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Performance comparison of heat pump with electronic and thermostatic expansion valve

according to temperature variation of evaporator heat source
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Abstract: A heat pump is a device that raises heat from a low heat source to a high heat source. Recently, electronic ex-
pansion valve with a high response is applied to increase the efficiency of heat pump. There are many researches related to
the electronic expansion valve and the heat pump, but the detailed data analysis on each influence is insufficient. Therefore,
this study compares the performance characteristics of heat pump with electronic and thermostatic expansion valve. The device
consists of compressor, four-way valve, plate type condenser, check valve, receiver, expansion valve, plate type evaporator and
separator. Experiments were carried out on evaporating pressure, condensing pressure, mass flow rate, cooling capacity, com-
pressor power consumption and COP according to evaporator heat source temperature. It has been found that the change of the
evaporator heat source temperature in the heat pump affects the cooling capacity and COP of the system. Accordingly, adjust-
ing the temperature of the evaporator heat source water helps to save energy. In the case of the thermostatic expansion valve,
it was confirmed that the cooling capacity and the COP were low when the load was changed as compared with the electronic
expansion valve. It is thought that adjusting the spring pressure of thermostatic expansion valve in the heat pump will help im-
prove system performance.
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Figure 1: Schematic diagram of heat pump system with

electronic expansion valve
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Figure 2: Photograph of experimental apparatus
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Table 1: Specification of main instruments

Unit Specification

Emerson copeland scroll
ZP50K3E-TFD-522
380V, 39, 50Hz, 3.24kW

Compressor

Saginomiya
STF-0401G, 17.58kW
Discharge : 1/2", Suction : 3/4"

4-way valve

Kyungan thermotec

Liquid receiver KRT-500V, 6.5L

A : Dotech, DPF(0)-3.2C, Electronic
expansion valve, 17.58kW

B : Dotech, DPF(0)-5.2C,
Electronic expansion valve,

Expansion valve 28 1kW

C : Danfoss, 068U1714, Orifice
replacement
thermostatic expansion valve

Swep, plate heat exchanger

Condenser B25TH, 9 m¥h
Swep, plate heat exchanger

Evaporator B25TH, 9 m*/h

Accumulator Kyungan thermotec

SHP, 3.4L
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Table 2: Experimental conditions

Parameter Value Unit
Inlet temperature of chilled water into .
. 7, 12, 17 C
evaporator : T, i,
Inlet temperature of cooling water into 30 .
condenser : T ;. ¢
Chilled water flow rate in evaporator :
2000 | kg/h
GC,\\'
Cooling water flow rate in condenser :
2000 kg/h
GC-W'

Inverter frequency : f 60 Hz
Superheating degree : T, 6 T
Subcooling degree : T, 1.5 T

Refrigerant R410A -

Figure 3: Condensing pressure of each expansion valves accord-

ing to inlet temperature of heat source water into evaporator
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Figure 4: Evaporating pressure of each expansion valves accord-

ing to inlet temperature of heat source water into evaporator

Figure 5: Compressor power of each expansion valves accord-

ing to inlet temperature of heat source water into evaporator
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Figure 6: Cooling capacity of each expansion valves accord-

ing to inlet temperature of heat source water into evaporator

Figure 7: Refrigerant mass flow rate of each expansion
valves according to inlet temperature of heat source water

into evaporator
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Figure 8: COP of each expansion valves according to inlet

temperature of heat source water into evaporator

4. 4 B
2 EEAAE R0AE 25 FAZ ks s
TS O es dnk BB FRH(A, B, Ol H%E}
= WS 9 2= W8I, 12°C, 17C)7F SEREL A
go] W s S50 mAlE 9 dotrsten, 1
e aofshd vet 2o s|EREAAN 7] 5 9
@

Ex

it

)
=4

OW

N

4 oM [

QT-eEe] WSk AsTe] PsE L copel E 3RS
FE A ARG PP A% A4 PPune)

