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Fig.3 Comparison of environmental conditions
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Table 1 Temperature of hot water in tank from start to end
H % AR /KL SRR
Date Start temperature/ C End temperature/‘C
12-03 55.8 282
12-25 54.4 26.8
12-30 54.9 27.3

71 7 [H] 7 11 min
Interval of 11 min
0F = = [a]Hi6 min
wk i Interval of 6 min
L N — [H]lHi75 min
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=
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Fig.5 Comparison of supply and return temperature difference in
different on-off modes

3.2.2 FZLGAREMARTIL

M 2 i3 HEBZIAIBCN, 3 d RSN eI &=
FEARAR . Bk, fthEEE, RERBRED, A
X (5 WHARGMMEWE 3, MK 6 min RS
P2 47.61 kW-h, LLIAIWT 5 min 245 4.7%[1#4
B, (Al 11 min ftERD . HARX (6) HHE A
5. 6+ 11 min REAPBKZENNN 41.16% 38.37%-
46.56%.

S EAT, R HABIE, 12 H3 H. 25 H. 30

HIKIZ S5 B0y 3k 30 21, 28 IR RFRKFRIEAT IR
(AR R, )T IS Bk, R IR S, R GEisTRE
i, AN (8) A TREAE MR 2. 12 3 Hit
FUFERGR Y 60.15 kWh, 12 J7 25 Hh 60.56 kW'h, 12
J130 H24 58.88 kW-ho i TFREEZAFAHLL, 3 d IEESHE
WM RN, R, KB RERUER S, K
REORIE TS5 Rk 2.
2 AEBEHERA TERFHEMEREXT
Table 2 Comparison of heating performance of system in
different heating modes

WA MR e ABIE
ket LEE
" AW Change of Bl TN S Her HRAEZR
H ) . Heat Energy
Water-flowing/ internal Heat loss/ . Solar
Date . . supply/ consumption/ .
intermittent energy/ (kW-h) (kW-h) (KW-h) fraction/
time/min (kW-h) o
12-03 8/5 77.28 45.47 31.81 0.48 75.59
12-25 8/11 77.09 41.19 35.89 0.33 68
12-30 8/6 77.23 47.61 29.63 0.45 80.86

Tk 3 d FHERE RS LT 4 12 H 25 HRFH REfR
IR AR, 12 H 30 HRFHEESRIERLL 12 H 3 HiE 24
5.27%, RGUSATREFELL 12 H 3 Hb 4 6.67%, RGH
WRE 12 A 3 Hb2) 2.79 %. K, B854,
T 7K R TR R A s AR AE () B s A A i) i B R B
B, RGP, MBEKAK, SSHHER
R RIS By 1A s TRIBTINHOR T, s M HOKBEE
SRR AR (], [RIKR R I R, A AR R (] A
BRGEMGRIEZ . Kk, A BRI T L3R = &R
G HGEIR
3.2.3  RLRIBATHM
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ATEER, R RECH 23d, 12 H 3 H. 25 H. 30 Hif
AR KL Zh 51 °C, 12 H4 H. 8 H. 29 HIYk it
B /K200 50 °C, 12 A 5 H. 9 H. 26 H At K
W0 48 °C o AR R IA S M BE = LA
PIRETEZ b, ) LA [l 1 WA X 11~ 34 (L A% K 1
ANFREI ZE 5. 3R 3 tHE A 12 ARl —1s T
FIFIIHERGER, TR 5. 6. 11 min FPEEHEHGER S
WA 56.57%. 61.08%. 59.80%, K, TEiALIAHLKIEE
GrMLIR 51, 50 Je 48 TR, ARBITHA MR
Gt ANH, [ 6 min IE 1T N KGRI GE R
%, RGEMIPERHCRE
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IR 28 AL 25 . (E 99 %K BE B AL 1 %I
HASMER T, SCHR[29] “e BUER” o (N 2.576, &K 4
M 2K o HHEI KT 2.576, BT ASANR 28 #



5 24 1)

RSP A KT WIS B E IR HARCR b 28 2 (kb 1E RE FFD 52 221

RS EHE . B 4 A R R 1) 015,
WAL R RGN IR O KR, BORAh
PR R N A
*3 FRBITEABKASITHR
Table 3 Long-term effect of different heating modes

: I e
WAL ROk .
e U T mwe e ik
H - e Average Change of Heat Heating
Water-flowing/ Start supply . . .
Date . . ambient internal  supply/ efficiency/
intermittent temperature/ o
. - o temperature/  energy/  (kW-h) %
time//min C .

