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A1 XA
Fig.1 Plane of experimental building
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Tablel Composition of building envelopes
[l 4745 #4 Building envelopes ZERY ALY, Structural materials
4% (B East Wall (Kitchen) 65 cm 75 1-4%
4% (b3 ) East Wall (bedroom) 11.5 cm £L54+1.5 cm 7K B $£ 2K
3% South wall 11.5 cm £L%+1.5 em KI8Tk K

5 West wall 5 cm AKEHR+10 em 77 )7 +65 cm 75 -3k
Jt4% North wall 5 cm AFEHR+10 cm 255 JZ+65 cm 75 1 3%
% Window EN=S 3y N

J&Tii Roof 50 cm i +:+30 cm FE+10 cm Ak

+<2 BESEPSEMERRERER
Table2 Areaand heat transfer coefficient of
building envelopes

Rl 45 1) g T3 A K Heat transfer
Building envelopes Arealm?  coefficient/(W-m=-K™)
4% (B3) East Wall (Kitchen) 18.2 1.17
A (1% East Wall (bedroom) 8.7 226
F%% South Wall 24.9 2.26
Pk West Wall 305 0.81
Jb4% North Wall 47.3 0.81
B4 & South Window 7.4 47
4% East Window 1.75 47
["] Door 6.3 25
HhiH Floor 60 06

1 KFAREESADS 2. 9. W1 3. 4. SALEEJEFFSE 6. 7. 8. B
10. WREETRET T1. T2, T3.JR¥ LK

1. Solar collectors 2,9. Vaves 3,4,5. Hesating circulation pumps 6,7,8. Floor
heating coils 10. Turbine flow meters T1,T2,T3. Temperature sensor

B2 XMaERERZAR
Fig.2 Schematic diagram of solar heating system
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Table3 Measuring instruments and parameters

{X 2§ Instruments 7] R Manufecturers %45 Model number =% Range ¥ Precision

T FE A /8% Temperature sensor JER R PR IR A 7] PT100 —-50~100 C +0.1°C
% P /e% Humidity sensor R R B A PR A ] STH-TW1-RHT10VP2S0 0~100%RH +296RH
K PHEESHX Solar radiation meter LT RN BRI A TR A F] TBQ-2-B 0~2000 W-m™ +2%
P RGE LA Hot film ar velocity sensor JUHMERIE B M RHCA TR A F YGC-RMFS 0~5m-s™ +0.2%FS
A%/ 3 Air vel ocity sensor JE R R A IR A F] FC-2A3 0~30ms* +59%
TR Turbine flowmeter FHIAZAL AT PR A F] LWGY-20A 0.4~8m*h™ +0.5%
Brif 41X Dataacquisition instrument ZEEHE CRED HIRAF 34970A

MR [A] Dy 2018 4 3 A 20 H% 2018 45 A 8 H, Q. = (1-SHF)-NLC-DD,, @)

DL BRI Agilent 34970A i R AL H SR A
3%, FAHEFN 10's.
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Fig.3 Heat supply and average solar irradiation intensity
of solar active heating system

Bl 4 Jya i e PRI @ A S5 0 e R T TR
AN [E) 5k 58 Y ] P P s TR A St s s B 1) o5 B RS 400, A
Bl 4 e DA R0 TR P R a0 3 18] LT 4
I T 14 °C, 5 TR 95%, 7Rk 3 d i
N KA BT A R A7 0 8 #Re 1 T Lk b 50
Bk, S NIEE RE 1d A2 S NIRE t,=14 C
FIESR, RAREEIAS] 13.3 °C; xS Eb @ Sue it ik



4 geolk THRE2AAR Chttp://www.tcsae.org)

2018 4F

TSyt ] HLIR B AR AEAR T 12 “CYE L, o B[] 77.9%,
T 14 CHIMY Y 8.6%, HIILFRIH: FRIENHIIESAL i
KALN, TEMRER o s fa) B, 32 3 30K BH Re AL g AT LA
IRUF 3 R B AR TR, WHZ RS H BN PLTH
PR AT LR A E 1

—

(=3

(=]
1

I X B R Experimental building
Yif tEESA Contrast building

7

S © © o
T T T T

IR BERIE &
(=]

Time ratio of indoor temperature/%
- N W A U AN X O
S S 5 S

——

-

>14 14~12 <12
1B E Temperature/'C

B4 FREENNE S
Fig.4 Timeratio of indoor temperature

(=]

2.2 ERIMNEEILESHR

AR & SR 75 1%, WA (]2 2018 4 3 H 20
H% 2018 4£ 5 H 8 H. & 3 A 26. 27 Hizfr &
PR, AT AR G = R AT T, iR
56 2H R FOKBH A £ B g, (LBERTE] v 18:00 %k H
08:00, XfHRAKH 38 fitng. B 5 250 @5 th
ERENIRE S EIAEE L 26

