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Experimental Study on the Mutual Influence of Thermal
Management System for Hydrogen Fuel Cell Vehicle

MOOYEON LEE-, JONGPHIL WON-, CHOONGWON CHO-, HOSEONG LEE-"

«Green Car Powertrain R&D Division, KATECH, 74 Younjung-Ri, Pungse-Myun,
Chonan, 330-912, Korea

ABSTRACT

This paper is aiming to estimate the mutual influence of the stack cooling performances with the
operation modes of the thermal management system for the hydrogen fuel cell vehicles. The heat capacity
of the thermal management system was measured by varying the operating modes such as stack cooling heat
exchanger only (Mode 1), stack cooling and electric devices cooling heat exchangers (Mode 2), and stack
cooling and electric devices cooling heat exchangers with an operation of the condenser (Mode 3).As the
results, Performance of the thermal management system (TMS) at Mode 3 decreased up to 34.0%, compared
with the result of the Mode 1. In addition, in order to optimize the performance of TMS, the entropy change
of stack cooling heat exchanger using irreversibility analysis technique was analyzed with the relationship
between entropy generation and entering air velocity of the thermal management system.

KEY WORDS : Thermal management system(<& 2] A]2~E), Fuel cell stack($1 & X% 2~#8)), Heat exchanger
(2 12%+7]), Mutual influence(% =), Heat capacity(Z & =F)

Nomenclature Ref : refrigerant
T : temperature, C
Cp . specific heat capacity, kl/kg:K
ITD : inlet temperature difference, C Subscripts
m : mass flow rate, kg/s

: cooling air
: cold Stream

Sgen : entropy generation rate, kW/K
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Fig. 1 Schematic diagram of the experimental set-up for thermal
management system test of the fuel cell electric vehicle
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Fig. 2 Picture of the tested thermal management system of the
fuel cell electric vehicle
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Table 1 Thermal management system test matrix

Test modes Conditions
Temperature 70
Coolant [C]
-side Flow Rate
Mode 1 [1/min] 20~100
(Stack cooling
heat exchanger) Temperature 30
Air [C]
-side i
Velocity 28
[m/s]
Temperature
. [C] 70
oolant
Mode 2 side Flow Stack 100
(Stack cooling & Rate | Electric 20
electric device [/min] device
C:T;]Zﬁ l;::)t Temperature 30
X B
# Air [C]
-side i
Velocity 2.4
[mys]
Temperature
[C] 70
Cf’sﬁm Flow | Stack | 100
Rate | Electric 20
Mode 3 [min] | device
(Stack cooling,
electric device . Tem[piecr]a ture 30
cooling heat Air
exchangers & -side Velocity 2 4
condenser) [m/s] ’
Blower voltage 12
Ref. [V]
-side i
Refrlger;l;l]t charge 550
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mode 3 A 213 FARE W7F 7] 59 =2
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Air inlet temperature : 30°C

Table 2 Specifications of the tested system

Coolant inlet temperature : 70°C
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Fig. 3 Control volume for a counterflow heat exchanger
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Stack cooling radiator : 100 liter/min, 70°C

Electric device cooling radiator : 20 liter/min, 70°C
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Fig. 6 Performance characteristics of the stack cooling system
with the variations of driving conditions
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