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An Experimental Study on the Natural Convection Heat Transfer
of Air-cooling PEMFC in a Enclosure
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'Fuel Cell Research Center, Korea Institute of Energy Research, 152, Gajeong-ro, Yuseong-gu, Daejeon, 305-343, Korea
*Advanced Energy Technology, Korea University of Science and Technology

Abstract >> This study presents an experiment investigation on natural convection heat transfer of air-cooling Proton
exchange membrane fuel cells (PEMFCs) in a enclosure system for unmanned aerial vehicles (UAVs). Considered
are replacing fuel cell stack with Aluminum block for heat generating inside a enclosure chamber. The volume
ratio of fuel cell stack and chamber for simulation to the actual size of aerial vehicle is 1 to 15. The parameters
considered for experimental study are the environmental temperature range from 25°C to -60°C and the block
heat input of 10 W, 20 W and 30 W. Effect of the thermal conductivity of the block and power level on heat
transfer in the chamber are investigated. Experimental results illustrate the temperature rise at various locations
inside the chamber as dependent upon heat input of fuel cell stack and environmental temperature. From the results,
dimensionless correlation in natural convection was proposed with Nusselt number and Rayleigh number for
designing air-cooling PEMFC powered high altitude long endurance (HALE) UAV.

Key words : Air-cooling(3-2), PEMFC(21 52} A2 &1 & A X]), Natural convection(X}<1tH ), Nusselt number
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Nomenclature

2
A : surface area, m”
Gr :

g : acceleration of gravity, m/s’

Grashof number

h : convective heat transfer coefficient, W/m®> K

), Rayleigh number(2]| 42} 52), UAV(FAR-371)

: thermal conductivity, W/m K
. characteristic length, m

: Nusselt number

: Prandtl number

. input energy, W

. heat flux, W/m®

: Rayleigh number
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: temperature, °C

- thermal diffusivity, m’/s

e H4pm0 03 zCR

: thermal expansion coefficient, 1/K
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. . . . . 2
v : coefficient of kinematic viscosity, m’/s

Subscripts

i : inside of enclosure chamber
s : surface of Aluminum block

w : wall of enclosure chamber
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Fig. 1 Schematic of thermal experimental simulation
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Fig. 2 Schematic diagram of isothermal box with an aluminum
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Table 1 Locations of each thermocouples

No. Location No. Location
TO Chamber inside TS 50 mm above FC
Tl Wall Outside T6 100 mm
T2 Wall Inside T7 150 mm
T3 FC surface T8 200 mm
T4 25 mm above FC T9 250 mm

Table 2 Experimental conditions

Heating power Chamber operating Temperature

[W] [°Cl]

10, 20, 30 25, 0, -10, -20, -30, -40, -50, -60
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Table 3 Related correlation of Nu vs. Ra

Chamber Correlations

Temp. [°C]
1 25 Nu = 9E-18Ra’ + 1E-07Ra + 4.2553
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(3) 20 Nu = 2E-18Ra> + 7E-08Ra + 2.0177
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