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Experimental Studies on the Performance Characteristics of Heat Exchangers
of CO, Air Conditioning System for Vehicle
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Chungnam 330-912, Korea
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Abstract : The performance characteristics of heat exchangers which consist of a gas cooler, an evaporator and an
internal heat exchanger have been investigated at various operating conditions of CO, air conditioning system by
experiments. The heat exchangers were designed for use in the vehicle CO, air conditioning system, when considering
the characteristics of heat transfer and high pressure as CO; refrigerant. This paper studied the performance of heat
exchangers at various compressor speeds and expansion valve openings, and quantified the heat transfer rates and
pressure drops. Heat transfer rates at the gas cooler and the evaporator were 6.9 kW and 5.2 kW, respectively, when the
compressor speed was 4000 rpm and refrigerant vapor quality at the evaporator outlet was 0.98. Therefore, this paper
carried out that the heat exchangers were analyzed to achieve superior performance for the vehicle transcritical CO,
cycle.

Key words : Evaporator(571), Gas cooler(7F2=13 Z}71), Internal heat exchanger(W4- G n1317]), CO(0] 4+l gk
4~), Cooling capacity(*3 " -8-7), Heat rejection( € %)
Nomenclature T : temperature, °C
. : volume flow rate, m*/mi

COP : coefficient of performance 3/ .v:urﬁte 0\;\” & mmin
C, :specific heat, kikgK - Velocty, mis

w : width, mm
D - depth, mm X : absolute humidity of moist air, kg/k
H * height, mm efS(?ue tum| |yoalr20| air, kglkg
hiy  : enthalpy of evaporation of moist air, kJ/kg X - retmigerant vapor quaitty
IHX :internal heat exchanger

Greek

L : length, mm
. 0} : outer diameter
Q :hea capacity, kW
RH :relative humidity, % Subscripts

a s air
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ASKE CO, oflofZ AlAE HuE

e evap :evaporator
gc, G/IC  : gascooler
i sinlet
I : latent
0 > outlet
S : sensible
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Fig. 1 Schematic diagram of gas cooler
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Fig. 2 Schematic diagram of evaporator
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Fig. 3 Schematic diagram of internal heat exchanger
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Fig. 4 Schematic diagram of CO, air conditioning system
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Table 1 Specification of the components

Component Specification
Reciprocating type
Compressor Displacement: 7.5 cc/rev
Microchannel type
Gas cooler 1-slab, 2-pass
W630xH375xD16 (mm®)
Microchannel type
Evaporator 2-slab, 4-pass
W260xH250xD35 (mm®)
Internal heat Coaxial tube
exchanaer Counter flow
9 19 mm, L 1000 mm
Expansion device Expansion valve
Accumulator 500 cc
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Table 2 Test conditions

Item Condition
Gas cooler Temp. 35°C
(Air side) Velocity 2mis
E a Temperature/ 35°C/
vaporator Humidity 50% RH
(Air side) 3
Flow rate 420 m°/h
Compressor speed (RPM) 3,000 ~ 6,000
140
120F 0°C 32°
100 |
_ 80}
®
2
o 60 -
=
[7]
8 Gas Cooler
E 40r Inlet Pressure
= ®= 92bar
--4®-- 96 bar
— ®— 100 bar|
| — A— 104 bar]
20 ; ; H 1 | Il
500 600 700 800 900

Enthalpy [kJ/kg]

Fig. 5 Pressure-enthalpy diagram (Ty = 35°C, Vi = 2 mV/s,
Tevepi = 35°C, Uesapi = 7 M/min, RHevsp = 50%, Com-
pressor speed = 5000 rpm)
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Fig. 6 Experimental results of the gas cooler
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