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Fig. 1 Diagram of solar energy-gas complementary heating system
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Table 1  Timetable of hot water supplying
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07:00 5 15:00 15

08:00 5 16:00 15

11:00 5 17:00 25

13:00 5 18:00 25
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Fig. 3  Operating data under the cloudy day condition
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Fig. 4 Operating data under the sunny day condition
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Table 2 Thermal efficiency of boiler for space heating

Fisf ] RS, 1] [l .
AW R /ﬂ%r;oc ?EJEJ/((’C B
30 11.0 46.2 29.1 91.7
30 10.7 45.8 29.6 88.8
30 10.8 46.5 29.8 90.8
30 10.8 46.6 29.8 91.0
30 10.6 46.3 29.6 91.7
30 11.1 46.1 294 87.6
30 114 46.1 29.2 86.7
30 114 46.2 29.0 88.0

3.2.3 SRR TR BOKEOR I 2
A UK A 10 Limin, ITHGR TH A 30 °C,
BEFE R AR it ORI 25 L 3k 3 iR . W
S F W AR AT AT BE HE A HROKOE Y IR R
87.7%.
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Table 3 Thermal efficiency of boiler for hot water

R KAPOK  BEEEREA 2R AR

FEIR/L REE/C JKIREEIC C %
413 18.2 48.5 303 86.3
429 17.8 48.8 31,0 85.0
40.6 18.1 48.7 306 887
41.1 17.9 48.2 303 86.7
40.8 17.6 48.7 311 89.7
412 17.7 485 308 879
40.9 17.9 48.9 31,0 89.1
415 17.6 48.8 312 884
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Table 4 Results COP of different experimental conditions
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BRI 58.52 212.20 270.72 232.00 10.65 1.131

4 ZEWRFRIREDSH

41 [EENEIREERFEE

AR S5 72 G0 F) B 42200 4k 1 5 1, A5 S AR A
EERALR BRRRE L R 2 AR A= TR HROK 3k
R SR ARG TRLBE | I et R K B o TR 46
PEAT B A, 1 R B PR RO R B H R SR
RCHE bR o R T 32 00 k11 158 25 £ 3o SR, 75 R
BoRZ IR AN,

Wo— MR RN Z=Fxag.n,)
x(i=1,2,-,n) ML EAE, Ax(=1,2,---,n) AT
7 A 4 X R 2, W eRAL Z AR iR 25
KN

AZ=F N 4 O Ny o OF A ()
ox, 0x, ox,

WU pR K Z BOAHXS TR ZEA -

AZ _1[oF I ol
a _Z(axle‘Jraszszr +8xM) (6)

42 KEHIRAIRZESH

DA A AR PR B R 22 3 M R ], S A AR 5
5 ARG R I R 22
S SR SUE SV &R
36000,
A (=)L T
- 3600p,¢,Vi(t., — 1) % 100%
Ac(l “’h)IeT
AR A8 1R 2 4 138 IR R R AR AR R AR i 4
XHRIEN :

x 100%
(7)

3600p,c,V, ( At,,—At, t,,~t,
A — 1~ 1 out in _ “out in AI 8
A=, I; j A
NI EE LR BRI g RAHXTR 228
‘ An, ’ _ AV Az, . Al (9)
UN Lo — iy Lo — i [9

1) AEPRESA: [F] 7K L ] 5 2%
A HL BELRS B A +0.1% , 3l B R A 100 °C, Hojil i

2 N£(0.1%x100)= +0.1°C, BRI T, ML
Mt BIKCEAE2E R 9.6 <CL N
At | | A,

[ bt~ L
2) A 9P R 1R 2
SRR R HUE N£10.119 pV/(W-m™) TR

0~2000 W/m?, 3 Hr 7227 oK PR B oy 535 W/m?,

T R A 3.993 mV, .

