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Effect of Refrigerant Charge on the Performance of Air-source Heat Pump
Water Heater
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China)

Abstract In this paper, the effects of a refrigerant charge on the system performance of a heat pump water heater and the regulating char-
acteristics of the electronic expansion valve were studied experimentally. The system performance under different regulation modes of elec-
tronic expansion valve was also quantitatively analyzed. The experimental results show that 1. 1 kg is the best refrigerant charge when the
valve opening is 16% and the superheat temperature is 10 °C. The corresponding maximum coefficient of performance (COP,) was 3. 05
and 3. 68, respectively. Excessive refrigerant charge reduces the system performance and the adjustment range of electronic expansion
valve. To avoid the liquid suction of compressor, the adjustment of superheated temperature is better than that of valve opening. The sys-

tem performances of the two regulating modes are compared under the optimum refrigerant charge, and the results show that the superheat

regulation method is the best.

Keywords air-source heat pump; variable refrigerant mass flow rate; coefficient of performance; electronic expansion valve; degree of

superheat
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Fig. 1 Principle of the experimental installation
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Fig. 4 Variation of refrigerant mass flow

R ¢, AKX, HIES ATH, AR
BERIEAR —F, WIFE 19. 2% B} R G50 50 <A
W MRS g, JF R R B AR ] $h i 20 2 BT R 9 05
XS IR IR BRI T HE R N TR B RS
RS 22 BT DA PG AE IR S IR B R R g

Xof e BRI 5 T, B R A S TR AN
AT T BE A, RY i 7 X W] 32 IR, i Pk
5o EAREE VAT RAE T HL T R 1R ) A ¥4 7 DA A
R I 1 RGEAE ¢, REW UGS RME T
IBAT, PRI A 3 3 ey T R A A A

31y
29+

1. : : - )
20 30 40 50 60
IKFE PR /C
B 5 fIHENTL
Fig. 5 Variation of heating capacity
RGN FZ WA A g, B2, Ik
— 76 —

LR M S IR E LA TG g, WP L 07105 1 28
. P 6 TN B KT I R IS4 , S REHE
PRSI RE RO RN B/, MK , S
L2 10% DL AE AL, 9K O 0 ARG T A,
LTS24 K T 0t/ M HE B T BT AR

950

20 30 40 50 60
TRE P8R C
B 6 thiEMT

Fig. 6 Variation of power consumption

7 B g iRk J5 2% COP #yREZm . Kl
COP LRI 5L N REA H, ith 28] 25 (A Wi/, 22 4k
D[] 8 1A 52 = 0 o 8 T 4 i AR 3 A 9 35 %o
COP IR T, B AR 2EAT | $12 T i B2 32 7 D
AN, S IFEE TR L, i R AT X COP T
SRR B, S5G181 5 I 6 I, Pifh
AT RGEIFER AL E/IN, COP Ay 22 il 3 %
A RS DR . IRl (25 ~ 40 C) |, I|IF
FEVETT AR PRI T 10 °C AR A9 2 3R it /)
HFAEAR, BT A COP 5 $R Ry i 22 BE R, B
H KRR T R L 38 B o) e T oy i PR R A
T BT AR AR AR | T 22 BN W0 PR
PE I PREE PR T XF COP (8 £ Tt 32 ) Sl e A1

5.0
——10C
4.5+ —2—6C
——4 C
——19.2%
4.0r —a 18%
% —k— 16%
O 3.5¢
3.0
2.5¢
20 30 40 50 60
KA/ C

E7 COP M=
Fig.7 Variation of COP

Kb T W T E P X5 16% 5 18% K ¥R, it
T TR ML S At P 18 T R COP IR 4888 K,
T 18% H119. 2% 1 5 , COP & A m it #2 b



$£39% H3IH
2018 £ 6 H

FREENETKIFEARAKF RN

Vol. 39, No. 3
June, 2018

2 T PR R R T 4 LI ST TR AR T R 4 T A
i, MR EE 19. 2% A9 MSCHT IR IS TR) B, 5 I O
18% AH L, COP R4 B ] 3 K, By LA — 3 il 26 B 28
SAHSE R BEFFEE COP, 538G K, SR, #5 IR — L
K, COP £k 5 L — IR B2 19 238 S 2 R T4 AT,
Ko B COP, [H IR B 386 A i sl /N 1 0 it
BFAIR Y COP, 5/NRFFEET ¢, AR W AR, %
2 FH IR B R R i ALK W S T 5 e

