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An Experimental Study on the Performance of Outdoor Heat Exchanger for
Heat Pump Using CO;
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ABSTRACT: The purpose of this study is to investigate the performance of outdoor heat
exchanger for heat pump using carbon dioxide. Two types of fin and tube heat exchangers
(2 rows for type A and 3 rows for B) are tested. Both heat exchangers have counter-cross
flow and 1-circuit arrangement. Test results such as heat transfer rate, pressure drop
characteristics and temperature distribution in the heat exchanger are shown with respect to
mass flow rate of refrigerant and frontal air velocity. For cooling mode, the minimum
temperature difference between air and refrigerant of type B is smaller than that of type A
by 17T, but the pressure loss of air side is much higher for type B by 29%. It is found that
a large temperature gradient of carbon dioxide during gas cooling process promotes thermal
conduction through tube wall and fins which results in degradation of heat transfer
performance. For heating mode operation, type B heat exchanger shows higher heat transfer
performance compared to type A. However, because pressure loss of refrigerant side of type
B is much greater than that of type A, the refrigerant outlet pressure of type B becomes
lower than that of type A.
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Fig. 1 P-h diagram of CO: cycle.
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Fig. 2 Tube arrangement of heat exchangers.

Table 1 Specifications of heat exchangers

Type A B

Number of tube rows 2 3
Number of tubes in a row 14 12
Transverse tube pitch (mm) 195 195
Longitudinal tube pitch (mm) 115 115
Tube outside diameter (mm) 5 5
Tube thickness (mm) 0.5 05
Tube material Cu Cu

Heat exchanger length (mm) 700 650
Heat exchanger height (mm) 273 234
Total length (m) 784 93.6

Fin type slit slit
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Fig. 3 Heat exchanger performance test ap-

paratus.
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Table 2 Test condition

Inlet condition Cooling mode Heating mode

Temperature (T) 35 7
. |Relative humidity
Air %) 40 865
Velocity (m/s) 1.5/2.0/25 1.0/15/2.0
Temperature (C) 93.1 -
Pressure (MPa) 9.0 -

Enthalpy value

COz |Inlet enthalpy (kJ/kg) - at 12 MPa,
43T
Mass flow rate (g/s) 13/17.7/22.4  10.1/12.1/14.1
Superheat (T) - 5%1
4
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Fig. 5 Comparison of measured heat transfer
rate between air and refrigerant side.
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