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Abstract  Air-source heat pump systems with vapor injection have promising potential applications in cold areas in China owing to their
high efficiency at low temperatures. This study investigates the effect of the refrigerant charge on the energy efficiency and operating
parameters of air-source heat pump systems with vapor injection at low temperatures. The results demonstrate that as the charging quantity
increased from 19 kg to 25 kg, the suction temperature and pressure of the compressor slowly decreased from =11.0 C to —=13.7 °C and
from 0. 305 MPa to 0.320 MPa, respectively; the discharge pressure slowly increased by 5.6% ; the heating capacity and compressor
power steadily increased; the energy efficiency gradually increased. When the refrigerant charge exceeded the critical charging quantity of
25 kg, the operation of the compressor degraded; the temperature of discharge gas increased by more than 11%; the discharge pressure
increased by more than 13.6%. At the optimal refrigerant charging quantity of 26 kg, the maximum energy efficiency of the unit was

2. 12, which demonstrated a 14. 6% increase compared with the case of 19 kg refrigerant charge. As the charging quantity increased from

26 kg to 28 kg, the coefficient of performance slowly decreased.

Keywords air-source heat pump; enhanced vapor injection; refrigerant; R410A
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Fig.1 Principle of air-source heat pump system with vapor injection
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Fig.3 Influence of charging quantity on suction temperature

0.32r

<

W

—_
T

WS JE F1/MPa

0301 °

029 1 1 I 1 Il 1 I 1 1 I}
19 20 21 22 23 24 25 26 27 28
FerER/ke

4 TEEXNRSIEAHZME

Fig.4 Influence of charging quantity on suction pressure

&1 EFNRSSH

Tab.1 Suction parameters of compressor

R, WUR WUR | EERY RUR RUR

BE/C S1/MPa | kg BE/C F1/MPa
19 -11.85  0.32 |24 -13.62 0.3l
20 -11.20  0.31 |25 -11.01  0.32
21 -11.92  0.31 |26 -13.40  0.30
22 -11.77  0.32 |27 -12.40  0.30
23 -12.67 0.31 |28 -12.82 0.30
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Fig.5 Influence of charging quantity on exhaust temperature
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Tab.2 Exhaust parameters of compressor

FER, R HFUR | R, R HRUR

kg BE/C Ji/MPa kg BE/C J1/MPa
19 76. 89 2.48 | 24 78.83 2.62
20 78.22 2.51 25 77.63 2.61
21 76. 04 2.56 | 26 82.93 2.77
22 76. 80 2.57 |27 85.77 2.86
23 77. 88 2.60 | 28 86. 36 2.96
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Fig.7 Influence of charging quantity on heat production
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Fig.8 Influence of charging quantity on compressor power
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Fig.9 Impact of charging quantity on system COP

HSEB 25 R A TR, FRORALA REAK S v 70 58
AR, B SR e AN, RGEREREIY
Jer v, AEAE S ARV TR FETE R 5 A AR v A A
THRTHPLA AR, BRI BERSCL ALk H5m] i, S Pl
Vo R FE T A T /N Tz AR

4 &g

ARGl IR E T AN RS A PRI
HEABERIE N -12 °C KR A 36 C fAFFFH
TR 42 1 W S TR A 4 °C el Fl I K s
AT R 10 °C T80T, v 700 78 1 5 6 LA 7
RE BT T SRR A B I R 458

1) IZAEN AR AT T, b 25 % 77 78 7
T 19 kg 38 % 28 kg, 45 HL S E T 7E 0. 295 ~
0.320 MPa i [ENZZ18 T %, 781 &y 28 kg I R 40
ML SR T b 19 kg B R R 8.22% ., W <R M
—-11.0 CFEE-13.7 C, H SRR e E R A
A A

2) b A T i 19 kg 34 % 28 kg, 45
MUHESRE R ¥ 8 LIt as, mdah 19~25
kg BF  HESSBUROR B 2  HEFSORE B 2.5% , HE
ST ETHS5. 6%, ekl 25~28 kg B HEARE
T 1%, HESE F1 T 13.6% , HER S 50 (L
ITE N

