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Abstract

To improve the heat transfer performance of cooling plates for proton exchange membrane fuel
cells, this paper numerically investigates the heat transfer performance of metal foam cooling
plates. The study examines the heat transfer performance of metal foam cooling plates with differ-
ent pore densities and porosities. Furthermore, the metal foam cooling plate is compared with
straight-channel and serpentine cooling plates under various heat fluxes, flow velocities, and cool-
ant temperatures. The results show that the metal foam can control the overall temperature, but
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the pressure drop increases to a certain extent. An increase in heat flux further raises the tempera-
ture. Itis recommended to comprehensively control the temperature by increasing the coolant flow
velocity and reducing the coolant temperature.
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Figure 1. Physical model of metal foam cooling plate
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Table 1. Parameters of the cooling plate and coolant

1. REMRAS AR S ]

24 RHRZH RS
21 (kg/m3) 2250 992.2
MFHEW/mK) 24 0.62
AR (J/kg K) 690 4179
K (Pa-s) 0.001 0.001
ol 2(W/m?) 5000
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Figure 2. Model validation
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Figure 3. Schematic diagram of metal foam mesh
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Table 2. independence validation

2. TRMIE

53 PR 4L Tave (K) AT 1R 22 (%)
M 1 501,273 341.55 0.143
WA 2 1,019,342 341.87 0.050
WA 3 1,492,384 341.95 0.026
WA 4 2,014,273 342.01 0.009
M 5 2,501,289 342.04
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Figure 4. Temperature of metal foam cooling plate and reference models
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Figure 5. Velocity of metal foam cooling plate and reference models
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Table 3. Performance indicators of different cooling plates

% 3. FEDSEMTM AEIEAT

model AT (K) Tinax (K) Ur AP (Pa)
model 1 8.893 342.043 0.997213 228.979
model 2 14.599 347.749 0.994194 11.679
model 3 12.214 345.364 0.997214 158.143

K5 Dy B IR S G IR R Rl T 2w Il = MY vh < J TRV SR K T B 228.979 Pa, 2=
MR R R, SRIETEA IR 1.45 ff, RERA IR 19.6 . @JRILARA AR KRR BN,
HEARGUE SRS EERZ GBI RAR R LG E T SO AR B AR BERA AR MA 12
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Figure 6. Effect of pore density on metal foam cooling plate
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Figure 7. Effect of porosity on metal foam cooling plate
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Figure 8. Effect of heat flux on metal foam cooling plate
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Figure 9. Effect of coolant temperature on metal foam cooling plate
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Figure 10. Effect of flow velocity on metal foam cooling plate
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