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Experimental Study on Heating Performance of Air-source Heat
Pump with Natural Cold Source Subcooling

Niu Jianhui  Bu Qiujun

( Department of Energy Engineering, Hebei University of Architecture, Zhangjiakou, 075000, China)

Abstract There are many natural cold sources in the northern China in winter, and thermodynamic analysis shows that the heat released
by the working medium subcooling can be compensated in the isothermal heat absorption process of the evaporator. To determine the influ-
ence of a natural cold source on the heating performance of a heat pump, an outdoor sub-cooler was added, and an air-source heat pump
experimental device using a natural cold source was built. The influence of subcooling on the heating performance of the air-source heat
pump was experimentally investigated. The experimental results show that subcooling has minimal influence on the heating capacity and
heating coefficient of performance ( COP) of the heat pump when the outdoor temperature is above 0 “C and the condensing temperature is
less than 45 °C. The heating capacity of the system is maintained between 6. 22 kW and 6. 70 kW, the heating COP is maintained at ap-
proximately 3. 03, and the discharge temperature of the compressor does not exceed 103 °C. However, when the outdoor and condensing
temperatures are —10 °C and 50 °C, respectively, as the subcooling increases, the compressor power and its discharge temperature in-
crease significantly, the heating capacity of the system increases slightly at first and then decreases, and the heating COP decreases to
2.3. The results show the feasibility of the proposed air-source heat pump system, which uses subcooling for defrosting and can achieve

defrosting without stopping heating.

Keywords air-source heat pump; sub-cooling; heating performance; defrosting

23 IR BENS DUEAR 5 BE 52 T FERH IR TRL AL 44
REHFTIA 2= el (o7, AT R A 2 AF AR 9 B AR RE TR
TRLF b R R R R B R RS
SRS IEE AEPROK I 850 T A A el
UGETEVE L DX 1 HR L T (8 R Bl R SR A T RE
WAHFRCR U R 3, R e BA & 2 |/
fE IR T AL, IR RS —HLIHI T e Tk
b5 B TR 2 OURASR O R A

23 SRR AETEVS B iR X 7 I, Bl 28 AR
SRR R AR, 25 7 i P2 I 2 (ol R e S B Tl P2 ARG

Wk B 397:2021-04-27 ;& 1] F 41:2021-07-10

T 0 C HART 23 U85 il JBE N, P 2 1 22 45
o SRR ANDUOE R =SSN, Rl ik R AR R il
HARE Ty, T E I B S HLALENL . BRAER, 7
THFERC A S e (LA CR LAl iR sE 845
FURT B X 2 SO AR BB 3R 7 12 A 300708 26 B
B AVBRART AR AR A TR LRy
VEBRFRIY , —J7 1 Al BENG A L AE | 53— J7 1 n] AE
ARG BRI, B iE 5 R AEAETIE , K
B 2 RPRIAAE FROBT R BR R 7 SO 2L

AET7 & ZE R NI R 4 AR R R ARV TR, A



F42% FoHl
2021 £ 12 A

R

Journal of Refrigeration

Vol. 42 ,No. 6
December, 2021

PAT2EFEAIHT R B SRV TR AR A I v e 4
I PERE A RO . R R 20 H KR
GURI SRR R G . AER AN
Y WA I A Ve LA RS AN HLAR L A T
BGR AT SEIG ST T 32 e v RN B 1R A v e
FIFH B SRE TR PG IR, 4 L 0 | v e AT Rk
REZE PR, 1R R RSB 28 5UE
AEPEIRIEAT V8 107 6 v R AL S I A Co, A
RRGA TR ERE, AR R T T 7
[ PARTE

R T AR ARV IR, A SO R134a Ry i 1%
R VTR R G, W =5 4% 3 R H A
SRR ¥ 1 28 SR AR LI R G0, BRI S S 56
T LR T IZ R Gl AR RE , 4 LA ) —Fh a3 <

1 ARIL 2 FIPIEINR 3B

NV T e L 1 ) 2 3 8 5 il v 790 1 et A = Ak
SORAEEEE | DN BUR P u R Y UM T ST PN
— B BN R AT AT AW O I B, 2R
PRIV AR BN & 1 B, REE IR bl =
WALAL I 3 AMILALSE 4 KPR, 5%
PLEAATR], ML R 2 & B M e i g IR B (3
4) |8 DI ri A AT LA S B 2R A A 3 B ad
et MR AR IR . RIZAAs 3 nTRIE
R AT 28 R B i) DIE Ry i v 25 SR 2R
Gead v PG

?
7
5 |
Xt Q|
a i
Bl %7);
4
— ® WK & W

B 1 =ZKEARDT L HAFEIRRE
Fig.1 Principle of sub-cooling heating of air-

source heat pump
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Fig.2 Ig p-h diagram of sub-cooling heating cycle
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Fig.3 Experimental device of sub-cooling heating of air-source heat pump
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Fig.8 Sub-cooling parameters under different conditions
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