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Preliminary Study of Storage Type Solar Heat Pump Water Heater
Integrated With Buildings

Wang Linglong, Wu Wei, Zhao Shilin,Wu Yuxiang, Ni Zhouke
(School of Energy and Mechanical Engineering, Nanjing Normal University , Nanjing 210042, China)

Abstract: A novel storage type solar heat pump water heater integrated with buildings is presented against the fact that
ordinary solar water heater cannot work normally during the nights and consecutive rainy days. Based on oscillating heat
pipe as a heat transfer medium, it transfers instantaneous solar energy or the energy stored by PCM in the collectors to the
evaporator of heat pump system. Moreover, the system uses heat pump to heat water and provide domestic hot water. Then
a suitable PCM is chosen and PCM’s storage characteristics are analyzed. The energy efficiency calculation of the storage
type solar heat pump water heater integrated with buildings is carried out. The results show that the type solar heat pump
water heater integrated with buildings is superior to a variety of water heaters on the market in energy efficiency and
reducing emissions of pollutants. The proposal of integration with buildings will save space,reduce energy consumption
and pollutant emissions under the conditions of intensive buildings and low share of unit residential solar radiation. It has
a very broad application prospect.
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Fig.1 Diagram of storage type solar heat pump Fig.2 Lateral view of storage type solar heat pump
water heater integrated with wall water heater integrated with wall
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Fig.3 Principal diagram of the system pipes of solar collector
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Table 1 Parameters of four phase change materials

. k) (kg-K) %“Jﬁ‘/(kg-m_ﬂ ‘ B
R AHAR IR B/ C — — HAEEBY (J-g7") Wiy ot/ /kg
[ 2% WA FGE WA
241 32 1.95 1.72 1 004 878 152 47
AR 44 1.76 2.27 883 883.2 177 72
A8% 48 3 912 769 234 38
54% 7 il 54 3 912 769 280 38

3.2 ZEAARRABEEMRERSZNERITE

TASHEE L]

OMRHE EFR (GB/T50331—2002) #i5E , SF- 3494 N\ R ZTEAE 50 °C ~60 CHuK 40 ~50 L, Lk =0
ZF R, WHOK S R G RFFHIESS CHkim HIFUK 140 L;

QULARE 5 R, BURAE R Ge v Bk i KR 15 °C

QI RGN HIE TN R134a;

WMWK KA B R 10 C, R EEas TR B 3 °C, #0IE R G0 0 BE e I A% PR 25
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Fig.5 Circulation diagram of storage type
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Table 2 Cost comparison of four phase change materials

AHAS B H AR R i kg FRASFERL 2% H /T8 HFeRL i/ (kw-h) 4 COP
iR (CA) 126.00 5922.00 1.52 4.27
HH:®R(LA) 116.43 8 382.92 1.07 6.05

487 ik 88.51 3363.36 1.04 6.24

S4% 17 75.30 3360.77 0.94 6.93
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Table 3 Equipments and testing devices

W24 Fikg K- #i
K BHREAE A T18/®58 L PR L ZS SR PG
K BH e %R SR AT WE300 DRTEE 0 ~2 000 W/m? SEiETEF 0.3 ~3 wm A £2% , FREAEE 96 h+30 s
KIARERRSTICRIL  GL500-2-1Data Logger  JIEYEH : -40 °C ~85 C
P {3 K 7 T FE =200 °C ~1 300 °C K E=0.75%t
iR Agilent 34970A 20 ~ 120 AN5HIH 6. 5 (743 BESR 0. 004 % A P13 HL RS B, 420405 7% 250 3 3/
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Fig.6 Distribution of measuring points of Fig.7 Various curves of paraffin storage characteristics
solar collector tubes with solar radiation
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HAR 4R (GB/T50331—2002) B, 4448 A AR KLU FE SO C ~60 CHUK 40 ~50 L, BA 1 =
2R, WK 2R RGBT IR SS C /K 140 L, BFRBERIE F kT B0 N 15 °C 00 il —
R FHHK T #dik A (1) 775 23 408 k).

VIR 5 b X 2 R 5] TR AN [R) R HOK S8 #EHL x4 BERHOE
i &EE %% , ﬁ%{ﬁ m\*% I, %% 4. Table 4 Energy prices

(1) BT b i it N

BT 15,9 MJ/m’ , — B S i3 2t 44 WA 15.9 My/m? 2.4 70/m’ 0.15 J5/MJ

’ AN RS 35.6 MI/m’ 2.2 55/m? 0.06 55/MJ
IKESRR N 80% , M| ﬁ%j‘ﬁﬁﬁ# =1.84 WA 95.0 M)/m’ 12 56/m? 0.13 Jo/MJ
0.8x15 900 RAHH 3.6 M)/ (kW-h) 0.52 55/(kW-h)  0.14 J5/MJ

m’ 3G CO, HER R 1. 39 kg, T AL R84
2.4 T5/m’ LLE TR N 4. 42 TC. 3 A W:S'g:S.S KW +h.

(2) R

FIRFPEECH 35. 6 MI/m’ , BRAHIK 25 I 80K 58 7 BN 80% ﬂ']f?ﬁ%‘?ﬁﬁﬁm=
0.82 m’, ¥r4 CO, HEER 1. 55 kg B KRS #E N 2.2 J0/m’ RS PUK 8L Z iz 173 T2
% 1.8 6 At W=01'582=3.46 KW +h.

