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Optimizing the Manifold Design of a Fuel Cell Stack for Uniform
Distribution of Reactant Gases within Fuel Cell Channels

A-Rae Jo', Kyung-Mun Kang’, Sung-Jin Oh", Hyun-chul Ju™"
Key Words : Fuel cell(918 FX]), Stack(=~H}), Manifold("j1]ZE), Flow distribution(+7-&+-3), Porous media(t}-3% ©]t/o])
ABSTRACT

The main function of fuel cell manifold is to render reactants distribution as uniform as possible into a fuel cell stack. The
purpose of this study is to numerically investigate the effects of stack manifold design on reactants distribution within a fuel
cell stack. Four manifold designs with different manifold entrance shapes (expansion or diffuser) and different values of the
extra width between the cell outer channel and manifold side wall are considered and applied to the fuel cell stack consisting
of 50 cells. Since the fuel cell stack geometry involves several millions of grid points for numerical calculations, a parallel
computing methodology is employed to substantially reduce the computational time and overcome the memory requirement. The
numerical simulations are carried out and calculated results clearly demonstrate that both the manifold entrance shape and extra
width have a substantial influence on manifold performance, controlling the degree of flow separation and entrance length for
fully developed flow in the manifold channel. Finally, we suggest the optimum design of fuel cell manifold based on the

simulation results.
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Table 1 Stack properties and operating conditions [Pal] [Pal
StaCl? Value Oper:aFlng Value 1705.11 1702.74
properties conditions orse F—— s
Cell / channel Operating § e 152435
number(Anode) 20/ 8 EA current density 0.34 Afen o — -
Gas channel width / Operating . 28 aasor
depth 1.05 / 0.7 mm temperature 60 C L o
Cell-to—cell distance 365 mm Anode inlet 100 % 56837 56758
in manifold axis ' humidification | at 60C o 7830
Area of inlet and 4.54><10’5 m2 Hg ) 30 % 189.46 189.19
outlet concentration 000 | 000
Simplified channel Stoichiometry
length 162 mm (anode) 1.33 ®)
Gas permeability for P . ,
the simplified channel 6.16x10° m? | Active area | 133 cmx

2.2, A W72 ’
B /\g o5

-

AL WA (©
WPy () =0 1) Fig. 1 (a) Schematic of fuel cell stack. (b) Comparison
ot oz ‘

i of pressure drop in actual channel and simplified
channel. (c) schematic of simplified fuel cell stack
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o [ [ou ou 2 oy 2 kHi(,m)_i _B_k} 4)
— 1S5 p pku;) = pt
oz M( ox; ox; 3 Vo ot oz; T oy | 0%
+ %(— pU U j)

J

A (2)dA] HolE= £3(Reynolds stresses) & TF-x
2t

(5

TP I G

T JHA 358 WUES > | ) ) ) ) ) )
Fig. 2 Geometric configuration of manifold entrance region

(a)
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Table 2 Manifold geometry parameters for simulation cases

Design parameter Independent

snp variable

Case Type of Manifold | Manifold | manifold | Manifold

entrance geometry |extra width| length height
1 Expansion 5 mm
2 Diffuser 5 mm

- 20 mm | 14 mm
3 Diffuser 0 mm
4 Diffuser 10 mm

‘otal length of channel and rib @ 14.35 mm
Manifold inlet area : 45.36 mm?

50 cell - 2% cell

000 459 918 [ 1835 294 275 212 w11 4130 4588

—
e

50 cell 77 1% cell

Fig. 4 Velocity distribution in the cross—section of the
manifold for (a) Case 1 and (b) Case 2

Fig. 3+ Case 1 ¥ Case 2°) ti3t vjyZx= A sk ¢
o] - (stream line)S Yepd Z1olt), g 7kav) FH
ol A UH‘/]”‘EEE oz uf f-5o " o] F7lste] “H
HEE ol A(stall) o] TAYETE 2 Aol A= Agarwal
o] Ak 7)4&4' “]’ZW]'X]E UH‘/] 1H°ﬂ/\1 "5‘4"4%] '?r
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Fig. 5 Deviation of the mass flow rate of each cell for (a) case
1 and (b) case 2.: the mass flow rate flowing into each channel
is normalized by the average value as calculated in Eq. (8)
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Fig. 6 Velocity distribution in the cross—section of the manifold for
(a) Case 3 and (b) Case 4
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Fig. 7 Deviation of the mass flow rate of each cell for (a) case
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Fig. 9 (a) Velocity distribution in the cross-section of the

manifold for optimized case. (b) Deviation of the mass flow

rate of each cell for optimized case :

the mass flow rate

flowing into each channel is normalized by the average value
as calculated in Eq. (8)
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Table 3 Manifold geometry parameters for simulation cases
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Table 4 Mass flow rate variation between channels in the
simulation cases

Case Standard deviation(D)
1 0.002184
2 0.001644
3 0.000749
4 0.002383
Optimum 0.000276
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