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Analysis of Differential Pressure Performance and Uniformity Index
According to Flow Field Design and Inlet Flow Rate in PEMFC
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hksuh@kongju.ac.kr Abstract >> This study aims to provide fundamental data to improve proton ex-

_ change membrane fuel cell (PEMFC) performance. A physical model of the bipo-
Ez\iies'zzd E gzzzr;gz zgzj lar plate was reverse engineered by 3D scanning, and straight, micro-mesh, and
Accepted 24 December, 2024  Wavy channels were analyzed. Differential pressure, internal flow character-

istics, and uniformity index were evaluated under various inlet flow rates. The re-
sults show that increased inlet flow rates raised pressure and velocity, while wa-
vy and baffled channels disturbed flow uniformity and resultsd in uneven
distribution. In contrast, micro-mesh and converging-diverging straight channels
promoted uniform flow and reduced pressure drop. Therefore, straight and mi-
cro-mesh channels are recommended for optimized PEMFC performance.
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Fig. 1. The digital reconstruction of bipolar plates. (a) Schematics
of biplar plates type A for H, and O, flow area analysis. (b) H
fluid domain of type A. (c) O fluid domain of type A. (d) Schematics
of biplar plates type B for H, and O flow area analysis. (e) H2
fluid domain of type B. (f) O fluid domain of type B.
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Fig. 2. Anode and cathode flow fields within the bipolar plates.
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Table 1. Analysis boundary conditions

Content Condition
Working fluid Ha, O,
Operating pressure (atm) 1.5
Outlet pressure (atm) 1
Inlet temperature H, 65
(C) 0,
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A .26, 2.
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h B > >
Mass flow Cathode (02) 7.17,8.96
rate (LPM) 0.63,1.25, 1.88,
Anode (F2) 251,3.14
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Fig. 3. Measurement position of all condition. (a) Measurement
position of type A. (b) Measurement position of type B.
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Table 2. Measurement position of all section

All section A channel (N) B channel (N)
Section 1 1-8 1-16
Section 2 9-16 17-32
Section 3 17-24 33-48
Section 4 25-32 49-64
Section 5 33-40 65-80
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Table 3. The number of elements used for grid dependency

Model Elements
Mesh size 1 10,772,451
Mesh size 2 10,811,612
Mesh size 3 10,842,965
Mesh size 4 10,909,105
Mesh size 5 13,152,546

(b)

Fig. 5. Mesh geometry of flow channel. (a) Mesh geometry of
type A in mesh size 4. (b) Mesh geometry of type B in mesh
size 4.
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Fig. 9. Spatially averaged pressure and velocity comparison in
two bipolar plates each condition. (a) Comparison pressure in H,
channel. (b) Comparison pressure in Oz channel. (c) Comparison
velocity in Hz channel. (d) Comparison velocity in O, channel.
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Table 4. Uniformity index in all condition

. Type A Type B
Condition
Umnz Uo2 Uz Uz
Case 1 0.0953 0.0501 0.4325 0.0716
Case 2 0.0912 0.0477 0.4360 0.0728
Case 3 0.0963 0.0500 0.4394 0.0745
Case 4 0.0969 0.0500 0.4422 0.0756
Case 5 0.0976 0.0501 0.4500 0.0766

Uniformity Index
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Fig. 10. Comparison uniformity index in all mass flow rate
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