Al _10.0010119
I, 3.993

35345 45 A28 - OCR B e KA X IR 22 4
2.1% ,/NT 5%,

5 & i

1) ZEAR M DX SR 45, R BHAB RS H AR
PR G AE AR T B Re gl +5 = P9l B e nT 42
SZ OB N, HRE AR LA IR 0 A TR HOK T 2
P AT R, REcest i s  7E R TOLF &
4t COP ik 0.756,

2) FEAFME K THT, MK HAE H 8 510
46.18 MJ/m’ i , K IHAE I HI30%E K 59.0% , R4
F AR FHEERIESR AT N 0.24, RSG5 COP H 113,

3) MR G L BRIB AT TR REHE I R R AR
K 89.5% , HE TG ORIV FE Ny 87.7% , /N T4 IR K]
FHRUEN ) B8R, BT 4 S PRI 1T R0R S bR e
WRRCRATAE 220, AR R Ge v i3 Y g 1 v

4) S S 0 R A I R R 22 4 M T A
P00 B AHRTR 220 2.1% iR 2285/, Fe % 5L 0
RGN A T 5

(5% 30k ]

(1] BR&ks. KREARE-A S DML R S AL i iy i 0t
FEID]. K KEK2E, 2015.

[1]  Chen Zhiwei. Research on optimization design method

_lo.d|.
_‘9_6 1.04%  (10)

x100%=0.02%  (11)

for solar energy-gas complementary heating system [D].



2266 K 6 ¥ 39%

Tianjin: Tianjin University, 2015. G R T[] KIHBE2:H, 2015, 36(10) :

(2] GB/T4271—2007, KFHAEEIAGHPERESI STk (S ]. 2402—2410.

[2]  GB/T 4271—2007, Test methods for the thermal [7] Ding Yong, Liu Yao. Analysis of key factors at air-
performance of solar collectors[S]. source heat pump assisted solar hot water system in

[3]  GB/T 4271—2000, “F-H 1 K FH BE 4 #eas Ptk BE iR 6 Chongqing area [J]. Acta Energiae Solaris Sinica,
kLS ). 2015, 36(10) : 2402—2410

[3] GB/T 4271—2000, Test methods for the thermal [8]  wWiZfh, &50kE, A OCA, % KIREE M SRS
performance of flat plate solar collectors[ S ]. SIEMEE SRS T]. KRG,

(4] GB/T 25034—2010, JR“TRBEHUKGI[S]. 2012, 33(9): 1529—1525.

[4]  GB/T 25034—2010, Gas- fired heating and hot water [8] Han Zongwei, Li Xianting, Shi Wenxing, et al. Optimal
combi-boilers[S]. design of low temperature air source heat pump system

[5] BS EN 12975—1: 2006, Thermal solar systems and combined with thermal storage of solar energy [J]. Acta
components—solar collectors: part 2: Test method[ S ]. Energiae Solaris Sinica, 2012, 33(9): 1529—1525.

(6]  GB/T25967—2010, i BhAEI A HIR FHAEIAVK £ (9] SKEHI, Torsk, W EM KRR ML A RY
GIAEREIRE LS. B RARZEM LT ] ATREEOR, 2006, 24:316—320.

[6] GB/T 25967—2010, Test methods for the thermal [9] Zhang Ximing, Yu Ligiang, Kuang Yuhui.
performance of domestic solar-plus-supplementary water Measurement error analysis of solar assisted heat pump
heating systems[ S ]. system[J]. Energy Conservation Technology, 2006,

(71 T B, X 3 wERBKCRFIRER & = VK R 24: 316—320.

EXPERIMENTAL RESEARCH OF SOLAR ENERGY-GAS
COMPLEMENTARY HEATING SYSTEM

Yang Lin', Zhang Huan', You Shijun', Chen Zhiwei', Wang Qi*, Gao Wenxue’

(1. School of Environmental Science and Engineering , Tianjin University, Tianjin 300350, China;
2. North China Municipal Engineering Design & Research Institute , Tianjin 300074, China)

Abstract: A new solar energy-gas complementary heating system is presented. In order to study the performance of the
system, the test method and several performance indexes are put forward. Aiming at this test method, the test platform of
system is set up, the tests under different operation conditions are carried out and the measurement error of the thermal
efficiency of the solar collector is analyzed. The experimental results show that the system can meet the heat requirements
of users, and COP is 0.756 under the cloudy condition. The thermal efficiency of collector is 59% and COP can reach
1.13 under the sunny conditions with a total radiation of 46.18 MJ/m®. The measurement error analysis shows that the
maximum relative error of the system test data is 2.1% and the error is smaller. The results indicate that the test data of
system are accurate and reliable.

Keywords: solar energy gas complementary heating system; test method; performance index; error analysis