1°ﬂ upel Hlas) B b Fo] 7T ~ 17C7HA
S7ketoll whet of 34%ﬂ S7F Fol yEpston, 2 &%

o] zfolo| A ¢k 5% T xol2 A

A4 YR F71%o] o A thehgek copel 3,
A4 YD Gepe] Aholol mel F 744 v 31%9) 3

o7k hEhgtaL, £A 0} A4 Bgupe] nlmeA = of
4%9) Aol hEhgeh. AR AR L] ARAel 53
SlAE Apol7} AR AR wstol oA wfo]7)
Uk e g3kl Aol dlstel AE 8 Aol grol &
wo] #H& SUSRTS] 497k & o e 4] 7hss)
7] whiol AR Zgkel tlsiA xtol 7k v Sle.

2 A7 o] SR PRRnsh A% PFRn stolol
ol AL olgate] L& WilE PHFE Lws
BPWBY| BTk WG £ Ao] W] ojst g 7

s
W7h et Aow Az wEhd, FahiEe] A7 &
A A S| EFHZI} 7
= AR} sy

v AT

rir

AR MOTIE)2 @ol] 147147 7k



References
[1] D. K. Kim, J. U. Jeon, and K. S. Kim, “Comparison
of actual cooling energy consumption with calculated
cooling energy consumption and analysis of energy
GHP and EHP,”
Society  Proceedings
5, pp. 237-244, 2011 (in

performance  between Korean

Architectural Department  of

Planning, vol. 27, no.

Korean).

[2] S. R. Park, “Heat pump technology trends,”
International ~ Journal  of  Air-Conditioning  and
Refrigeration, vol. 39, no. 6, pp. 4-13, 2010 (in

Korean).

[3] S. H. Lee and J. M. Choi, “Transient performance of
a system heat pump with the variation of compressor
speed and EEV openings,” International Journal of
Korea Society of Geothermal Energy Egineers, vol. 9,
no. 3, pp. 11-18, 2013.

[4] D. Y. Han and P. S. Yoo, “Seasonal performance

analysis of the EXV wused heat pump system,”
International ~ Journal  of  Air-Conditioning  and
Refrigeration in Summer Conference, pp. 841-846,
2001 (in Korean).

[5] C. Zhang, S. Ma, J. Chen, and Z. Chen,
“Experimental analysis of R22 and R407C flow
through  electronic  expansion  valve,”  Energy
Conversion and Management, vol. 47, no. 5, pp.

529-544, 2006.

[6] T. Nishimura, “Heat pumps - status and trends in
Asia and the Journal of
Refrigeration, vol. 25, no. 4, pp. 405-413, 2002.

[7] S. S. Bertsch and E. A. Groll, “Two-stage air-source

Pacific,” International

heat pump for residential heating and cooling applica-
tions in northern US climates,” International Journal
of Refrigeration, vol. 31, no. 7, pp. 1282-1292, 2008.

[8] S. M. Beak, C. G. Moon, H. W. Kim, S. K. Jeong,
and J. I. Yoon, “Characteristics of capacity control of
variable speed water cooler with the -electronic ex-

of the
Korean Society of Marine Engineering, vol. 34, no. 2,
pp. 282-288, 2011 (in Korean).

[9] C. Liu, Y. Hou, J. Ma, X. Liu, and L. Chen,

“Experimental study on the CO2 flow -characteristics

pansion valve open/close degree,” Journal

through electronic expansion valves in heat pump,”

@
A
d
k)
i
©,

Yol g s A42@ A75(2018.9)

TH7] 495 2= Hgte utE dw vl

International Journal
106-113, 2016.

[10] E. W. Lemmon, M. L. Huber, and M. O. McLinden,
“Creating and Modifying plots,” NIST standard refer-

of Refrigeration, vol. 69, pp.

ence database 23: reference fluidthermodynamic and
transport properties-REFPROP, Version 9.1, National
Institute of Standards and Technology, 2013.



	전자식과 온도식 팽창밸브를 적용한 히트펌프의 증발기 열원수 온도 변화에 따른 성능 비교
	요약
	Abstract
	1. 서론
	2. 실험 장치 및 실험 방법
	3. 실험결과 및 고찰
	4. 결론
	References


