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Abstract : A CO; heat pump system was designed for both cooling and heating in the cabin of electric vehicles, hybrid
vehicles or fuel cell vehicles. In this study, the performance characteristics of the heat pump system without any
supplementary heating device were analyzed and the heating performance was compared with the cooling performance
for various operating conditions. Experiments were carried out by changing the speed of electric drive compressor, the
air flow rate of interior heat exchanger and the air inlet temperature and speed of exterior heat exchanger. Therefore, the
cooling/heating capacities and the corresponding COPs are quantified. Also, the heat pump system showed an improved
performance for the cooling operation and the heating operation. In this study, the experimental results can be used to
evaluate the effect of system design changes on system performance as well as the development of a highly efficient
heat pump system.

Key words : Heat pump(<d 3 ), Carbon dioxide( ] 4+3}€k4), Fuel cell vehicle(d 2 A X 25}, Electric drive
compressor( A 52 ¢=7])

Nomenclature RH  :relative humidity, %
COP : coefficient of performance T : temperature, °C .
C : specific heat, kJ/kg'K u : volume flow rate, m”/min
Dp : depth, mm ’ |4 : air speed, m/s
H  :height, mm W :width, mm .
hy, : latent heat, kl/kg W . absolute humidity of moist air, kg/kg

g . ) )
#  :mass flow rate, kg/h W . compressor power, kW
P : pressure, MPa
Subscripts
AP : pressure difference, kPa p
0 : cooling/heating capacity, kW a : air .
c : cooling

'Corresponding author, E-mail: minskim@snu.ac.kr comp : compressor
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e . evaporator
gc : gas cooler
h : heating
i : inlet
ind :indoor
I\ : outlet
out :outdoor
r : refrigerant
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Fig. 1 Layout of the test facility of a CO, heat pump system for fuel cell vehicles

Table 1 System specification

Table 2 Test conditions

Component Specification
Electric drive
Compressor 3 kW power consumption
2.7m’/h at 3500 rpm
Microchannel HX

Interior gas cooler 2-slab, 4-pass

W248xH238xD37.5 mm’

Microchannel HX
Evaporator 4-slab, 4-pass
W248xH235xD87.5 mm’
Exterior heat Microchannel HX
exchanger 1-slab, 4-pass ;
W692xH367xD14.55 mm

Internal heat
exchanger

Coaxial tube, counter flow
I.D.55,0.D.21,L 1500 mm

Manual metering valve
max. 24.2 MPa at 38°C

400 cc

Expansion valve

Accumulator

128 simxisagstsl=2x HMITA 235, 2009

Parameter Unit Cooling Heating
Compressor speed rpm 1460, 1750", 2040, 2330
Outdoor air inlet | 15,25,3.0°,3.5,4.5

speed
Indoor air flow rate | m>*/min 4.0,5.5, 7.0*, 8.0
Outdoor air inlet oc 31,35%,39, | -10,-5,0,
temperature 43, 47 5,107
Indoor air inlet oC 27 22
temperature
Relative humidity % 40 -

"Standard condition
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System performance with respect to outdoor air inlet
Speed; Tind,c:27oc, Tout,c:35°C, Tind,hzzlocg Tout,h:
5°C, u=7 m’/min, RH~40%
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