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Experimental Study on the Characteristics of
Heat Exchanger of 1 KW PEMFC System for UAV
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ABSTRACT

The proton exchange membrane fuel cell (PEMFC) is regarded as the most promising alternative power
sources for unmanned aerial vehicle (UAV) due to its high energy density and silent operation. Since there
are many load changes during UAV flight, thermal management is one of the important factor for the
performance of PEMFC. In order to reduce the UAV weight for the stable operation of UAYV, thermal
management system (TMS) studied in this work does not use the fan but use the air flowing into UAV
by UAV flight. In order to develop the passive type heat exchanger (HEX) for 1kW PEMFC, four types
of HEXs are fabricated and their cooling performances are compared. The parametric study on the cooling
performance of HEXs has performed with the variation of operating parameters such as mass flow rates and
inlet temperature of air and coolant. Type 4 has the best performance in every case. This study can be helpful
to achieve the optimal design of HEX for PEMFC powered UAV.

KEY WORDS : Proton exchange membrane fuel cell(ZZ=AF &)@ 3 ¢ 5% %]), Unmanned aerial vehicle
(5-218F71), Thermal management system(& 2] A]2~#), Parametric study("|7|¥4 1),
Optimal design(3 4 A7)
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: temperature, K

. convective heat transfer coefficient, kW/m’/K
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q : heat rejection rate, kW
U : overall heat transfer coefficient, kW/m*/K
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Table 1 Specifications of the fuel cell system

Component Parameter Unit | Value
Power @ UAV cruise mode | kW 1
Stack efficiency % 59
Fuel Heat generation kW 0.7
cell
Stack inlet temperature T 60
Stack outlet temperature T 65
Coolant Mass flow rate LPM 2.0
Pressure drop kPa 10
Air temperature T 25
UAV
Cruise velocity km/h 40
HEX inlet temperature T 65
HEX HEX outlet temperature T 60
Weight kg 0.4
Heat rejection rate kW 0.7
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Fig. 2 The schematics of heat exchangers of type 1 through 4
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Table 2 Specifications of the heat exchanger of type 1 and
type 2

22 DENTHEE GSHX AALS] IDE)| M5 SH o

,,,,,,,,,,,,,,,,,

External Unit

- .
Type 1 Type 2
Width (mm) 4,500 2,250 P :
iAir Conditioner (0°C ~ 30°C)
Height (mm) 140 140 e
Fin number 8 50 i = DpAaa Air Blower
1 Air V=150 m¥min
Fin pitch (mm 10 1 —— Static P = 120 mmAq
pitch (mm) \\ | ‘Invener
Depth (mm) 250 250 _Honeycomb Duct Orifice
Tube material Cu Cu
Fin material Al Al Fig. 3 The schematics of UAV simulator

Table 3 Specifications of the heat exchanger of type 3 and
type 4

Type 3 Type 4
Tube length (mm) 3,500 180
Fin pitch 2 2
Tube number 1 10
Flow type Serial Parallel
Tube material Al Al
Fin material Al Al

Table 4 Specifications of the air blower

Parameter Unit Value

Air velocity m’*/min 150

Static pressure mmAq 1200
Y 2+ B 19 & 9 A (fin pitch) & =] 571
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Table 7 The various operating conditions of experiment

Table 5 The design constraints of heat exchanger
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Table 8 The weight, cooling performance, pressure drop of

heat exchanger for type 1 through type 4
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