19.1%, CO:
0.6 1 ..
0.1%, CHs 43%% iA1= ATk o] v AE 32 Hy
S 05
2 + 77.9%, COx: 183%, CO: 0.3%, CHy: 0.9% %t
& 04
r
2 o3 al Xt
5. bkw= JH&D| oA & uE
82 1
) 5.1 Elitip) 3719 4
0 . . kWi A7 @4 483t J3 e A=
L] 0.4 0.2 POSi:.::n[m] 04 05 06 O] 13] Ea}, \.C.’. L'TL7}' "S(BI‘D] fos ] 7\1 n]. 5kWJ 7H 7371 p=%
@ A ol ARE A A7k 1983 sl
o ' ol £ =&edME skwWi /HA7E ez, A
o sTR | s LTS A7)9] F8 A WA NEr] EA 7A= %
.8 i -
L &S A Egdt) o] wf F8 FA WAL dAts
£7 1
7} AT A NERE TFE T3 AL
08 -
5 051 o o Q& "tipel 2719} HF710] Zojd st
5 051 -
§ o - 1 2AYE kWS A el 382 A
g e = *}%OP%C} MA7] el zh wgFaich AA 2
& frxstelol 1 Aol Sist % T Utk o
ho AT AL A H2E] FFE
....... —— AePA dartey §5 2 EHdge a3 §
03 04 05 06 2ol A dasi B dtdAE Fig. 19 b
Position[m] Bl ARY daBo MARE £33 F7F Alo]
Q)]

Fig. 6 Mole fraction variations of species in the reforming part
of the 1kW reformer: (a) dry, (b) wet.
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Fig. 7 Effect of tip size on the flow distribution in two channels in the 5 kW reformer: (a) 35 mm, (b) 40 mm, (¢} 45 mm.
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Table 4 Outer and inner flow rate and H, mole fraction for
three tip sizes

Tip size| Outer flow rate |Inner flow rate |H; mole fraction
(mm) (V/min) {/min) (%)

35 82.7 17.3 64
40 833 16.7 63
45 71.0 29.0 65
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Fig. 8 Effect of length on temperature distribution in the 5kW reformer.
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