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ARG MERE R B (coefficient of performance, COP) FlftsK
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Fig.1 Schematic diagram of energy storage solar heat pump
system with inserted heat pipe
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inserted oscillating
heat pipe
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Water circulating outlet
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Phase change Solar evacuated tube

materials

B2 FRAEAEAETXKMEERELEMNE
Fig.2 Schematic diagram of energy storage solar collector with
inserted heat pipe
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PR, AR AEEINAIE K BRI . R S
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— MG IR K ZE BT it KR

B3 AZILATHNRKESE

Fig.3 Test rig under winter condition

2 ZETRTARFEM4RERE

2.1 REENRA
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J5 DA K 70 FH A 78 E AR A P RL S 2R G0 B A P BE IR s
TE 7 5T K 2= REJR S AU TR 24Pt (32°04'26.26"N,
118°48'51.89"E) #5417 Kl 3 H i RG M a ol iAL &,
WS AR 1 R,

MR A7 € B 2 30 K B A FAK 3R Gt B FH 5 AR b
(GB50364-2018) ) PrdisE, KFHAEHUK RStk K
T KRR R & BT B R AR GRS KHEK %
HHYE (GB50015-2017) ) P XM 5E . W 4R E bp
GB50015-2017, H & #OKAL N MG & & 1 FE 2 F AN
H i H /K &N 40~80 Lo BUEHE = 11 2 X6 H AlF 3 #4
JKIK=H 180 Lo

TG H BT FH 2 A 38 LR 1, J oK PR AR S o
i AK B ESE 511 Global Water WE300 Wl &, A SH%8 5 %1
PEILRAL GL500-7-2 it3%. PRBEEE. Bkttt mK
T K A I, IR AR B IR R T T
1%, FRAFNURIKIE 1 R Th 26 th Th 2 ARk 28 45 . R
Agilent 34972A HHERAACEE 10 s RAEHHE 1 K. 58+
T FRH AR 4 Rk i FH I 24 42 A 25 3R 70 6 TR A = 2B 7= 11
Y Ak, AR E N 48~50C, #HkN
2.9x10° J/(kgK), [EAKZEER 912 kg/m®, WA %
N 769 kg’ FRALTEICH 234 ki/kg.

AFFRIFET 2 a IRK, 5 1 FEERBS TR TEM
BRRL, 5B 2 MR R EEA RS VE A M R, T
KEPEAR IR, XA T AE IR & CRPHE
SPOmIE . K PRER S o B AR v 22 ARSI S N, 7
AHAS AT 28 558 T IR BE 588 555 33 20 14 () 5
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F1 AENEEE
Table 1 Test measurement device

LK Ttems HiARHE Technical specification
HHL A A5 OMG-TT-K-30-SLE, ] & 75 [ :
Thermocouple -200~1 300, #&E: 0.75%
o MPM480, ksl &G : 1~1.5 MPa,
S BRI, 15 MPe, FHILS
Pressure transmitter = A ) e R
+0.25%
AN7931X, % R VER: 20.0~600.0 V,

DI BRARIE AR g e N
Pjﬂg{]‘%ﬁ WUE BTG 0.03~40.00 A, TEFREEE.
ower meter 0.5%
. 0
AL /TN LWY-10C, JEJEHE 02~1.2 m*h, K
Turbine flow meter 1%
o Global Water WE300, Il fg 35 . 0~
dim ,
Sﬁffﬁiﬁir 1500 W/m?, JGiliiifE: 03~3 um, &
FEE: £2%
B RS E Agilent 34970A,20~120 #, 6.5 fi 73 PE%,

0.004% A% B i B RS 15

Data acquisition device
2.2 iFMERR
2.2.1 Ak

AFARTOUN KRS 55, & Ae A UK
FHRE R EHE B E AL, FEB MR RGR LI
IR o RIS IRV AV IS 1 DRI K 5 IR R
SAL IR R, 7 e T A A AV O B 4R A R A
PR SE T R AR BIR IR . AR AE &
FHIRE, BRESRBREETRRTN S5 KRB IFE
2. LS IOCHR[26-28], & XAF TN KRG
e SOV ES)

7= CwPY9n (tho —ly ) -F
Al
Xy ARGBEIT R o, WKITEEAEE, T(kgK):
p FKIERE, kg/m®s g ARGEA B IIE IR K IR
Tt m/s; tho NIIEAEBIEIA K HAKIRE, Cs ty
NRIEA BRI MG KRB, Cs A NATEZEY
R, m?s TONKPHARS98EE, Wim?; P ARSEA LA
IKELFED, W
2.2.2 ABERKE
[E xRS K AR B A MTE (GB50788-2012) ) )
HE, EEHUK RGN HKREAMMET 45 C, BRKHK
HFEHN 50~60 Co ERRHX A LI R, 7SR
TR HEAR AR M RL ) B B A N AR AVE SORBH AR ROK R Gt
KRBT ik B, X E T M KR #42] 50 C kK
M 2 AN RGP
2.2.3 MEEARHK
AR EAN R T, & AEEY A 46 #4E XOKBH
RE AR T TR AR M RIS B R I AR R ok, @it
PG R E AL R R IR ZE R A, RERGMZE KM
B, RABAMERERTT. REMREAREOVILNE
5 R4 kesh 2 P
cop— Px _ CP (o =t) (2)
P P
K COP ARGHERERE: D, NI BEAS K MTF A
=, W,
2.2.4 AREE
Bt 22 URRISTT 22 S, A2 538 22 VT M E AR50

