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Effect of the Heat Exchange between Low and High
Temperature Refrigerant on the Heat Pump Performance
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ABSTRACT

The ambient air is commonly used as low-temperature heat source for heat pump operation. However, the
coefficient of performance(COP) of the air to water heat pump is decreased with the ambient air temperature drop.

In this study to solve this problem, the AVACTHE(Automatic Variable Area Capillary Type Heat Exchanger)
with 3 levels of heat exchange area(0, 1,495.4, 1,794.5cm?) was installed in the refrigerant circuit of the heat pump.

The AVACTHE effect on the performance of heat pump was tested with the ambient air temperature variation.

The COP improvement of the heat pump could be achieved by the AVACTHE installation when below —5T

of the ambient air temperature.
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a4 : convective film heat transfer coefficient
(CHTC) on the outside of tube(W/m’K)
ap . convective film heat transfer coefficient
(CHTC) on the inside of tube (W/m?K)
‘@m - average CHTC of refrigerant in the condenser
or evaporator (W/m?K)
7:; . compression efficiency
7w . mechanical efficiency of compressor
7. : volume efficiency
A, : thermal conductivity of tube wall(W/m? K)
05 : density of refrigerant in gas phase(kg/m?)
o1 : density of refrigerant in liquid phase(kg/m?)
A : the total surface area of condenser or
evaporator tube without fins (m?)
© : cross section area of tube outside (m?)
~ : the total surface area of evaporator tube
without fins (m?)
A, :the total surface area of condenser tube
without fins (m?)
A4vq : heat exchange area of AVACTHE (m?)
Cp, : specific heat of refrigerant in gas phase (kcal/
kg°K)
Cp, : specific heat of refrigerant in liquid phase
(kcal/kg°K)
D : piston diameter of compressor (mm)
D; : inside diameter of capillary tube (mm)
D, : outside diameter of capillary tube (mm)
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QCo
QEV
R,

Ry

dT

Ta in
TII out

: enthalpy of refrigerant at

: volume flow rate of refrigerant in the shell (m?

/sec)

: volume flow rate of refrigerant in the tube (m?

/sec)

: enthalpy of refrigerant in the initial state of

compression process (kcal/kg)
the end of

compression process (kcal/kg)

: thermal conductivity of the capillary tube wall

(W/mXK)

: piston stroke (mm)
: revolution velocity (N/s)
: number of capillary tube

: radiated heat from condenser or evaporator

(kcal /hr)

: radiated heat from condenser (kcal/hr)
: radiated heat from evaporator (kcal/hr)

: thermal resistance of the fouling layer on the

outside of the tube

: thermal resistance of the fouling layer on the

inside of the tube

logarithm mean temperature difference (K)

: air temperature at evaporator inlet (K)

: air temperature at evaporator outlet (K)

T, T, : temperature difference between the heat

Tr, in
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: refrigerant

. refrigerant

transfer fluid temp. and refrigerant temp. (K)
temperature at condenser or
evaporator inlet (K)

temperature at condenser or

evaporator outlet (K)

: refrigerant temperature at shell inlet (K)
. refrigerant temperature at shell outlet (K)
: refrigerant temperature at tube inlet (K)

: refrigerant temperature at tube outlet (K)
: water temperature at condenser inlet (K)

: water temperature at condenser outlet (K)
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U : overall heat transfer coefficient of condenser
or Evaporator (W/m2K)

v : specific volume of refrigerant (m®/kg)

Wr :the real power requirement of heat pump
compressor in the heating mode (kW)

z : number of piston
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Fig. 1 Heat pump circuit and experimental apparatus.
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Table 1 Detail of the tested heat pump system
It
System ems Compressor capacity Model Working fluid
Heat pump 3PS Heating : Air to Water Ry
Table 2 The experimentai variables and measuring items
Variables Measurement
Item Value Item Value
« Ambient temp (C) 8~17
» Ambient temp. (C) —-12~16 « Water temp. of condenser outlet
30~85
(T)
« Water flow rate in
100~ * Sucti 2 5~5.
condenser (1/h) 00~300 Suction pressure (kg/cm?) 15~50
o Reffi i
(keg/ cg;r:;m charging rate 240~400 « Discharge pressure (kg/cm?) 10~26
¢ AVACTHE (cm?) 0, 1,495.4, 1,794.5 « Electric power consumption (W) 1,800~ 3,400
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Fig. 2 Relationship between R,, charging
mass per heat pump circuit volume
and COP depending on the water flow
rate in condenser.
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Fig. 3 The AVACTHE effect on the COP as
a function of the ambient temperature.
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Tev = average temperature of Ry in evaporator.
Tw = average temperature of water in condenser.

Fig. 4 The AVACTHE effect on the COP as
a function of temperature difference
between the average water tempera-
ture in condenser and average R,
temperature in evaporator.
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Fig. 5 The AVACTHE effect on the COP as
a function of temperature difference
between the average water tempera-
ture and average R,, temperature in
condenser.
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