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Abstract : The global warming potential (GWP) of CO, refrigerant is 1/1300 times lower than that of R134a.
Furthermore, the size and weight of the automotive heat pump system can decrease because CO, operates at high
pressure with significantly higher discharge temperature and larger temperature change. The presented CO; heat pump
system was designed for both cooling and heating in fuel cell vehicles. In this study, the performance characteristics of
the heat pump system were analyzed for heating, and results for performance were provided for operating conditions
when using recovered heat from the stack coolant. The performance of the heat pump system with heater core was
compared with that of the conventional heating system with heater core and that of the heat pump system without heater
core, and thus the heat pump system with heater core showed the best performance among the selected heating systems.
On the other hand, the heating performance of two different types of coolant/air heat pump systems with heater core
was compared each other at various coolant inlet temperatures. Furthermore, to use exhausted thermal energy through

the radiator, experiments were carried out by changing the arrangement of a radiator and an outdoor evaporator, and
quantified the heating effectiveness.

Key words : Heat pump( <€ H 3), Heating performance('\d*} A %), Carbon dioxide( o] A}+3}€+4r), Fuel cell vehicles
(AEHA] A}HF =}, Electricity-driven compressor(% £ 2] 9+=7]), Stack coolant( 2~ €} 1§ Z+)

Nomenclature AP pressure difference, kPa
COP : coefficient of performance O . heating capacity, kW
Cp,  :specific heat, kl/kg-K T : temperature, °C
D :depth, mm V  :volume flow rate, m*/min
H  :height, mm v : air speed, m/s
m  : mass flow rate, kg/h W :width, mm
P :pressure, MPa | W compressor power, kW
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Subscripts
a ; air
C : coolant
ch  :cabin heater
hc  : heater core
i : inlet
ind :indoor
0 : outlet
out : outdoor
over :overall
r : refrigerant
rad :radiant
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Fig. 1 Schematic of BOP (balance of plant) system for fuel cell vehicles
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Fig. 2 The layout of the test facility of a CO; heat pump system for fuel cell vehicles
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Table 1 System specification

Component Specification
Electricity-driven
Compressor 3 kW power consumption
2.7 m’/h at 3500 rpm
Heating capacity 30 kW

s .
Stack simulator coolant flow rate 120 L/min

Fin and tube HX
W640xH460xD18 mm’
Microchannel HX, 2 slabs
W248xH238xD37.5 mm’
Fin and tube HX, 1 slab
W205xH230xD25 mm’
Microchannel HX, 4 slabs
W248xH235xD87.5 mm’
Microchannel HX, 1 slab
W692xH367xD14.55 mm’
Coaxial tube, counter flow
6 sections, L 4800 mm
Coaxial tube, counter flow
I.D.5.5,0.D.21,L 1500 mm
Manual metering valve
max. 24.2 MPa at 38°C
Accumulator 400 cc

Radiator

Cabin heater

Heater core

Evaporator

Outdoor evaporator

Outdoor CO»/coolant
evaporator

Internal heat exchanger

Expansion valve
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