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Simulation Research on Fuel Cell Thermal Management System Based on
Ducted Propeller Heat Exchanger

LIU Chongyang, LI Wen, YU Xiangyu, LIANG Shizhe
(Chengdu Aircraft Industry Group Company Limited, Chengdu 610092, China)

Abstract:Fuel cell powered unmanned aerial vehicle (UAV) is an important technical path to achieve green
and low-carbon aviation. With the development of UAV to large scale and long range, the thermal
management problem of high-power fuel cell under the complex flight profile of UAV becomes more
complicated. This paper presents a heat exchanger design based on ducted propeller structure, which makes
full use of the airflow behind the propeller to dissipate heat without adding too much system mass. At the
same time, a fuel cell thermal management system scheme for UAV is proposed based on the ducted
propeller heat exchanger. The simulation model of the thermal management system is established by using the
Amesim platform combined with the typical UAV flight profile, and the numerical simulation research is
carried out. The results show that: (1) the thermal management system can better control the temperature of
the fuel cell. The inlet coolant temperature does not exceed 61.3 °C (target value: 60 °C), and the inlet-outlet
coolant temperature difference does not exceed 11.1 °C (target value: 10 °C), both of which remain within the
allowable error tolerance, and verify the feasibility of the ducted propeller heat exchanger scheme; (2) When
the total number of ducted propeller heat exchangers is the same, the number of heat exchangers of each heat
exchanger module should be designed to match the power of each stage of the fuel cell and the flow

characteristics of the electric pump.
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Fig.1 Thermal management system configuration
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Fig.2 Control strategy for thermal management system
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Fig.3 Schematic diagram of ducted propeller heat exchanger
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Fig.5 Performance curves of an electric pump
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Fig.7 System simulation model
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Table 1 Standard atmosphere parameters: Tyempera-

ture, pressure and density

= /m /K & Si/kPa % ¥ /(kgem °)
0 288.15 101.325 1.2250
1 000 281.65 89.876 1.1117
2 000 275.15 79.501 1.006 6
3 000 268.66 70.121 0.909 3
4 000 262.17 61.660 0.819 4
5000 255.68 54.048 0.736 4
6 000 249.19 47.217 0.660 1
7 000 242.70 41.105 0.5900
8 000 236.22 35.651 0.5258
9 000 229.73 30.800 0.467 1
10 000 223.25 26.499 0.4135
11 000 216.77 22.699 0.364 8
12 000 216.65 19.399 0.3119
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