3) BEEHIA ) FEE R 19 kg H9 E 28 kg, HLAL
IRy 42. 10 kKW 4 5 48. 56 kW ; JE 48 HLII 2 i
22.67 kW 5% 24. 50 kW, 31 1. 83 kW, £ 48 COP
L ST R R A fETE R COP 2 2. 12, IEH X

IS R FE TR 26 kg

4) IZMLLLAEAE fi o BRSO IO 1 e A 1 ¥4 391 e v
B, BRI R 26 kg 5, R4 HL ) A R 1
PR RERCEUR R R . (R I AR Al Fe e HLHE S B
FETEARHLIZATIRAS K A 3 AR AL I A 98 70 2 1
25 kg, B, [R5 JEHLA BERL S R 45 WLz 1Ak
A e R Fe i i, RE 8 RECRIE LA 90 A 38 i gk
MR FRE s TR

% 0k

(1] #HFV, Wk, B8, & SR E AR EI5EE 25 0
RS S AR T]. SRR X 3, 2005, 24
(5):20-23, 48. (FENG lJiaping, XU Tao, YANG Fei,
et al. Application and development of air-source heat pump
to HVAC in China[ J]. Building Energy & Environment,
2005, 24(5): 20-23, 48.)

[2] RIF, REE, =/, F STBEHREETTHE
BRI [J]. AR Dol HeR, 2017 (17) : 124, (WU
Weiping, WU Chen, DOU Xiuhua, et al. Application of
air-source heat pump in building energy saving [ J]. Shan-
dong Industrial Technology, 2017(17) : 124.)

[3] FH&, BAZE. A 25 i s LR R B R SR
[J]. BT HLHE, 2018, 36(4): 93-99. (TANG Yifei,
ZHAO Jun. Study on air-source heat pump system with
economizer| J ]. Light Industry Machinery, 2018, 36(4) .
93-99.)

[4] WANG Wenyi, ZHOU Qun, TIAN Guanyu, et al. The in-
termediate temperature optimization for cascade refrigera-
tion system and air-source heat pump via extreme seeking
control[ J ]. International Journal of Refrigeration, 2020,
117 150-162.

[5] WEI Wenzhe, NI Long, WANG Wei, et al. Experimental
and theoretical investigation on defrosting characteristics of
a multi-split air-source heat pump with vapor injection[ J].
Energy and Buildings, 2020, 217. 109938.

(6] FRa¥. JEAFHLAN IR H AR [T]. BAR R T
Ak, 2020, 41(8) : 215-216. ( CHEN Chaobo. Research
on the technology of air supplement and enthalpy increase
for compressor [ J]. Modern Business Trade Industry,
2020, 41(8); 215-216.)

(7] gL, SOESS, ARSI, 45 AN UG R RS
B GBLBF S ()] FEGHLAE A, 2019(1): 31-36,
(JTANG Jianjiang, HUANG Zhengzong, ZOU Yinming, et
al. Study on compressor using in heat pump system with
vapor injection [ J ]. Compressor Technology, 2019 (1) :
31-36.)

(8] WRARTR. G MW THG kS 2 U Y BR AR A0 5 20 A7
[J]. BHE581H, 2018(4): 63-65. (GUO Chunlei.

— 119 —



$£43% Fo
2022 F£ 12 A

#l % F W

Journal of Refrigeration

Vol. 43,No. 6
December, 2022

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Defrosting advantages of coupled enthalpy air-source heat
pump [ J]. Science and Technology & Innovation, 2018
(4):63-65.)

CHESSER M, O'REILLY P, LYONS P, et al. The impact
of extreme weather on peak electricity demand from homes
heated by air-source heat pumps[ J]. Energy Sources, Part
B: Economics, Planning, and Policy, 2021, 16(8): 707
-718.

