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Performance Enhancement of the Heat Pump Using the
Refrigerant Subcooling System.

Chang Hyo Son, Chan II Yoon, Dong Geon Lee, Seung Jun Park Hoo Kyu Oh
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Abstract : The performance characteristics of heat pump system using the new refrigerant
subcooling system were investigated. The new heat pump system has the ice storage tank
to accumulate the latent heat of the refrigerant during the night-time. The heat is released
to subcool the saturated refrigerant liquid at the outlet of a condenser in the daytime. The
experimental apparatus is a well-instrumented heat pump which consisted of a refrigerant
loop and a coolant loop. The test sections{(condenser and evaporator) were made of
tube-in-tube heat exchanger with the horizontal copper tube of 12.7 [mm) outer diameter
and 95 [mm] inner diameter. The evaporating temperatures ranged from -5 [C] to 0 [C]
and the subcooling degrees of the refrigerant varied from 15 [‘C] to 25 [C). The test of
the ice storage was carried out at evaporating temperature of -10 [C] and the ice storage
mode is an ice-on-coil type. The main results were summarized as follows ; The
refrigerant mass flow rate and compressor shaft power of the heat pump system were
independent of the subcooling degrees. The cooling capacity of the heat pump system
increases as the evaporating temperature and subcooling degree increase. The cooling
capacity of the heat pump system is about 25 to 30% higher than that of normal heat
pump system. The COP of the heat pump system which subcooled the refrigerant liquid at
the outlet of the condenser is about 28% higher than that of the normal heat pump
system.
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Table. 1 Test condition for ice storage mode

Ice-on—coil type
Water

Ice storage type
Heat storage material

Heat exchange type Hair-pin type

Running_time, [minute] 600
IPF, [%] 70~80
Refrigerants R-22
Mass flow rate, [kg/h] 27~32
Evaporating temperature, [C] -9~-11
Condensing temperature, [C] 3%~36
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Table. 2 Test condition for refrigerant subcooling
system and normal system

Heat exchanger type Double-tube type

Running time, {minute] 450
Degree of subcooling, [T] 15, 20, 25
Refrigerants R-22
Mass flow rate, [kg/h] 42~76
Evaporating temperature, {C] -5~0
Condensing temperature, {T] 30
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Fig. 2 Variation of the temperature and IPF of
ice storage system with running time.
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Fig. 3 Temperature variation of water in the ice
storage tank with running time during
refrigerants subcooling.
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Fig. 4 Variation of the temperature and IPF of
a refrigerants subcooling system with

running time.
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Fig. 5 Temperature variation of water in the
ice storage tank with running time
during refrigerant subcooling.
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Fig. 6 Comparison between mass flow rate
of refrigerant subcooling system and
non-subcooling system with
evaporating temperature.
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Fig. 7 Comparison between compressor shaft
power of the refrigerant subcooling
system and non-subcooling system
with evaporation temperature.
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Fig. 8 Comparison between cooling capacity
of refrigerant subcooling system and
non-subcooling system with
evaporating temperature.
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Fig. 9 Comparison between COP of refrigerant
subcooling system and non-subcooling
system with evaporating temperature.
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