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Experimental Research of Dual-source Heat Pump Unit Based on Solar
Photovoltaic and Photothermal Component
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Abstract Based on the solar photovoltaic-thermal integrated system, we designed a dual-source, i. e. , solar photovoltaic-thermal and air
source, heat pump unit. The unit becomes solar assisted heat pump system when combined with solar photovoltaic thermal unit, which
produces domestic hot water by air source and circulating water in the solar photovoltaic solar-thermal components (PV/T) and reduces
circulating water temperature and solar photovoltaic panel temperature. We drew the conclusion by experiment that when the inflow water
temperature is 20 °C on the evaporation side and the outflow hot water temperature is 50 °C under the rated conditions, the unit capacity
is 2. 855 kW for refrigeration and 3. 594 kW for heating, and the COP is 3. 6. When the unit operates in the water-water condition and wa-
ter-air condition, the experiment result shows the dual-source heat pump unit has remarkable energy-saving compared with single air
source heat pump when the photovoltaic-thermal solar heat is used for domestic hot water.

Keywords solar potovoltaic; air-source heat pump; refrigerating capacity; coefficient of performance
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Fig. 1 The working schematic of double heat source

heat pump unit
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Fig.2 The design schematic of dual heat source

heat pump unit
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Fig. 3 The schematic diagram of solar photovoltaic

thermal system
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Fig.4 The aspiration and exhaust pressure of compressor

varied with inlet water temperature of the evaporator
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Fig. 5 The aspiration and exhaust temperature of compressor

varied with inlet water temperature of the evaporator
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varied with inlet water temperature of the evaporator
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Fig.7 The aspiration and exhaust pressure of compressor

varied with the temperature of the outlet water
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Fig. 8 The aspiration and exhaust temperature of compressor

varied with the temperature of the outlet water
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Fig. 9 The heating ( cooling) capacity and power of the unit

varied with the temperature of the outlet water
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Fig. 12 The water tank temperature varied with time



$36%E F5H

LR

Vol. 36,No. 5

2015 %10 A Journal of Refrigeration October, 2015
800 L #UK 104(4) ; 358-365.

LA [3] Chaturvedi S K, Abazeri M. Transient simulation of a ca-

4 fAle solar-assisted heat

1) AR 353 % AR HAIE MLL AEAS [) 7K Il T 450
THIHL S50 C KK 20 °C T30 F il U [R] R EE
PORIEATSLIGAF ST, 38 5 X ALAL R i LAY W HE S
TRV FEE A 206 448 R A0 M ] 0, SRR AL 7E 7K ¥
ZE R AR IPE AR BE VL A 10 ~ 30 °C il 45 ~ 55 C
A S HFOK B BT RE TR

2) RHLALAE K IR 20 °C T30 il BBUA [i] 35 2 4
IRIEATSLBGAESE , F AL A o ¥4 B T 44 FD T i
B 25 SR OB AL KV 28 /K IRLEE 20 °C 4
AKH KR BE 50 °C #iT T80 R, ML A6 i B ol
3.594 kW, ¥4 HEl 2. 855 kW, COP ik % 3.6, i /&
FENLEE T ELR | [FIRTHLAE F 7R e T 5 Rl

3) G IR AE K ¥ 78 J A N 2E AL 10 ~ 30
C IO FHIHL45 ~55 CHOKIEFTLEEIFE, Al
(1) COP S5 45 5 43 M v] A1, Bl & 7K V8 28 & e i 7K
TR BT s HLAE RS COP ETF, Mk ANLYL 78 & 7%
MR 7K IR B AR A 10 °C | Tl B K A9 T B 4 50 °C
IF, HLZH Y COP 2 2. 63, 478 % a Mt /K I B8 3k 3]
30 °C i BCAK IR E } 50 °C I, HLAL Y COP ik 2]
5.05, UEHIALAL AT e