PR, mAns. OKIEREX co, = MR R G
RERSZM[ )], AR 58-S, 2020, 48(4): 100-104.
(LIU Zeqin, GAO Menghan. Effect of water supply tem-
perature on the performance of CO, air-source heat pump
system [ J]. Cryogenics & Superconductivity, 2020, 48
(4):100-104. )

TR MRRG BT R 5 25N
[T]. #1¥ 52298 (dbmt),2019,19(7) : 52-60. (YU
Qidong. Analysis on influencing factors of operation and e-
conomic evaluation for heat pump systems[ J]. Refrigera-
tion and Air-conditioning, 2019, 19(7) . 52-60. )
WP, MiAHE, SR, 5. AP To0x 2 IR AR
PUKAERERRZ [T ]. & 5250 (L), 2020, 20
(10) : 67-72. (YANG Qingcheng, SHI Yongkang, ZHAO
Jiuquan, et al. Impact of ambient condition on performance
of air-source heat pump water heater[ J]. Refrigeration and
Air-conditioning, 2020, 20(10) ; 67-72.)

AL, R, RE, S RIS T R G )
FEERMEEIIET]. RIBSHES, 2019, 47(12);
62-66, 71. (ZHANG Wei, LI Kang, YU Jun, et al. Ex-
perimental study on refrigerant charge of a secondary loop
heat pump air conditioning system[ J]. Cryogenics & Su-
perconductivity, 2019, 47(12) : 62-66, 71.)

FRNIG, FEESR , BB WIS A RIS X
RGENERERIRZIRI[T]. Hl¥%~#4f, 2019, 40(4) : 37-44,
73. ( RAN Xiaopeng, ZHAI Xiaogiang, LUO Qiong.
Effect of vapor-injection mass on system performance air-
source heat pump with enhanced vapor injection[ J]. Jour-
nal of Refrigeration, 2019, 40(4) . 37-44, 73.)
XIBIRR, JRpk, 25RE, 4% FERER MR S R S
RIS OEFE[T]. WARHLIK, 2020, 48(5):
82-88. (LIU Mingkang, SU Lin, LI Kang, et al. Experi-

mental study on refrigerant charge of heat pump air condi-

— 120 —

[16]

[17]

(18]

[19]

tioning system in an electric vehicle[ J]. Fluid Machinery,
2020, 48(5) . 82-88.)

T, AR, E. A TR AR A I R S
BRIFEEREMFEL)]. BARS, 2021(12) : 99-101.
(ZHANG Wei, LI Kang, ZHOU Ping. Research on refrig-
erant charge of electric vehicle secondary circuit heat pump
air conditioning system[ J]. Auto Time, 2021 (12): 99
-101.)

B, TRES, TR, . BRI EE A PR
FEER AT [T]. ®HOR, 2017, 37(2) : 60-
63. (ZHAO Jiawei, ZHANG Hao, SHI Junye, et al. Ex-
perimental study on refrigerant charge of heat pump air con-
ditioning system for electric vehicles[ J]. Chinese Journal
of Refrigeration Technology, 2017, 37(2) . 60-63. )
Eipl, RSP, B, S5 ZIhaEss AHUK SRRt
VTR SR S M [J]. HI¥e a4, 2015, 36
(3): 87-91. (WANG Haifeng, ZHANG Shoubing, YUAN
Huihui, et al. Experimental study on optimal refrigerant
charge of multi-functional air-conditioning hot water heater
[J]. Journal of Refrigeration, 2015, 36(3): 87-91.)
JAKRE, AR, T /L. HIVe R e B S B A
Xf s PRI POKEHERERIRZ M [T ], v 5250 (b
7)), 2018, 18(10): 77-82. (SHI Yongkang, YANG
Qingcheng, DING Xiaojiang. Impact of refrigerant charge
amount and capillary length on performance of air-source
heat pump water heater[ J]. Refrigeration and Air-condi-

tioning, 2018, 18(10) . 77-82.)

BEEEEN

HSCRE, 55 YR, e IR Tl RS R 327 B, FE IR £ N\ 2R
BiRk 5 R Tl M s B AL 3 5 A5 52 58 %, 13206526315,
E-mail ; zhengwenke2010@ 163. com, I g
BRFHWEIIT,

About the corresponding author

Zheng Wenke, male, lecturer, School of Architecture, Harbin In-

stitute of Technology, Key Laboratory of Cold Region Human Set-

tlement Environment Science and Technology, Ministry of Industry

and Technology, +86 13206526315, E-mail: zhengwenke2010 @

163. com. Research fields: heating ventilation air conditioning,

research for refrigeration system and equipment.



