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Abstract: A solar collector with energy storage and oscillating heat pipe is designed and applied to solar heat pump
system. All-weather use can be realized and energy efficiency can be increased.The software Gambit is used to build 3d
model of solar collector with energy storage and oscillating heat pipe. Numerical simulation of the phase change materials
in solar collector is calculated by the software FLUENT. Influences of different structural parameters, phase change
materials, solar radiation intensity and boundary conditions on the temperature field and liquefied ratio are obtained.
According to the simulation results, the space between Oscillating heat pipes is 17 mm. Metal reflection plate is after
vacuum tube. Composite phase change material is adopted in the heat collecting plate. In summer, hot water is directly
heated by high temperature phase change material ,and low temperature phase change material is used to supply heat for
heat pump evaporator in winter,so the whole performance of the system is improved.
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Fig. 1 Schematic diagram of system
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Table 1 Property parameters of the energy storage materials
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Fig. 2 Temperature diagram of phase change material at different moments when oscillating heat pipe spacing was different
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Fig.4 Weighted average temperature curve and liquefaction rate curve when filling different phase change materials
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Fig. 5 Temperature diagram of phase change materials at different time under different solar radiation intensity
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g.6 Temperature diagram of phase change materials at different time under different heat transfer conditions
I RAYS ;I%QI%ETT—XT{}IL?@%HT Fr g R R AR R
D=AhAt=Ah(t,-t,). (2)
Ao, b BRI EL, A SR I IRIR o, F1 e, 43 R LS A8 R R A N A TR
A AN AR ET I A 15 °C |, RMEREAEECN 10 W/ (m*-K) |, SLE0 IS B 2s 45 AR R B 5 R IR
JEZME. A LA 1 CHFa, W BRAR L2 A8 9 [T TH X 4 b S A A 25y 1.46W.
TN SRAE L2 5 BB SR AR AR, WS AR 25 48 B ) AR SR

T, \* T, \*

i) )

E -E, _ {100 100
1-¢, 1 l-¢, l-¢g 1 l-&,

e AKX, A, e A AKX, A,
K, @, RBRT A R IERGS £, B E, 70 28RS I Bz S 1, C, e RARAR a5,

(3)




P UM R A2 2R (TR R ) 5517 B5 1 1(2017 4F)

5.67 W/(m’-K*). T, BRI, M 296K, T, & B2 4 R MR, I 288.2 K. X, Jedithons B B M &
KON 0.9, &, Fil e, 53 BHRHRA IR 0,31 FIELA RO IR 0,061 A4, A1 A, 4B A R E AL
0.16 m* FIHLEZS XTI AR AR 0.146 m*.

AT A AR M 5 s A T ) T 4 S B O 1,82 W, KT L s 4 7 97 T o 3 0 i 2, e st R Ay
HLS B BT 4 A

] 48 A ISR ARASFEL, 7E 800 W/m? f B4R SR BE T, A8 1T Ay 2 P AHAZ A4 420
WRALTTZE 2 B 5 43 T EL 28 450 B O X I e S PF T, Y AN IR RLEE O 15 °C, X i e B R ECh
10 W/ (m?* - K) B AHASBORNR AL 2 2 B 25 43, Lo 023 881 B 180 hy 24 VR JIr o6 B (B B8 22, DR e 70 5 e
YR VA R BH RB S AR AR I 1 25 RE A R B RE AR UK RGBT, o 17 980/ AH A8 4 RH I A T 5 B 1] it 2 4
PRVERE 76 L2548 5 1 U 4 B AR

5 4hik

TE 7 RERUR 5 TR K BH BB SR A I N RRIR Y AL A IT N, A Fluent BRPF X RHAE 4R 35 B 7 0
Frah AL, 1 BN R 2 RE B IR v FAAE R BH BEAR AR 4 M S A0 AR AR RS AR R BHAR S 5 2 A1 S H6
IR AR R 5 A ARAERYRE M. I AR 45 18 X 2 A LR 15 FAAE R B RE A FA M 25 AE B K BH B #4
RHOKZ G T A~ LAt

(1) R ARG PE TR R/ NS 2, SR IR AR BORRB AL S DR B SR FETE 28 R A9 A AR A N AL
TR (HUR T R B S IR AT TR T, SR A E A D AR A S REA R, A LS A T BT R AR R, G
REZU IR 12 PV K BH BE SR TAAR AU TR RE.