C (kW-h)

12-03 8/5 51.2 -3.1 76.81 45.47 59.20
12-04 8/5 48.7 2.7 72.08 35.52 51.28
12-05 8/5 50.8 -0.4 73.17 38.34 52.40
12-06 8/5 47.4 3.6 63.29 32.03 50.60
12-07 8/5 56.8 1.1 80.02 50.48 63.09
12-11 8/5 56.2 2.8 81.75 51.84 63.41
12-12 8/5 56.2 3 85.9 52.59 61.22
12-13 8/5 41.8 2.4 72.85 37.42 51.36

) Mean 56.57
12-08 8/6 51.9 0.3 80.86 45.77 56.61
12-09 8/6 49.2 =33 65.66 40.96 62.38
12-10 8/6 46.3 0.6 67.52 39.39 58.34
12-14 8/6 553 -1.9 84.16 52.93 62.89
12-15 8/6 47.8 —4.4 70.57 39.73 56.30
12-16 8/6 56.1 =71 62.05 48.73 69.22
12-30 8/6 50.2 -2.3 76.99 47.61 61.84

F-3) Mean 61.08
12-18 8/11 46 -7.4 59.26 37.71 63.64
12-19 8/11 43.7 -8.3 53.2 35.05 65.88
12-20 8/11 42 -7.9 50.94 32.03 62.88
12-21 8/11 40.4 -8 51.43 32.12 62.45
12-25 8/11 50.4 -3.2 76.86 41.19 53.59
12-26 8/11 46.8 2.7 66.41 38.76 58.36
12-27 8/11 46.2 -3.8 67.32 38.06 56.54
12-29 8/11 48.7 -3.3 76.11 41.89 55.04

V34 Mean 59.80

*4 BRRSRFHABRIEXES
Table 4 Correlation analysis of various factors and heat supply of
the system

A PRI RDKHLE AR PRI
Supply Return  Circulating Ambient

e PRI R
> Ambient

Correlation temperature temperature flow rate temperature ::)::Si
PSS 4
Correlation 0.71 —0.59 0.29 0.77 —0.38
coefficient r
=gl S
. ﬂ.z MY 34.51 —28.96 14.05 37.25 —18.62
Significant level o
PAMAN gy gy @ B® eE
Significant test
4 % it
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Effect of time interval of water-supply on heating performance of solar
low temperature floor heating system

Li Jinping, Xu Aobo, Zhen Xiaofei, Huang Juanjuan, Wang Chunlong
(1. Western China Energy & Environment Research Center, Lanzhou University of Technology, Lanzhou 730050, China;
2. Key Laboratory of Complementary Energy System of Biomass and Solar Energy, Gansu Province, Lanzhou 730050, China;
3. China Northwestern Collaborative Innovation Center of Low-carbon Urbanization Technologies, Lanzhou 730050, China;

4. College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In rural area of China, due to low income, it has been popularly used for winter-heating with straws and coal. The
heating method is so backward that it is promising for heating with solar energy. Since the heat gain from sun is limited to
specific area, it is essential to improve the efficiency of solar energy utilization. Some researchers found that on-off modes of
circulating pump took obvious effects on heating performance of central heating. In this paper, three different kinds of on-off
modes were applied to the solar floor heating system in order to discover the influence of on-off modes. The experiment was
conducted during the winter in a single-storey building in Zhangma Village, Minqing county, Gansu province, China. The total
area of the building is 117 m?, the residential area of about 103 m”, whose actual heating areas is 64 m”. The heating system
consists of 6 sets of vacuum tube solar collectors. Each collector consists of 40 vacuum tubes in @58 mm x L 1 800 mm with a
400 L water tank. The heating period was 17:00-23:30 every day in Dec 2015. The system had the same water-flowing
duration of 8 min and three different intermittent durations, 5 min intermittent durations on Dec 3“1, 11 min on Dec 25th, and 6
min on Dec 30", Various parameters, such as the solar radiation intensity, the supply and return temperature of the system, the
tank temperature, the ambient temperature, the flow rate and the ambient wind speed, were all measured by various sensors in
the experiment. All measured parameters were acquisited and recorded automatically by the Agilent 34970A every 10 s. The
variation law of difference of supply and return temperature during the heating period was analyzed, the heat supply, heat loss
rates, energy consumptions, the solar fractions and average heating efficiency of the system all were calculated, the
correlations between various factors with the heat supply were analyzed. The experimental results reveal the following: With
the same water-flowing durations, the longer the discontinuous time, the greater the difference of supply and return
temperature. Compared with the time interval of 5 min, the solar fraction of the time interval of 6 min was increased by 5.27%,
heat loss rate of the system decreased by 2.79%, and the operating energy consumption decreased by 6.67%. The time interval
of 6 min had the highest average heating efficiency of the system in 3™ to 29" in Dec 2015. Various factors discussed were
significantly correlated with the heat supply. The supply temperature and the ambient temperature had greater impact on the
heat supply, but the flow rate and the ambient wind speed had less impact on it. According to the operation modes of the solar
floor heating system, the water-flowing time was longer than the displacing time of water stored in the pipes under the floor.
Not only the water supply displaced the hot water in the pipes completely every time, but also there was some high
temperature water flowing through the return pipe. In the further operation, the water-flowing time should be reduced, so that
the water-flowing time could be equal to the displacing time of water in the pipes, and the high temperature water was
prevented from losing excessive heat through the return pipe.

Keywords: solar energy; heating; temperature; solar low temperature floor heating system; on-off modes; solar fraction; heat
supply; operating energy consumption



