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Abstract : Research on flow channel designs of the separate plates is necessary to improve the
PEMFC performance. On concerning the performance improvement of PEMFC, many recent
studies have been made on the interdigitated flow channel using forced convection. In this
paper, the interdigitated flow channel is similarly applied on the parallel flow channel with a
baffle or baffles. Numerical analysis is performed by using a commercial multiphysics program,
which is called COMSOL, on the parallel channel with the fully blocked baffle(FBB) and there
are three variables, the position of baffle, flow direction and flow velocity. Each power of the
variables is resulted from the fixed 0.5V, the voltage from 80 percents of the maximum power.
Finally, based on the full factorial designs(FFD), one of the design of experiments(DOE), each
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factor which has several levels lead to the conclusion. The analysis of the main effects and
interactions of the factors is useful to find the most influenced factor to improve the power.

Keywords : PEMFC, Parallel channel, Baffle, FBB(Fully-Blocked Baffle), DOE(Design of Exper-

iment), Full Factorial Designs
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Fig. 1. The domain shape for the numerical analysis.
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Table 1. Parameters and value for design of domain

Description Value Units

Cell length 0.05 m

Channel height 0.001 m
Channel width 0.0018 m
Rib width 0.0012 m
Table 2. Material parameters and value
Description Value Units
GDL porosity 0.45 -
GDL permeability 1.2*%107" m?
GDL electric conductivity 82 S/m
Porous electrode thickness 7%107° m
Permeability of porous electrode ~ 2.4%¥10712 m?
Membrane conductivity 19.42 S/m

Membrane thickness 12.5%107¢ m

Table 3. Boundary condition

Description Value Units
. . 0.35~0.9
Boundary electric potential (step:0.05) \'%
Velocity field at wall, 0,0,0) m/s
u(x,y,z)
Exit pressure 0 Pa
(gauge pressure)
Table 4. Initial condition
Description Value Units
Cell temperature 333.15 K
Reference pressure 1 atm
Electrolyte potential 0 v
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Fig. 4. Graph of I-V and I-P in the condition which is
parallel flow and two baffles at P02 and P06.

Table 5. DOE(Design of Experiment) and Result

Experiment factors Result
Position FvV B Power(0.5V)
of Baffle [m/s] [W/em?]

No Baffle 2 Counter 0.25395
No Baffle 2 Parallel 0.25398
No Baffle 9 Counter 0.26936
No Baffle 9 Parallel 0.26938
P02 2 Counter 0.26665
P02 2 Parallel 0.26685
P02 9 Counter 0.29543
P02 9 Parallel 0.29649
P06 2 Counter 0.26533
P06 2 Parallel 0.26429
P06 9 Counter 0.29198
P06 9 Parallel 0.29005
P02-P06 2 Counter 0.27700
P02-P06 2 Parallel 0.27912
P02-P06 9 Counter 0.31379
P02-P06 9 Parallel 0.31848

1) Fv: Flow velocity, 2) Fd: Flow direction
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Table 6. Power data in the condition which is ‘Fv =6’
7 7
Num_Ba" Fv? Poweiv[i:)}\l//cm 1 Powero[r\lN/cm ] Error Remark
o »
[eal [m’s] Numerical analysis Regression equation [%] (Position of Baffle
0 6 0.26412 0.26680 -1.01 No Baffle
1 6 0.28272 0.28855 -2.06 P02
1 6 0.28272 0.28417 -0.51 P06
2 6 0.30132 0.30724 -1.96 P02-P06

1) Number of Baffle, 2) Fv: Flow velocity
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