4) 53 XML AE K V2 25 A g Mk 7K I BE 10 ~ 30
C T HIEL 50 CHOKFIATRE -7 ~30 CF il H 50
CHUKIATL AT, W T X LA COP SLER 45
S3HTRR LM DX R S AT LS RT R, A A
LA R — ) 2 SR AN BA S ok fris e
P, TR, AL BB LR UE — 4 DU AN ] W7 R At A 06 FH A
K IRBEERTRENE , XHHLALR FHAE K BARE G IR et
ARG EHUKE PR KRR A TR 5T , Fr K
FEAKIRAS A 45 5 o0 B vl A, WL BR 6% 3 A8 e 18 1T,
IF Bl R EK

RSO LTI RPN HU A MR BF L 577
5 H (CXY-2013-49) AT A4 (D14003) W H ¥R, (The project
was supported by the Shanghai Technology Research and Demonstra-

tion Program of Solar Distributed Generation Front Integration

(No. CXY-201349) and the Hujiang Fund (No. D14003). )
P

[1] Sporn P. The heat pump and solar energy[ C]//Proceed-
ings of the World Symposium on Appiled Solar Energy.
CA ; Stanford Research Institute, 1955, 1-5.

[2] Chaturvedi S K, Chiang Y F, Roberts A S. Analysis of
two-phase flow solar collectors with application to heat

pumps [ J]. Journal of Solar Energy Engineering, 1982,
— 54 —

[4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

pacity-modulated, direct-expansion,
pump[ J]. Solar Energy, 1987, 39(5) . 421-428.
WENE, BT, T, KIHRERER AR G S0
WHFE[T]. KBHfER, 2002, 23(4) : 408-413. (Kuang
Yuhui, Wang Ruzhu, Yu Ligiang. Experimental study on
solar heat pump heating system[ J]. Acta Energiae Solaris
Sinica, 2002, 23(4) : 408413.)

WoEE, AT, B AORBH BRI RAIK AR 1 SE 5T
[J]. TS P4 2005, 26(3) : 379-381. (Kuang
Yuhui, Wang Ruzhu. Experimental study on the direct-ex-
pansion solar-assisted heat-pump water heater[ J]. Journal
of Engineering Thermophysics, 2005, 26(3) : 379-381. )
WENE, EAnPT, VessiR. ERORBH R AEROK R
GRIVEREDETE[J]. TR AR, 2004, 25(5)
737-740. ( Kuang Yuhui, Wang Ruzhu, Xu Yuxiong.
Studies on the performance of a direct-expansion solar-as-
sisted heat pump water heating system[ J]. Journal of En-
gineering Thermophysics, 2004, 25(5) ; 737-740. )

SN SLIR-RIHBERMAE R G N Z I RERE R ER S
PEREDFFE[D]. A hEBHEEAR K, 2006.
TRIEDE, SR/, e, PIRP AR IAESH B R B BB IR/
e — AL AR RE M M (1], 1B T2 4H, 2008, 59
(Suppl. 2): 224-229. (Xu Guoying, Zhang Xiaosong,
Yang Lei. Performance evaluation of PV/T integrated heat
pump using two different collector/evaporators[ J]. Journal
of Chemical Industry and Engineering, 2008, 59 ( Suppl.
2):224-229.)

Comakli O, Bayramouglu M, Kaygusuz K. A thermody-
namic model of a solar assisted heat pump system with en-
ergy storage[ J]. Solar Energy, 1996, 56(6) ; 485-492.
sl BBErt, B KB RE-= OMRIRE G R
RGMEREWTSE[)]. WARHLBK, 2011, 39(8): 74-77.
(Zhang Chao, Zhao Xiaodan, Zhou Guanghui. Studying of
system performance of the solar-air dual-source heat pump
[J]. Fluid Machinery, 2011, 39(8) : 74-77.)

KRk, EHeah, mHBEE, % KHEGRPOK RS M
EEBRAAI[T]. TR R, 2012, 33 (7).
1240-1242. (Guan Xin, Wang Yandi, Xiang Yongtao, et
al. Cascade utilization of energy in solar photovoltaic hot
water system [ J |. Journal of Engineering Thermophysics,
2012, 33(7) . 1240-1242.)

