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Perfomm ance Analysis on a Novel Solar Storage Heat Pum pW ater H eater
Integrated W ith Collector/Storage/Evaporation

WuWej LiuZhaolang Chen Lej Cheng Qing Zhao Liang

(School of Power Engneering NanjingN omalUniversity Nanjing 210042 China)

Abstract A novel sohr heat pum p w ater heater ntegrated with colkctor storage and evaporaton is presented and this
novel system can reduce heat exchanging bsses and m anufacturing cost By add ing phase changem aterials into the cok
lector/ storage/ evaporaior the solar energy is storied as latentheat of solid- Iiqud phasem aternls By m ak ng use of the
sohr eneigy as low- ten perature source to pwoduce hotwater the themal effciency of heat punp systan can be sinifr
cantly ncreased moreover the operating unstability of he heat pump systan caused by intewval sobr energy can be
drastically solved Though the mniial invesment is ncreased the systan is better than the existing water heaters n te
matket in tems ofw hether saving energy or saving costs Can pared with the exsting sohrenergy storage heat pump w &
ter heater the advantages of lover cost smplified systan and h gher relability wou ld bring this novel heat pun p w ater
heater to be widely app lied
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Fig.1 Schematic of the integrated solar—energy heat pump Fig.2 Diagram of solar collector / storage / evaporator
water heater structure
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3 SEANE REARPH AE R HUKA: RGREMETHA

(GB /T'50331—2002 ) 50C 80L,
3 , 50C 240 L',
15C,
Q = an At=240x4. 18 x (50— 15) = 35112 k] (1)
, , L
1
Table1 List of energy price
15.9M Jfm 3 0.95¥ m? 59.7x 1073 ¥ M ]
95.0M J/m 3 11.0¥ fn3 11.5x 10703¥ MJ
35.6M Jm? 3¥ /m3 84.2x 1073 ¥ MJ
3.6MJ/( KW=+ h) 0.52¥ /(KW* h) 14. 44x 1072 ¥ M J
31
15. 9M J/m’, 80% ', 0.95 ¥ /m’,
2.6
08x 15900 > 76m’, (2)
2.6
W= 55= SkWeh (3)
32
35 600 kJ/m’, 80%,
3 ¥ /m’, 3.69
0.8 x 35600 ~ 1.23m’ (4)
W:?):—gg: 7.10kW * h (5)
33
95. OM J/m’, 80%, 11 ¥ /m’,
5.08
0.8 x 95000 462 m’, (6)
Wz(s)_—ggz 9.77 KW * h (7)
34
, 8%, 90%, 0.52 ¥ /(kW* h),
WOW): 10.84kW+ h (8)
5. 64
35
, 4 : 4190 ~ 5 016
M J /m’, 1400 ~ 2200 h'™*. ,
4 500M J/m’, 1600 h
P = 4500M J/1 600h = 0.78 kW /m”. (9)
0. 34", 0.9W /(m’* C), 240L 24
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3.9m’
P, =0.9%x10" x (50— 15) = 0.031 5 kW /m’, (10)
P=0.78x0.34- 0.0315 = 0.2337 kW /m’, (11)
_ Q _
1= 3600x 0.2337x3.94) - 10-39h (12)
6 h >
(10.59- 6) x0.2337%x3.94= 4.23KkW * h (13)
2.20
36
R22 , 10C, 55C, 3C, 12°C, 1,
0.8 N, 0.9, cop= 3.93
Q _ .
0.9 (1+ 393 x3600- >20W+h (14)
1. 14
37 / /
( , ),
, 2
2
Tablk 2 Prinary natre of the acid
Ic /kge m~?3 /J g !
CoH 0, 172. 27 31 64 878. 2 155. 457
) , / /
- ; , / / -
) . 31. 64C,
24°C, 15C,
R22 , 55C, 24C, 3C, 12°C, I
0.8 n, 097", cop= 5. 81
Q
=1.59R - 15
0.9x (1+ 5.81) x3600 b, (15)
0.83
3
3
Table3 Comparbon of investn ent costs and operation costs of water heaters
M] Mo /1072 ¥, ! ¥
35. 112 80 1. 08 1500
80 1. 54 1500
80 212 1500
90 2.35 1800
90 0. 90 2000
393 0. 48 2300
A4C 581 0. 37 3000
: . L 3 4
2 2 / / 2 2
, 50C ,
24C ,



66.15% 76. 1% 81.08% 84.3%0

59. 26k 22.81%. 1 kWh 1.309x 10" ° ke 0. 403 kg
1.14%10 ° kg /A
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Fig.3 Energy cosumption comparison of water heaters Fig4 Operating costs comparison of water heaters
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