(2) E%325d 2.5 h KFHRSHE , SR VE NATASIR L Rk 85 °C, 4 F225d 6 h K BHAR AT, SR VE N
MR OUAE] 49 °C. T, R AT il AR R PR BRI IAARIK , 2 20 R A S A 20 TR 78
e B T4 i 2R G S AP RE.

[ &% 3k | (References)

(1] ZALSE. Bifedi S vl AL REUREOR [ M. B AT AR R 27t At , 2005 :9.

LI C T. New energy and renewable energy technology[ M]. Nanjing:Southeast University Press,2005:9.(in Chinese)

[2] 2B EH, £ 55 B AUORMRESE AT S ot e [ )], BB 5HOR%4R,2012,32(10) :943-950.
LI J C,HOU X Y,WANG Z X, et al. Latest development of vacuum tube solar collectors[ J]. Chinese journal of vacuum
science and technology,2012,32(10) :943-950. (in Chinese)

[3] . SRR E AR RE S R PEREIR B IADTFE [ 1], KA~ 2001,22(2) :141-147.

WANG Z F. Study on measurement of thermal performance of all-glass evacuated tubular solar air heater[ J]. Acta energiae
solaris sinica,2001,22(2) :141-147.(in Chinese)

[4] XUE H S. Experimental investigation of a domestic solar water heater with solar collector coupled phase-change energy storage[J].
Renewable energy,2016,86.257-261.

(5] ZEwide, 2R3 P Y. S T s R 4 i K BHREGE AR 05 BLWFIE[ ) ] P UL TR 2412, 2012,32(5) 1 126-130.
LI M F,LI S P,FAN B, et al. Research on solar collector simulation based on genetic-BP algorithm[ J]. Proceedings of the
CSEE,2012,32(5) :126-130.(in Chinese)

(6] xEaihl, 25 E%E, 4. PWfURHRE R 2 RGP RE 00T [ 1], KBAfEA41E,2010,31(6) :703-708.

YUAN Y L,LI Y,DAI Y J et al. Analysis of thermal performance of evacuated tubular solar air collector with inserted tubes[ J].
Acta energiae solaris sinica,2010,31(6) :703-708.(in Chinese)

(7] 2ok, B, skt 45, R FHAE AL 38 B8 WU R R e 0 B AR BT TIESE[ 1] . KRBHAE A4 ,2012,33(5) :852-859.
LI Z Y,CHEN C,ZHANG Y,et al. Simulation optimization research on solar energy-phase change thermal storage-fresh air
heating system[ J ]. Acta energiae solaris sinica,2012,33(5) :852-859.(in Chinese)

[8] EIE,SUN H W. SxBiEH 2 B2 AR AU 3h 5 Hh i SBR[ 1], K BHAES = ,2001,22(1) :35-39.
WANG Z F,SUN H W. A numerical simulation on heat transfer and fluid flow in a glass tube of all-glass evacuated tubular
solar air heater[ J |. Acta energiae solaris sinica,2001,22(1) :35-39.(in Chinese)



e LR , 5« 5 AR A R v AV K P B AR AR PR REAT 5T

[9]

[10]

[11]

[12]

[13]

[14]

KIM H,HAM J,PARK C,et al. Theoretical investigation of the efficiency of a U-tube solar collector using various nanofluids[ J].
Energy,2016,94(3) :497-507.

HeitE A JEE TR IR R S 2402 S A ERE DRSS (1), AT FEA: B, 201331 (12) 117-20,

CUI H T,ZHOU H T,JIANG J Z. Numerical simulation on heat storing performances of phase-change thermal storage for solar
energy| J ]. Renewable energy resources,2013,31(12) :17-20.(in Chinese)

JE V. R FHAEMERE R GT P AL 38 PG IR RERIT ST D] A1 O AR R 27,2014,

ZHOU H T. Study on thermal performance of phase change heat sequitor in solar heating system[ D ]. Shijiazhuang; Hebei
University of Science and Technology,2014.(in Chinese)

SHARMA A,TYAGI V V,CHEN C R,et al. Review on thermal energy storage with phase change materials and applications[ J].
Renewable and sustainable energy reviews,2009,13(2) ;318-345.

Priiteh. e[ M. JEst. w280 i, 1998.

YANG S M. Heat transfer[ M]. Beijing: Higher Education Press,1998.(in Chinese)

TR — R IHRER BB/ 28 K/ AR BOWTFE[ D], B AT 9 UM R 27,2014,

WANG L L. Research on a solar energy storage/ evaporator/ collector[ D]. Nanjing:Nanjing Normal University,2014.(in Chinese)

[THERSF: TR K]



