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The Performance Characteristics of Heat Pump
Using the Refrigerant Subcooling
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ABSTRACT

In this paper, the performance characteristics of heat pump system using a new refrigerant
subcooling system designed for the study, are introduced. The new heat pump system have the ice storage
tank at the outlet of condenser. The experimental apparatus is a well-instrumented water/water heat pump
which consisted of working fluid loop, coolant loop, and ice storage tank. The experiment parameters of
subcooling ranged as the evaporating temperature from -5C to 8 C, the condensing temperature from 30C
to 35°C. The test of the ice storage was carried out at evaporating temperature of -10C and the ice
storage mode is Ice-On-Coil type. The working fluid was R-22 and the storage materials were city-water.
The test results obtained were as follows; The refrigerant mass flow rate and compressor shaft power
were unchanged by the degrees of subcooling, that is, they were independent of degrees of subcooling.
The cooling capacity of the new heat pump system increase as the evaporating temperature and
subcooling degrees increase and is higher by 25~30%, compared to the normal heat pump system. The
COP of the new heat pump system increases as the degrees of subcooling and evaporating temperature
increase and is higher by 28% than that of the normal heat pump system.
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Table 1 Experimental conditions for ice storage mode

Ice storage type ICE-ON-COIL type

Heat storage material Water

Heat exchanger 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] 35~36
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Table 2 Experimental conditions for refrigerant subcooling
system and the normal system

Refrigerants R-22

heat exchanger type Double-tube type

Running time [minute] 450

Subcooling degrees [C] 0, 15, 20, 25, 30

Mass flow rate [kg/h] 42~76

Evaporating temperature [C] -5~8

Condensing temperature [C] 30~35
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Fig. 2 Variation of the temperature and IPF of the ice storage
system with running time

" £5)e] 2EAE owlgith 1l Table 2+
5]

o
ty o%
of

fie e rlo Jm

1>
Mo
rJ
e
12
o,
o
1>
o
=
25| -
0Q
N}
rir
Hy
NS &
-
o

N

(i)
i o =
B e

A
BN
=
Lo,

i
STE
]
N
=
o
olN
T
o
o 2
=L o
ol

off
ol
£
i
N o
ol
8,
i

>
Nl
o
4o
2
o =
A,
ol
i glo
rlr
offl
o
olo
4
¢
1

1o
rE

off
K3
g0,
o F
o
ol\
(i3
rlo
ki
1o
oM.
o

ok

> 1 W Mo -

Ruigge
o,

o,
i
e
i
=
o
_‘L
rir
S,
o
9,
n
o rlr

o

RSN
QL)

oA

O o

o n2
Y

ot
o,
i

o T2
_|>L
f
fi
%

%
T
r
2
o
H
[
>
)
offt
e N
Y
O
%,
O
X
o
il

Py
o
u2
B
%2
v
N
Ho
rN
N r
A
=2
&
)
£¢ o
)

e
oo rlr
lo,
oft
X,
dpx
e
NS
©,
ol
ol
ol
I
rlo

=
o
w
o
e
oL
Ho
)
>,
)
ot
0,
lo
rlo v N
o 12
BN
n =

ro
2o

o,
e
L
|
K
o,
=
pot
o
il
BN
= r
i
=
do rlo

Ik
V2l
fob

—2— depth(/H) =1
®--- depth(h/H) = 0.5
—=— depth(h/H) =0

Temperature, [C]

Lo 2N w s oo N ® o
T

0 60 120 180 240 300 360 420 480 540 600

Running time, [min]
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Table 3 Capacity of ice storage system

IPF [%] 74.5
e 8344
Total cooling capacity [kcal] AL 2165
Al 10500
Compresor shaft power [kWh] 8.1
COP [/] 1.50
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Table 4 Capacity of refrigerant subcooling system

Subcooling degree [TC] 20
Total cooling capacity [kcal] 22000
Compressor shaft power [kW-h] 8.7
COP [/] 2.94
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