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Analytic study on thermal management operating conditions of balance
of 100kW fuel cell power plant for a fuel cell electric vehicle
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Abstract The objective of this study was to investigate performance characteristics of thermal management
system(TMS) in a fuel cell electric vehicle with 100kW Fuel Cell(FC) system. In order to build up analytic modelling
for TMS, each component was installed and tested under various operating conditions, such as water pump, radiator,
3-Way valve, COD heater, and FC stack etc. and as the results of them, correlations reflecting component’s
characteristics with flow rate, air velocity were developed. Developed analytic modelling was carried out under
various operating conditions on the road. To verify modelling’s accuracy, after prediction for optimum coolant flow
rate was fulfilled under certain operating conditions, such as FC system, water pump speed, opening of 3-way valve,
and pipe resistance, analytic and experimental values were compared and good agreement was shown. In order to
predict cold-start operating performance for analytic modelling, coolant temperature variation was analyzed with -2
0C ambient temperature and duration was predicted to rise in optimum temperature for FC. Because there is
appropriate temperature difference between inlet and outlet of FC stack to operate FC system properly, related
analysis was performed with respect to power consumption for TMS and heat rejection rate and performance map
was depicted along with FC operating conditions.
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b : HEo] F X (bypass)

COPheating : H3 &8 (coefficient of performancet
system)

C, : M1 4(Specific heat, kI/kg'K)

D : 34497 (diameter, mm)

m : WZHE fr#(volume flow rate, liter min™)
@Q.oq : EFEIN O] E] WL 7 (heating capacity, kW )
r: 2}t el o] El(radiator)

o : 3] 24X (rotational speed, rev min'l)

T: A4 (time constant, sec)
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Fig. 1. Thermal management system for 100kW fuel cell
power plant of a fuel cell electric vehicle
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Fig. 2. Electric water pump performance database and data
reduction for non-dimensional correlation between
flow rate and head. (a) Experimental data for
electric pump, (b) Non-dimensional
correlation between flow rate and head
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Fig. 3. Radiator performance database, (a) coolant-side
pressure drop, (b) Heat rejection rate
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Fig. 4. Pressure drop characteristics for stack and COD
heater, (a) Fuel cell stack, (b) COD heater
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Fig. 5. Volume flow rate characteristics along with 3
way valve angle
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Fig. 6. Volume flow rate comparison between prediction
and experimental data
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Fig. 7. Coolant temperature characteristics at stack outlet
with COD heater under cold start condition
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