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Abstract Heat management is one of the most critical issues in Polymer Electrolyte Membrane Fuel Cells (PEMFCs)
installed inside the fuel cell power pack of a fuel cell battery hybrid UPS. If the heat generated by the chemical
reaction in the fuel cell is not rapidly removed, the durability and performance of the fuel cell may be affected, which
may shorten its lifetime. Therefore, the objective of this study is to select and propose a proper cooling method for
the fuel cells used in the fuel cell power pack of a UPS. In order to find the most appropriate cooling method, the
various design factors affecting the cooling performance were studied. The numerical analysis was performed by a
commercial program, i.e., COMSOL Multiphysics. Firstly, the surface temperature of the 1 kW class fuel cell stack
with the cooling fans placed at the top was compared with the one with the cooling fans placed at the bottom. Various
rotation speeds of the cooling fan, viz. 2,500, 3,000, 3,500, and 4,000 RPM, were tested to determine the proper
cooling fan speed. In addition, the influence of the inhaled air flow rate was investigated by changing the porous
area of the grille, which is the entrance of the air flowing from the outside to the inside of the power pack. As a
result, it was found that for the operating conditions of the 1 kW class PEMFC to be acceptable, the cooling fan
was required to have a minimum rotating speed of 3500 RPM to maintain the fuel cell surface temperature within
an acceptable range. The results of this study can be effectively applied to the development of thermal management
technology for the fuel cells inside the fuel cell power pack of a UPS.
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Nomenclature

w width

D depth

H height

RPM  revolution per minute

p density, kg/m®

u velocity vector, m/s

U velocity, m/s

10 viscosity, kg/m-s

¢, specific heat, J/kg'K

k thermal conductivity, W/m K

d heat generation per unit volume, W/m?

Q total heat generation, W

V.o cell voltage, V

I cell current, A

n., number of cell
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Fig. 2. 3D modeling of PEMFC power pack
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Table 2. Geometrical parameters of PEMFC power pack

Parameters Values [mm]

Power Pack housing

Dimension, W < D <X H 800 x 550 x 280

Inlet

@ 750 x 50
Dimension ® 750 x 50
® 750 x 50
@ 350 x 50
® 450 x 50
® 450 x 50
Outlet Dimension @ 2040
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Fig. 3. 3D modeling of PEMFC stack

Table 3. Specification of cooling fan[10]

Max.
velocity
[RPM]

Max. flow
rate

[m®/s]

0.0434

Input
power

(Wl
336

Max. gage
pressure
[Pa]

Noise
[dB(4)]

2,500 63 38.0

4.80 3,000 0.0515 90 44.0

6.48 3,500 0.062 112.58 47.0

8.64 4,000 0.070 150 51.0
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Fig. 4. Electricity and heat generation curve
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Table 4. Loss coefficient about opening ratio of grille[11]

o Egritte a K gritte
0 oo 0.50 3.8
0.05 1000 0.55 2.8
0.10 250 0.60 2.0
0.15 85 0.65 1.5
0.20 52 0.70 1.1
0.25 30 0.75 0.78
0.30 17 0.80 0.53
0.35 11 0.85 0.35
0.40 7.7 0.90 0.08
0.45 5.5 1.0 0
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Fig. 6. Temperature distribution with cooling fan (a) 2,500
RPM, (b) 3,000 RPM, (c) 3,500 RPM, (d) 4,000
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