Trans. of Korean Hydrogen and New Energy Society, Vol. 28, No. 2, 2017, pp. 150~155 KHNES

DOI: https://doi.org/10.7316/KHNES.2017.28.2.150 pISSN 1738-7264 * eISSN 2288-7407

TUE 07| LHEO| ZA| PEMFC TS T 5iA] ot

Numerical Study on Heat Transfer of Air-cooling PEMFC in HALE UAV

MYEONGHO SONG', KYOUNGYOUN KIM?>

Graduate School of Hanbat National University, 125 Dongseo-daero, Yuseong-gu, Daejeon 34158, Korea
2Department of Mechanical Engineering, Hanbat National University, 125 Dongseo-daero, Yuseong-gu, Daejeon 34158, Korea

TCorresponding author :
kkim@hanbat.ac.kr Abstract >> Proper cooling of PEM fuel cell stack is essential for the high-perform-

_ ance operation of fuel cell system. Insufficient cooling of the stack can cause sig-
Ez\iies'zzd i? AM;;CZOZEH nificant damage to components due to overheating and also can decrease cell
Accepted 30 April, 2017 performance by dehydration of the polymer electrolyte. In the present study, we

performed a computational analysis to assess the condition of the cooling sys-
tem to secure the proper temperature in fuel cell stack system for high altitude
long endurance (HALE) unmanned aerial vehicle (UAV).
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Fig. 1. (a) Computational domain (b) Fan boundary condition
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Table 1. Atmosphere condition at several altitude

Altitude (km) 18 12 5 0
Pressure (Pa) 7,505 19,331 54,022 101,327
Ambient temperature (K) 216.65 216.65 255.65 288.15
Viscosity (kg/m-s) 1.42E-05 1.42E-05 1.63E-05 1.79E-05
Density (kg/m®) 0.12068 0.31083 0.73612 1.225
Friction coefficient 0.00489 0.0041 0.00361 0.00336
Reynolds number 6.18.E+05 1.59.E+06 3.29.E+06 4.98.E+06
Thermal conductivity (W/m-K) 0.0204 0.0204 0.0243 0.0257
Specific heat (J/kg-K) 1.01E+03 1.01E+03 1.01E+03 1.01E+03
Prandtl number 0.725 0.725 0.715 0.713
Stanton number 3.03E-03 2.54E-03 2.26E-03 2.10E-03
Heat transfer coefficient (W/m2~K) 1.04E+01 2.22E+01 4.68E+01 7.26E+01
18km (Teraer Max = 10198K) 12km (Tsac: Max = 3408K)
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Fig. 2. Temperature distribution at different altitudes
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Fig. 3. Streamlines in the UAV
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Fig. 4. Effect of external air intake on heat and fluid flow field at the condition of altitude of 18 km
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Table 2. Temperature of the fuselage at several altitudes (H)

Averaged | Averaged
Temp. |Temp. on the .
H (km)| Condition | inside the | surface of Anzllzl)ent
fuselage fuselage
X) X)
18 Intake 502 235 217
Intake&
18 | pressurized 377 232 217
inside
18 594 240 217
12 408 228 217
Enclosed
5 390 261 256
0 385 291 288
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