XF TR IAEE R Y, o PR IR CoP K, A ]
IRAR TR S AR A | X6 07 A R K, COP &,
HHEEZEHLR ST 4, 4 COP f R AE X,

Sk H B K 1 1 AR O T 2 AT B
AR g, FE/NA AT R 48 RV AT RS
1) COP, . &l 8 Fr/s KisA7 ikt COP, Hys2na , i &l
8 I, S HASC T BEAH L, BREAIK L A X COP (142
FHIFAIR SRR B A AR XS ¢, RYSZIR R,
1M q,, BYZB AT 3ok B BE PR 2 0 K DR bt ol A 32 0 4 B
AR AR B 78 /N T W BE T AR AR

S RREEE T S R R W], AR AE 10 C LAYk
TN B AT 5 IR A AR fh P R Y R AR
Jir D12 1 5 1 X8/ | ZR e xoh el PR R A 45
HIZROAN G LB RS LIRS 10 C LAY )3 4
FE A2 AT, RIVAT 3K 21 5005 o4 il 2o 3R RE AH JT 1 il) 24
PERE , P IR R AT 2 M 1 1) 78 7 22K

3.8-
4
o-
3.6F
© B4
% 3.4} o
Q K
3.2+
3.0 ¢
7 16% 18%19.2%10°C 6°C 4°C 2°C
BT

& 8 iIZ{TAIEN COP, BRI
Fig. 8 The effect of operating methods on COP,

4 it

A TIFRIE RO N TG |, LURIA ) 58
it TR R R N IR AR S RO AR i X R
POKLFMERBUEA T IO 5 08T, A R 4598

1) AP S BT, B2 K 1 3 16%
FELIE 10 C T T RGERER TR N 1.1
ke, AR A K COP, 433114 3. 05 F13. 68,

2) FETER K AR 28 1 ¥ 5 (5 i P g

FEAER T, 148/ 1 FL R 1R f) 9801 0 B AR
TRGEMENE

3) X bR T K R P A 7 S de A e T
AR RE , S BUBCR AR ] 4 70 o e U i A/ )
TR TR AR OCHE . 5 IRITEERATA LE
AP RS HARZX T 10 CLAA R E
PEEPE I EORANE , A Ja AR AT 2 — 2 5L g 05T, A
ARAG 8 (196 157 3

AT LTS ) TR Z AR 3h 5 A A r S B & 0 H
(1N-15-301-101) %¢Bli, ( The project was supported by the Key
Laboratory of Multiphase Flow and Heat Transfer in Shanghai
Power Engineering (No. 1N-15-301-101).)

S% 3k

[1] VJACHESLAVA N,ROZHENTSEVB A,WANG Chichuan.
Rationally based model for evaluating the optimal refrigerant
mass charge in refrigerating machines[ J]. Energy Conver-
sion and Management, 2001, 42(18) : 2083-2095.

[2] CHAE J H,CHOI J M. Evaluation of the impacts of high
stage refrigerant charge on cascade heat pump performance
[J]. Renewable Energy, 2015, 79 66-71.

[3] CHOIJ M,KIM Y C. The effects of improper refrigerant
charge on the performance of a heat pump with an electronic
expansion valve and capillary tube [ J]. Energy,2002,27
(4):391-404.

(4] KRR, REAE, TP, FoiEEXT /N HE PORS
RESZMA A S5 R A3 [ 0], 1 1 3038 K2 4 4, 2006 ,40
(8): 1307-1311. (ZHANG Liangjun, WU Jingyi, WANG
Ruzhu. Experimental study on the performances of small
sized heat pump water heater at different R22 charge[ J ].
Journal of Shanghai Jiaotong University, 2006, 40 (8 ) .
1307-1311. )

[5] &t SRR M, 5. Ri34a 25 TIRMGRHOK 4
SIS IERE T[T ], de 4Rk, 2014,35(3) ; T1-
76. (WANG Zhihua, ZHEN Yuxin, HAO Jibo, et al. Ex-
perimental investigation and performance analysis on R134a
air source heat pump water heater[ J]. Journal of Refrigera-
tion,2014,35(3) : 71-76.)

(6] M, EVME. A9 A @ IR A R G AN ) e
TRSEER T [T]. H1% FHR, 2006, 27 (3) : 50-53.
(YANG Qiang, WANG Huaixin. Experimental research on
heat pump system with high pressure liquid receiver at dif-
ferent refrigerant charges [ J].
2006, 27(3) : 50-53.)

