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Abstract: This paper proposes a novel cooling system for hydrogen fuel cell cooling systems by integrating heat
pump technology to enhance operational efficiency. The study analyzed the cooling efficiency of the fuel cell
cooling system. With the increasing focus on eco-friendly vehicle technologies to address environmental concerns

and global warming, the transportation sector, a major contributor to greenhouse gas emissions, needs technological
enhancements for better efficiency. The proposed cooling system was modeled through 1-D simulations. The

analysis results of parameters such as thermal balance, temperature, and pressure of each component confirmed the

stable operation of the system. By examining variations in the cooling system's flow rate, compressor RPM, and
the Coefficient of Performance (COP) based on different refrigerants, initial research was conducted to derive

optimal operating conditions and parameter values.
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C : average heat capacity
Cyl : cylinder volume

h;, : enthalpy of the inlet fluid
h;, : isentropic specific enthalpy
hg,, : enthalpy of the outlet fluid

P, : temperature effectiveness of the cold fluid

* Corresponding author: chulhee@inha.ac.kr

1 Department of Mechanical Engineering, Inha University,
Incheon 22212, Korea

2 Fuelcell System Design Team, ,K-Fuelcell Co., LTD., Yongin
16976, Korea

Copyright © 2024, KSFC

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License(http:/
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

P, : temperature effectiveness of the hot fluid

@, : mass flow rate

Qamd : AC system radiator heat transfer rate
Qa,m,a : AC system evaporator heat transfer rate
Q nese . heat exchanger heat transfer rate
Qs.,md . stack system radiator heat transfer rate
Qs,m : stack system stack heat transfer rate
T,; : temperature of cold flow at inlet port

T,

co

. temperature of cold flow at outlet port
T),; : temperature of hot flow at inlet port
w,

a.com

W, . stack system pump power usage

c.pum *

: AC system compressor power usage

w : motor rotation speed

n;s - isentropic efficiency

Nwor - Volumetric efficiency
pin - fluid density at the inlet
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Fig. 1 Schematic of the cooling system of a fuel
cell vehicle (a) conventional cooling
system (b) air conditioning cooling
system combining stack cooling system
and heat pump technology,
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Fig. 2 1-D simulation analysis modeling of
the entire cooling system,
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Table 2 Specifications used for 1-D simulation
modeling and parameter study,

Component Parameter
Table 1 Component—specific designations for Radiator(Stack) W 830 x D 365 x
the entire cooling system, H 464 mm®
Number Designation Stack Heating cpacity 60 kW
D Stack Heat exchanger LD 7.3 mm, O.D 159 mm
Cylinder volume 0.15Z
lant ’
@ Coolantpump Compressor 1000 ~ 3000 RPM
® Radiator(stack) Radiator | W 500 x D 100 x H 100 mm’,
@ Heat exchanger (air conditioner) Tube I.D 10 mm
® 3-Way valve W 248 x D 87.5 x h 235 mm?,
Evaporator
® Compressor Tube I.D 10 mm
@ Filler Radiator(stack) 40° C 1.01325 bar
— — air inlet 182.4 m*/min
Radiator(air conditioner) Radiator 20" C 101325 bar
©® Expansion valve (air conditioner) I
@ E : air inlet 40.16 m /mlﬂ
vaporator
) Sp Evaporator 5 °C, 1.01325 bar
cnsor air inlet 41287 m?/min
Coolant .
7} 3, SIS 5 S AN Jeb) 8 flow rate 407200 £/min
o} o]|F 3-Way WHE %3 W] 250 we} & Ref“tge.ral“t R134a, R1234yf, R410a
o roldith, AAl WA AFHE o) —
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Fig. 3 Pressure—enthalpy plot and simulation
results for R410a,
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Fig. 4 Heat exchanger heat transfer rate as a
function of stack cooling system flow
rate,
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Table 3 Power usage of the compressor
motor by refrigerant and RPM,
R134a R1234yf R410a
M ) | ) | w)
1000 0.7 1.2 22
1500 1.1 1.6 43
2000 1.5 1.9 79
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3000 2.2 2.6 11.6
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