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Structural Deformation and Flow Analysis for
Designing Air Plate of a Fuel Cell

Jihae Yang and Jungsun Park

Key Words: PEMFC(LE A8 A8 AE AA]), Nonlinear Material(8]41% A F), Finite Element Method
(824 %9), Pressure Distribution(3t= £ ¥)

Abstract

In this paper, structural analysis is performed to investigate the deformation of porous media in a
proton exchange membrane fuel cell (PEMFC). Structural deformation of air plate of the fuel cell
causes the change in configuration and cross sectional area of the channel. The distributions of mass
flow rate and pressure are major factors to decide the performance of a PEMFC. These factors are
affected by channel configuration of air plate. Two kinds of numerical air plate models are suggested
for flow analyses. Deformed porous media and undeformed porous media are considered for the two
models. The Numerical flow analysis resuits between deformed porous media and undeformed porous
media have some discrepancy in pressure distribution. The pressure and velocity distribution under a
working condition are numerically calculated to predict the performance of the air plates. Pressure and
velocity distributions are compared for two models. It is shown that structural deformation makes
difference in flow analysis results.
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Table 1 Material property of air plate

Component Property
Elastic Modulus (E) 48 GPa
Poisson’s ratio ( v) 0.2

y
i

Fig. 2 Configuration of model and boundary

condition for structure analysis
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Table 2 Change in sectional Area of a channel
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Before | After | Ratio (%)
Area (mm’)| 128 | 1106 | 13623

Width (mm) 16 1.600 0.011

Height (mm) 0.8 0.691 13671
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Fig. 5 Von Mises stress contour of total model
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Fig. 8 Configuration of channel in air plate
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4,805
4407
4.010
3613
3218
2818
2421
2.024
1827
1.229

Fig. 10 Velocity distribution without structural
deformation

Outlet

Fig. 9 Location of pressure difference
surveying station : Fig. 11 Pressure distribution without
structural deformation
Table 3 Pressure difference between
inlet and outlet Table 4 Pressure difference between

. Pressure infet and outlet
ne Difference(Pa) ] Pressure
1 1259.30 Line Difference(Pa)
3 1265.10 2 1856.82
4 1265.67 3 185441
4 .
5 1269.71 185581
5 1854.95
6 1264.02
6 1856.52
7 1263.05
7 1855.05
8 1260.64 3 1855.05
Average 1263.66 Average 1855.23
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Fig. 12 Velocity distribution with structural

deformation

Fig. 13 Pressure distribution with structural

deformation

g Ao nEsEkA gL
}slg wiustd 1 zbelst Hi
31.88%% AF3ES & + Atk Az 4= AgEt

& v W3t Table SOl YepAT. F+24 ©
Be nEg A% BF YEAE 1855.23Pa0| 1L
nslx] ¢& #AL9 Hi YHAE 1263.66Pa
oty Fldlle U7 EFAtole dEAE
A713 EANE ey e FEFE AT,
ol AHmo| ¢Fzatrt EAsoF HrlEshukgol
olg] AAME Eol wiEEs] dFo] AsAx A
28] AAel a&S uelste EAE 24sd
otstc}, o)A 53E Thomas Mennola®e] T
Ang AvEd A4 Ads5HA 7&ES uT

j-as}

A
o

7igel £% Y 883

Table 5 Pressure difference comparison
between A and B

(Pa)

Line A B Diff(%/ro(;nce
1 1259.30 1853.25 32.05
2 1261.80 1856.82 32.04
3 1265.10 1854.41 31.77
4 1265.67 1855.81 31.80
5 1269.71 1854.95 31.55
6 1264.02 1856.52 3191
7 1263.05 1855.05 3191
8 1260.64 1855.05 32.04
Average | 1263.66 1855.23 31.88

A Without structural deformation
B: With structural deformation
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