BEH, KRR, XIS, KEHGECHOLR— IR R GtiatT
SLEWRSE[ )], WHEBOR, 2009, 27(5) ; 445-447. (Mu
Zhijun, Guan Xin, Lui Peng. Experimental study of hybrid
photovoltaic-thermal solar system[J]. Energy Conservation

Technology, 2009, 27(5) . 445-447.)
(FH% 64 T1)



$36%E F5H
2015 510 A

Hl% F |
Journal of Refrigeration

Vol. 36,No. 5
October, 2015

mon problems of household heat pump water heater during
operation period and its improvement measurements [ J].
Building Science, 2010, 26(4) : 106-109. )

[13] EEHF, A0, B, WIS RAREROK S T
BEHILT]. il v 52838 (dbst), 2007, 7(5): 78-80.
(Wang Shanping, Gu Bo, Han Runhu. Application of
scroll compressors to heat pump water heater[ J]. Refrige-
ration and Air-conditioning, 2007, 7(5) : 78-80. )

[14] Gabrielii C, Vamling L. Drop-in replacement of R22 in
heat pumps used for district heating-influence of equipment
and property limitations [ J]. International Journal of Re-
frigeration, 2001, 24(7) . 660-675.

[15] Liebenberg L, Meyer J P. Potential of the zotropic mixtures
R22/R142b in high temperature heat pump water heaters
with capacity modulation[ J]. ASHRAE Trans, 1998, 104
(1).418-429.

[16] S4k%, B, T, . hrnk PO UK S TR
e RSB FE L C/ /il Ve 223 2007 22 RAE 2218
SCAE. N SR 2, 2007 112-116.

( 255 54 1)

[13] RViE, #hss. HEM ARG M]. FU%, WL
AR AL, 1997,

[14] #IEhas, sk, T PLC MYHL TR IK AR 280 F 4 e
FEHILI). A eEoR 5N, 2008, 27(7): 17-20.
(Chu Qinting, Zhang Ping. PLC-based parameter adaptive
fuzzy control for electronic expansion valve[ J]. Techniques
of Automation and Applications, 2008, 27(7) . 17-20.)

[15] A NEEFPLMBT ST BE. GB/T19409—2013 7K (M) T4
RALALEFRARELS]. dbat. H EbRE Rkt 2014,

[16] EZHE DT, GB/T23137—2008 K HIZE
R PR IR S]. dent. ERMEL ML, 2009.

[17] &@EA&HEWREREAE AT RS GB/T21362—

(177 VAR, Bh. Z D REIAIE 25 98 5 oK S 18 5 ) 2
WO SRR [J]. HesE4R, 2011, 32(4): 39-
42. (Jiang Lexin, Zhong Jie. The theoretical analysis and
experimental study of multi-funtion heat pump in regulating
load of hot water and air-conditioning[ J]. Journal of Re-
frigeration, 2011, 32(4): 3942.)

(18] Eifgl, skih, ZRHREE. A TGEMCTT AU s s
4. I, 2011102513643 P]. 2013-03-06.

BIEIEEEN

FHFUE, B, g TR, N R A TS BE R A B
13015506045 , E-mail : wanghaifeng@ zzuedu. c¢n, BF 5% 77 [« il
¥ R T REHEIR TS

About the corresponding author

Wang Haifeng, male, senior engineer, School of Chemical Engi-
neering and Energy, Zhengzhou University, + 86 13015506045,
E-mail ; wanghaifeng @ zzu. edu. cn. Research fields: refrigera-

tion, heat pump, energy saving technology.

2008 Mk E Tk B B U & i B O HLL ST, dE
ot P ERRAE L RF, 2008.

BIEEEEN

N 53 FEBR AR WE ST A, b BT R S B 5 AR B
18301976852 , E-mail ; skhndc@ 163. com, #FFE 75 1] . KFHEE,

R EEERE (o

About the corresponding author

Sun Kun, male, master degree candidate, School of Environment
& Architecture, University of Shanghai for Science & Technology,
+86 18301976852 , E-mail ; skhnde@ 163. com. Research fields .

solar, indoor air purification.