Q)

SPIOTAR, O RB T B B R, R R R A R —
PH A BB -

s= |1 S(x —xY) (3)
v z%)

i=1

X N ATERE: XS REE; X EZnlET

BIMH

2.3 REDH
KFERFERPCRATH AR (D) WHHESR], Hfp.

cu~ A TRUNHERE. W

Mﬁ/(ﬂ_)z sBly B Al )
n tho — thi 1 h P
Ay WA AR AR 0%,
Cs AL ABEI BIERRIAAT T, Win's Agw 59
BRI RAARE, mYs: AP SN R4t
W, W

R COP ATHAR () HHAT, J . e, TTHL
S

ACOP<J 2At

f+ﬁ“f+d%y (5)

tho — thi dn

coP

AR 1 SRR BT SR %, THE A1
Atl(ths—14)=0.75%, AIII<2%, Aqu/quw<1%, AP/P<0.5%,
BHES RN LR (4) o (5) FEFERGER
B n. COP WIRZE 737 2.7% 1.9%.

3 HREN

3.1 BFEPXRILAT ARG ERME

WEEUR R X AR R TR, P340 A B 88 S i 2
BB PRI YA SR FE AT 3 LR, 0 Bl 78 E R AR
FEHREAH A PARL ) R G AEICR AT IR . 15 B RIS 4 4
B el 4 Fos.

W 4a PR RES N R TR ER M RIS , PREEIR
BN 7.6 °C, PR FHAR ST 5EE N 334 W/im®, KPHAE
SRR 224 25.90 W/m?, LI RGP EERBE 4
N 0.55, ERFCRIIARAEMRZE N 0.13.

W 4b AR IGER PN FEREAHARADRINS, FREEIR
IR 7.5 °C, SFIIRBISR ST SEE N 333 Wim®, KPHAR S
HIbREm 22 25.63 W/m?, LI REGETFEIERE 4 N
0.74, ERBCEMIFRAER 2R 0.05,

HE 4 1AL, LR RER R REATME, R
QB TRRE G, REMBINERE ¢ Y5 KPHEE S
SR P ()R R R e B K BH 4 S TR 3 B 980y, BEK
PHAR ST AR T k. R 4 Fh 7 R R e HEAH AR A4
B RGBT AR L T LR, TEAHIE A5 %
FR, REAEMNARFGLERLERR R TR RE
KRG, AR T 61.5%, H e R4 AL
RRFARTHENZRYG, w2 34.5%.
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b. RGN FSREAE AR
b. System filled with PCMs

e a ERRIRIEY 2017-11-19, “FRIFREGEEEE 7.6 C: b BRI
2018-12-17, “PEIABLIREZ 7.5C.

Note: Test time is 2017-11-19 in Fig.a, and the average ambient temperature is
7.6 C; Test time is 2018-12-17 in Fig.b, and the average ambient temperature is
7.5C.

B4 AFORIAUTHEERRERMHE
Fig.4 Variations of instantaneous heat collecting efficiency of
system under winter daytime conditions

3.2 ZFHXIRTRFEFEHEARME

PEE R HUHLIX 2017 SEA1 2018 4FE 11 HERE3 HHA
RILH T IRAEMFIE R LR, $ 556 0 [/ BN
NP REFR ST DR BE 1. PRBRIR RS ¢, BRI SR RS BT 3ME,
73 B AR T R BRAR S 5 FE IR BEIR FE N, 7u VR oK 70 EAH
ARG RGO BERCR IR 2 fioR. SERERH
B PR B K PEAR S AR e i 2k a1 5 o .

&2 ATA, ZFEARTHT, RAEHBME,
FA G 1T 35 £ T a5 e T A K BH 2 S0 0 B B 0 8 1 B AR Tf
B FREAEE NG, RGN HEHRMCREEE KM
SRR SRR W PR . X GRRUON A E A AR B
PAEH, RS EIRZ G, B 2 miiEfE A E
RO R, K PHER S ARG IR G, BEUNAERRZ
FH, EMSRIRE. KBRS SRE . KBRS 58 FE 3
LIEMAT T, AR R GG
Y ST RAEMTM R RS, FRE T 25.5%.