A5 TA5x¥RE (2018-03-26—27)
Fig.5 Indoor and ambient temperature (March 26" to 27" 2018)
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Fig.6 Vertical temperature distribution(2018-03-30)
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Fig.7 Changeinindoor and outdoor temperature, surface
temperature of kang (2018-03-27)
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Table4 Economic analysis of solar heating system

A

I Net WEEPE PRI BiheRias
Year Discounted resent Present value Present value Accumulated net
factor P of benefit  of net benefit  benefit
value
0 1 -17 875 0 -17 875 -17 875
1 0.945 4 550.26 4063.50 4063.5 -13811.5
2 0.893 481523  3840.01 3840.01 -9971.49
3 0.844 5094.79 3628.81 3628.81 —6 342.69
4 0.797 5395.23 3429.22 3429.22 —2913.46
5 0.754 5702.92 3240.62 3240.62 327.15
6 0.712 6 039.33 3062.38 3062.38 3389.53
7 0.673 6 389.30 2893.95 2 893.95 6 283.48
8 0.636 6761.01 2734.78 2734.78 9018.27
3 % it
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Performance of solar active-passive combined heating system in
Tibetan areas of southern Gansu

Li Jinping, Wang Hang, Wang Zhaofu, Huang Juanjuan, Wang Chunlong
(1. Western China Energy & Environment Research Center, Lanzhou University of Technology, Lanzhou 730050, China;
2. Key Laboratory of Energy Supply System Drived by Biomass Energy and Solar Energy of 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: The traditional heating methods in winter, in Tibetan areas in China are relatively backward, and the indoor living
environment is poor. Owing to the abundant solar energy in the Tibetan areas of China, the potential of solar heating is huge.
In order to use solar energy to achieve the clean heating, two single buildings with a passive sunlight area of 170 m? in
Shanglangkanmu, a village of Hezuo in Gansu Province, were studied, as research objects, one of which used passive sunspace
and cow dung direct-fired furnace for heating, and the other used passive sunspace and solar collectors for heating. The solar
collector system has 7 sets of all-glass vacuum tube solar collectors. The collector surface was placed at an angle of 45° to the
ground. It was positioned in the south, and the amount of collectors of each group was 30. All-glass vacuum tube was 1.8 m of
length, 0.058 m of diameter, and 20.2 m?of heat collection area. Under the same environmental conditions, the theoretical and
experimental methods were used to compare the indoor thermal environment, systemic economic and environmental benefits.
The test time was from March 20" to May 8", 2018. The indoor and outdoor temperature, indoor and outdoor wind speed,
solar radiation intensity and other parameters were investigated. The data were automatically recorded by computer. The
research results show that in the 48 d test period, the days of living temperature higher than 14 °C in experimental building
with the solar energy active and passive combined heating system is 47 d, indoor minimum temperature of 13.3 ‘C isfor only
1 day, the heat supply of the system in addition to individual extreme weather, can satisfy the heating needs of the building
well, indicating that the system's energy supply stability is well, anti-interference ability is strong. When the outdoor
environment minimum temperature is —-8.6 C, the average indoor temperature of experimental building with combined
sunspace and active solar heating systemis 16.3 °C, whichis7.3 “C higher than that of the contrast building, between the two
buildings the highest temperature difference is 11.5 °C, and the temperature fluctuation of the experimental building is small.
The temperature in vertical height is evenly distributed, the indoor thermal comfort is well, the temperature of experimental
building can completely reach the indoor temperature by 14 “C through the solar active heating, and the temperature of kang
can be maintained at 22.3-34.7 ‘C during night sleep time, it belongs to the human body sleep comfort temperature which
improves the comfort of people during sleep. The solar energy active and passive combined heating system satisfies the
heating demand of the building well. The temperature in contrast building with the passive sunspace and the cow dung direct
combustion furnace is nonuniform, the difference of temperature is distinguished, the living room temperature is generally
lower than 12 C. Compared with the contrast building, the experimental building with solar energy active and passive
combined heating system can reduce 4.3 t standard coal in the heating season, which can reduce the CO, dust, SO,, and NO
emissions by 10.7, 2.92, 0.322 and 0.161 t, respectively. The dynamic investment payback period is 4.9 a. It proves the
feasibility, energy saving and economy of the system, and can be utilized to guide the optimal design and popularization of
solar energy active and passive combined heating systemsin different regions.

Keywords: solar energy; heating; temperature; sunspace; thermal comfort; thermal economy



