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Simulation analysis on thermal management characteristics of
proton-exchange-membrane fuel-cell engine
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Abstract: To solve the problems of unstable temperature of thermal management system and large coolant
temperature difference between inlet and outlet when the power of proton-exchange-membrane fuel cell (PEMFC)
changes, using LMS AMESim simulation software, a thermal management system model of PEMFC engine was
proposed based on a 30 kW PEMFC engine, considering factors including the power change of the whole vehicle
and the driver’s demand. Firstly, the fuel-cell engine calibration condition was used to analyze the coolant
temperature and pressure of each component of the thermal management system. Secondly, the New European
Driving Cycle (NEDC) was used to simulate the PEMFC thermal management. The results show that the
established thermal management system can keep the temperature stable under NEDC working condition, and the
maximum temperature difference between inlet and outlet coolant is about 5.6 °C. This simulation analysis can
provide guidance for the thermal management test research of PEMFC engine.
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Fig.1 Topological structure of the fuel cell system
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Fig. 2 Fuel cell gas supply model
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Fig.3 Dependence of speed on flow for different air pressure ratio of the air compressor
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Fig. 4 Relationship curve between speed, flow and pressure difference between inlet and outlet of hydrogen circulating pump
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Table 1 Basic performance parameters of hydrogen cylinder
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Table 2 Basic performance parameters of fuel cell
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Table 3 Basic parameters of driver and vehicle
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Fig.6 Thermal management system model
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Fig. 7 Heat dissipation map of radiator
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Table 4 Basic parameters of water pump, radiator and heater

HFR €A ZHH
e e HERE /(L) 0.1
B % L/ (r-minT) 1000
HCAAES = /m 0.547
AR /m 0.415
g B A2 /m 0.300
KU A A2 /m 0.005
Ve HV R 45 /L 1.4
PIIEE 2 3
i e ) 2 /W 3000

IR /% 90




5 44 FNER A ST B B A B R S AL R B A AT A AT 33

2 REEMBEWAR

2.1 SRISIEIE
R T I {5 B R A S 5 B R AR R St e M v DR AR M T A g e Y R SR g O O R
HRIR 22 505 BEE R T M . AR HIA BN A K R 100 Lomin &S, X Hu s H IR 2225
28 .31 kW B HLHER HIKIR 22, 85 SR & 8 fir R o 1l LA H 32 56 50408 5 0 BUECHE /9 A8 fb B $ AR [, 7F 31 kW 2

RN R 258 R L AE 22 kKW .25 kKW FlI 28 kW IR F I IR 224 K 1 °C.,
10

9l = B
o SR
sl

NEEIA
wn
]
[}

22 23 24 25 26 27 28 29 30 31 32
LI

B8 REMNETAHREE N L E

Fig. 8 Comparison of coolant temperature difference under different powers
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Fig.9 Pressure and temperature at different locations of thermal management system
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Fig. 10 Vehicle power and heat production under NEDC condition
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Fig. 11 Relationship between inlet and outlet temperature of stack and heat dissipation power
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Fig. 12 Influence of coolant flow rate on temperature difference
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Fig. 13 Influences of the coolant flow rate in the radiator on the temperatures at the inlet and the outlet
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