MBS AL, AR RE) SRS i I E Y
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R o 33X A2 TR K P 48 S G R IRk, 70 YR A 1 4 2
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Table 2 Comparison of average collecting efficiency of system

filled or not filled with phase change materials
K7 Not filled with PCMs 7t Filled with PCMs

AT s gy PR e
e R # So: R LiES

otar Aambient  Average o'ar Aambient  Average
radiation h radiation :

. . temperature  collecting . . temperature  collecting

intensity // t/C efficiency  ensity g t/°C efficienc

(w.m-Z) a Yy (w.m-Z) o y
460 18 0.62 462 17 0.66
424 16 0.61 433 17 0.67
413 16 0.61 425 16 0.66
396 15 0.60 419 15 0.68
352 13 0.60 350 10 0.73
296 11 0.58 283 10 0.77
258 10 0.55 261 8 0.83
232 7 0.54 228 8 0.87

40

—=— A 7C# Filled without PCMs
35F —— 73 Filled with PCMs

25¢

20F

SRR R
Heat output from collector/W

1800 2;0 3(I)0 3;0 4(.)0 4%0 S(I)O
PR
Solar radiation intensity/(W-m2)
BS5 AFIATRAZEEAZTHR
Fig.5 Variations of heat output from solar collector in winter

3.3 EZZFWE LR T RGBT R LA M0 AT (8]
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Kl 6a T RIS R 78 HEAH AR R, e i PRI
BEEFYIN T C, RGCFIMEREREUN 1.50. HIE] 6a 7]
A, IR M 16:30 FHUG R 3, B 18:30 KW F 2 37.2 C,
3] 20:30 /K¥E ETHE] 45.2 °C, 21:40 /KiE FFHE] 49.2 C,
Z JatR¥Ffa e /MEE F, SmKiEE 50.1 Co KR
27.4 CHn#E] 50.1 'C, FERF 380 min.

WK 6b FIRERSFAREAWEEN, HRIRER
45°C, RGN RECN 3.05. HE 6b nkn, #hIE
M 16:30 FFEE S, F) 18:00 KIEENAFHZE 452 °C, #|
20:30 7K EFHR] 54.2 °C, Z JaRFFFRE . KRN 24.8 C
fn#E] 55.0 °C, FERF 290 min.

HE 6 X%, AZEEA TR T, FREMHBME
J5 24 COP LR MM B RE A H B, =
HE 1 fE, HFRREAE & AN R G RETE T A R A )
HEHGKIR 50 'C, IFAOKES R 4%E T 23.7%.
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Note: Test time is 2018-01-14 in Fig.a, and the average ambient temperature is
7 °C; Test time is 2019-01-06 in Fig.b, and the average ambient temperature is
45°C.
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Fig.6 Variations of thermal performance of system under winter
night conditions
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Effect of energy storage materials on performance of solar heat pump
system with inserted heat pipe in winter

Wu Wei, Xia Man, Yin Zhengyu, Gao Xu'na, Huang Jinyan, Qin Zhixuan
(Engineering Laboratory for Energy System Process Conversion and Emission Control Technology of Jiangsu Province, School of

Energy and Mechanical Engineering, Nanjing Normal University, Nanjing 210042, China)

Abstract: In order to make full use of solar energy and improve the energy efficiency of solar heat pump system, an energy
storage solar heat pump water heating system with inserted oscillating heat pipe is proposed, which integrates solar collector,
energy storage tank and oscillating heat pipe together reasonably and effectively. The system can store solar energy with the
phase change materials (PCM) filled in the collector, transfer heat efficiently by oscillating heat pipe and switch operation
mode according to solar radiation, and can realize the maximum utilization of solar energy in different seasons. In summer,
enough heat is transferred or stored during the day to release at night by PCM in solar collector, which is directly used to heat
the circulating water through the oscillating heat pipe heat exchanger. In winter, the heat transferred or stored during the day to
release at night by PCM in solar collector is low, and the heat is transferred to the heat pump evaporator by the oscillating heat
pipe heat exchanger to improve the evaporation temperature of the heat pump, and thus the overall performance of the system
is improved. A test rig has also been established for the performance measurement of energy storage solar heat pump water
heating system with inserted oscillating heat pipe. Paraffin is chose as phase change material of the system under the
consideration of capacity, phase change temperature and latent heat of phase change. Experimental study has been carried out
for two years under winter conditions in Nanjing, one year for the test rig without PCMs and another year with PCMs. Under
similar environmental conditions (solar radiation intensity, fluctuation and ambient temperature), the variations of the
instantaneous collecting efficiency, average collecting efficiency, COP (coefficient of performance) and water temperature of
the system filling or not filling PCM with the fluctuation of solar radiation are compared and studied. The comparison and
experimental results show that in winter daytime under similar solar radiation intensity, fluctuation and ambient temperature,
the instantaneous collecting efficiency fluctuation with PCM is 61.5% less than that of the system without PCM, which can
overcome the instantaneous influence of the fluctuation of solar radiation intensity on the system. Meanwhile the average
collecting efficiency with PCM is 25.5% higher than that of the system without PCM. At winter night, under similar operation
conditions, COP of the system filled with PCM is over 3.0, which is nearly twice as high as that of the system without PCM,
and make water temperature reach 50 ‘C in a shorter time, shortening the time by more than 20%. The results can provide
theoretical basis for the popularization and application of solar energy heat pump system.

Keywords: solar energy; heat pump; efficiency