(71 XUg~F, A oe e, B Ak, il ve 70 FEHE B X v RUAR i v 1
AERC M ISR 7E (1], (R 585 ,2010,38 (12) » 37-
43. (LIU Jinping, QI Yuanlong, CAO Le. Experimental

— 77 —

Journal of Refrigeration,



$£39% H3IH
2018 £ 6 H

Hl% F |
Journal of Refrigeration

Vol. 39,No. 3
June, 2018

study on the effect of the charge of refrigerant on refrigera-
ted cabinet performance [ J]. Cryogenics and Superconduc-
tivity,2010,38(12) : 3743.)

(8] XUAS BT, BB, 4. v 7 FE T H X A e AR IR
YRR [ ], #%2EH,2011,32 (1) 12-15.
(LIU Jie, ZHAO Yu, QI Zhaogang, et al. Impact of refrig-
erant charge on mobile air conditioning system with new
heat exchanger[ J]. Journal of Refrigeration,2011,32 (1)
12-15.)

(9] M, 8k, G045 RIZ4A FEIE i AR AR 2

Gesgma f g BT 5[ 1], WAAHLAR, 2014,42(2) : 14,

(YANG Ping, WANG Tie, JI Zhijian, et al. Experiment

study on the effect of R134A charge quantity on the built in

refrigerator system [ J ]. Fluid Machinery,2014,42(2); 1-

4.)

TR IS, Fo, 5. ZIREAS TR TR A% B9 B0t K

ARO[ ], HRHAR,2013,33(3) :27-30.

(WANG Haifeng, SUN Yajuan, WANG Chong, et al. Im-

provement of multifunctional air conditioning water heater

[10

[

and research on optimal refrigerant charge [ J ]. Chinese
Journal of Refrigeration Technology, 2013, 33 (3) . 27-
30.)

Wi , B SR A 205 0 A TRARAIL D w00
RRGERERISEMRI[T]. 17711, 2014,35(5) : 83-87.
(YANG Lihui, TAO Leren, LI Fangqin, et al. Influence of

(1

[

a little liquid entrainment into compressors on refrigerating
system performance[ J]. Journal of Refrigeration,2014,35
(5).83-87.)

V% 25 KR A WG IR YR Bl i 7 R 4
PLEERE R W A9 S B FE[T]. il v =A% ,2011,32(6)
25-29. (TAO Hong, YANG Jun, LIU Chunhui, et al. Ex-

[12

[

perimental investigation on effect of suction gas superheat

on rotary compressor performances[ J|. Journal of Refrige-

ration,2011,32(6) : 25-29.)

[13] 3k, XA, g/ A 28 SRR BOK SR 78 70 78
HR IR [1]. e 52 (deat) ,2016,16(9)
41-44. (ZHANG Chao, LIU Zehua, ZHANG Xiaohong, et
al. Experimental study on refrigerant charge in air source
heat pump water heater[ J|. Refrigeration and Air-condi-

tioning,2016,16(9) : 41-44.)

i, 5’751:1:, OGS A5 VUM TR Sh e 5 1 4

P RGNERERE R ST [ 7] 78544 ,2010,31(4)

22-34. (HAN Lei, TAO Leren, ZHENG Zhigao. Experi-

[14

[

ment on effect of liquid-refrigerant return on performance of
refrigerant system with rolling rotor compressor[ J]. Journal
of Refrigeration,2010,31(4) ; 22-34.)

(15] HPAEE REEL, XE. BT IZKREAR SR T]. Wik
TA£,1992,20(7) :1-5. (TIAN Huaizhang, ZHU Ruigqi,
LIU Xing.
[J]. Fluid Engineering, 1992,20(7) :1-5.)

[16] RIPEAE, Sl o7 I K I A o35 A A ke 34 [0 ].
HE S22 (PUJI) ,2007(2) ; 72-76. (SHANG Pingjun,

YI Jiating. Advantages and developing trend of electrical

The review of the electronic expansion valve

expansion valve [ J ]. Refrigeration and Air Conditioning,

2007(2) : 72-76.)

BIEEEEN

B ARA=, 5 3, BB TR REIR S 8 ) TR 2B, 1% 5
IR TR T, 13916356948 , E-mail ; cryo307 @ usst. edu. cn,
WFFET5 1 AR Ve R ARIRLE W BB

About the corresponding author

Tao Leren, male, professor, Institute of Refrigeration and Cryo-
genics, School of Energy and Power Engineering, University of
Shanghai for Science and Technology, + 86 13916356948, E-
mall; cryo307 @ usst. edu. cn. Research fields; low temperature

refrigeration system, cryobio-medical technology.