(3) WAL A WA

LTI CAETIR 950 MI/md3  HEAL“CHO ARy 80% | MEAEWAL U M5~ =0.31 i,

g ; - N — N . — — 3.72

P4 CO, HEjif i 0. 83 kg AL BIMAE R 12 J0/m3, LU T2 -~ 3.72 o0, & i W=ﬁ=6- 64
kW -h.

(4) UK

AR EAR, KR BOR B ITRECR AR IR T 85% , B HUKARHCE g 90% , Bt 0. 52 J6/kW - h, U]

A BB A g5 m. 20 KW b, 145 CO, L 4. 98 kg SEFTRTLI 0 3.75 2.

(5) KPHREHOKER

5 B AR [ b X 4 A PR SR O, T R A 4 2 PR S L X« A 4EAR ST Bl 4 190 ~5 016 M)/m”,
SAF H BRIECH 1400 ~2 200 h. A ZAHXE T2 4F 1 4R S St AT H RE IS Z500 1% TF- X85, i LA 43 0 BUAR O
74 500 MJ/m”, H FEET%L 1 600 h, 455102 P=4 500 MJ/1 600 h=0.78 kW/m’. 14 7557350 i %k
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0. 34, F-H#h 2 0.9 W/ (m*+°C) ,140 L KPHAEHUK SREL A4S 14 ARMEE Y 2.3 m’
fEHIR P, =0.9%x107%x(55-15)=0.036 kW/m",
B S PRIR R T % P=0.78x0. 34-0.036=0.229 2 kW/m’,

Hh /5 == 5 A ESFI Q —
Jn# 140 L 7J(,‘5?3€FHE:$EHETHTIETJS 600x0.229 2x2._3 12.33 h.

A BRI H BB ] — M 298 6 h, 25 453K B T I B o8 5L e Bl Bl g K Br 250 H AE R HL
(12.33-6) x0.229 2x2.3=3.34 kW-h, 374 CO, HEji it 2. 305 ke. i54724 2K 1.74 L.

(6) g Hok i
TEFH R134a ARV, 28 AR EE 10 °C ¥R BERE 55 C iV ik 3 °C, i #EETE 12 °C 38R %008 0,
B0, 8 HLIGHCK m,, H0.9 LA COP=3.93. FrkE 4 =2.30 kW-h, $74 €O, HE

0.8x0.9x3.93x3 600
JiCE: 1.587 kg, iz 1732504 1.20 JL.
(7) FRERL K BHBE IR PUk 4%
BeH] R134a V4TIV, JRis PV 78 A Be S AR M RHI A PRI 22 0 S °C, JR 3 A Ve B B 5 AR 8
K vl e Gl 2200 10 °C v B ML PR 2200 10 °CL i v BEHC 3 °C i FAEEHR 10 °C L H5 /R 30K 0, B
0. 8, MR 0, 0. 9. J5%F 4 MARAERORLAEA T ST, 45 2R LR S.
£5 AREEXBHAKFBEBREFBRMBITEABRL

Table 5 Daily electric consumption and operating costs of different types of water heaters

CO, fF  HXAERE  MIbKEE BRI BIOKIUH

T H FERE/MI R/ %

i kg /M] fit/kJ /76 /1072 5¢
RS 23.408 80 1.39 29.26 209. 00 4.42 3.16
FIRE, 23.408 80 1.55 29.26 209. 00 1.80 1.29
WAk A M 23.408 80 0.83 29.26 209. 00 3.72 2.66
LUK A% 23.408 90 4.98 26.00 185.71 3.75 2.68
IR B fig A e B 23.408 90 2.31 26.00 185.71 1.74 1.24
HEEHOKAR 23.408 393 1.59 5.56 39.71 1.20 0.86
24 (CA) 23.408 427 1.05 5.48 39.18 0.79 0.57
HReHIRPHRERY Ax A HER(LA) 23.408 605 0.74 3.87 27.62 0.56 0.40
IR PUKER M 48447 I 23.408 624 0.72 3.75 26.80 0.54 0.39
544 I 23.408 693 0.65 3.38 24. 12 0.49 0.35

MBS AT LI R e, R AOK ARG CO, HlBUE e i 5 3 R K BH BB 4iR 7 AVIE FAR
HOKAFERES D, PR A e 1 RE, AT CO, Yk todw /).

HRARZBEIIHTEEAL, SEIR 54777 WA A AHAE PR 25 RERLA B AE IR % AV AR AOK 5 43 01 LSkl 8¢
KRR A A LR K AR R BH BB B UK A IR UK 2351 5 6E 88. 46% (88.46% (88.46% |
87.01% 87. 01% .39. 26% ; #1 ) CO, HE il £k i 2> 3R 43 5]y 55. 43% . 58. 24% ,22. 02% .87. 00% |
71.98% .59.29% .

6 Hiigs

RGLER G R P RE SR A AR TR AR RPIH (54747 08 ) it A PR, 91k 30 PR 30 AU AP SRy AR AR T A
TR, P v RGEITERE , W HRLRE IR, kAR5 g, SCBL 1 REIEUR ARG rT Rt A . 15 BLA 10 4% 28 4
IKEAR L, % RGN 291847 98 B9 Rl ol b 13 %2 <A CO, iR

TR 2200 TAE T, FoA PR E— 2D WF 5 2 BE ALK FH RE IR 5 AVE A AR O AL AL e 5 S SR W7 R e 7
ARG AR T B TARPERE, LU AE 2R G045 B A A8 JUT IR Vi 9 S TE A LS. (RIS
TS A R SRR RS S AR S ROA LB — AL, TR H AT .
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