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Thermal environmental status testing and analysis of
three types of solar greenhouse in Quwo of Shanxi

LIU Chen-xia, MA Cheng-wei” , SUN Guo-tao
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract In order to investigating the thermal and humidity environment in typical greenhouse in Shanxi, test were
conducted in three solar greenhouses: II . V and [V solar greenhouse in Quwo County of Shanxi Province, using the
temperature and humidity recorder RS-12. The results showed that daily mean temperature was above 13.0 C ,and high
humidity existed in all three types of solar greenhouse. In January, the daily average temperature of [V greenhouse is
14.7 C ,which was higher than that of V and II greenhouse 0.5 T ,1.1 C respectively; The average time suitable for
plant growth was 19.9 h per day in IV greenhouse, which was longer than that in V and II greenhouse; The average
temperature at night in IV greenhouse was 12.2 C . increased by 9% .18% compared with V greenhouse and II
greenhouse; The average temperature difference between indoor and outdoor of IV and V greenhouse is 19.8 T,
20.0 C respectively; There is large potential to improve thermal heat storage performance of three types of
greenhouse. The heat storage properties performance of three types of greenhouse was: [V greenhouse > V
greenhouse > [I greenhouse. Relative humidity in three types of greenhouse was high and almost saturated at night.
The daily mean relative humidity in V greenhouse was 88% , which is 9% higher than in the other two greenhouses. On

the basis of temperature and humidity conditions in three types of greenhouse, it was concluded [V greenhouse was
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more suitable in Quwo than V greenhouse. Suggestions to improve the environment performance of solar greenhouses

including enhance heat preservation performance of greenhouse by increasing the thickness of straw curtain or using

better heat thermal insulation covers and reduce the relative humidity indoor by changing the irrigation way,

strengthening the ventilation or taking other measures,so that the thermal and humidity environment in greenhouse can

achieve the optimum state.

Keywords solar greenhouse; temperature; relative humidity; thermal and humidity environment
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Table 1 Construction parameters of 11,I1V,V

greenhouses in Shanxi

HHSH i ZE 2 A Greenhous type
Building parameters A B C
K /m Length 60. 0 88.0 120.0
5 & /m Span 7.5 11.5 10. 6
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=185
EHASH R ZEZ A Greenhous type
Building parameters A B C

# = /m Height of ridge 3.2 5.2 5.0

J5 55 5 )8 /m Height of backwall 2.5 4.2 4.2

1 T /m Thickness of wall’s top 1.5 2.0 2.0
%K) /m Thickness of wall’s end 4.5 6.0 6.0

72 % T UL/m Sinking of greenhouse 0 1.2 0.7
BEAR A B Wall materials FL+ 7L+ 7+
HiE A /(") Lighting surface angles 60 60 60

Ja ¥ 5 ¥/ m Width of back-roof 0.7 1.0 0.8

Ja RN A /() Elevation of back-roof 45 45 45
A48 55 M B Covering materials 3 cm B 3 cm HE 3 em B

T ABLC i iy A0 HAR L R E . TR

Note: A, B, C is II, V, IV greenhouse of Shanxi Province respectively. The same in the

following table.
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Fig. 1 Test-point layout of greenhouse
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Table 2 Indoor and outdoor daily average temperature monthly of three greenhouses C
TS 7 IR L 12 /] Dec. 1 A Jan. 2 J1 Feb.
Test position Statistical index A B C A B C A B C

e 18.5 18.2 19 17.2 16. 8 19.1 22 20.7 23.2
% M Indoor Fefik 14.2 14.3 11.7 7.6 8.7 7.9 13.3 12.4 13.2
S 14 16. 8 16. 4 15.4 13.6 13.8 14.7 17.8 17.9 17.9

R 6.4 —3.1 9.6

% 4h Outdoor e fik —8.2 —8.8 —4.2

-2 0.2 —5.8 1.7

2.1.2 HZ&KAR

H G 28 % P fie (TR — Mt BT 0 =4 7 i
Ja » F AR AU R R PRI A K R R 1O (R R
A AT RE T B Y R AL s R )

Gt a5 A (3R 3) Won . 1 7 0y 2 S ARSI 1
P ARis —5. 8 'C. 3 Fiilh % 09 H i AR R 89-F

PMERT 8.0 °C L Hrp A A % 09 H o Rl
ERERE T AR EAS 1.0 °C. MENSBOHRR
HE G Al feve A 1 A 6y AR 25 B H 3 2 AR
YA K 2O 19,9 ha B AR = 4 0. 7 b,
BAUERER 4.0 h; AR %A 12 d B ARl &
T 10 CL AU EA 10 doi —AUR %A 2 d. i
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Table 3 Indoor and outdoor daily minimum temperature monthly of three greenhouses
g+ g AR IL I 12 A Dec. 1 H Jan. 2 A Feb.
Statistical project Statistical index A B C A B C A B C
ENH EALUR/C 2 7.3 8.1 5.7 5.4 6.3 5.2 9.9 10.3  10.3
Daily minimum
temperature indoor T 14 9.7 10.3 9.5 83 9.1 9.4 1.8 122 13.1
A H TR/ B A% —8.2 —8.8 4.2
Daily minimum
temperature outdoor T 0.2 —5.8 L7
. <5 C 0 0 0 0 0 0 0 0 0
=W Bt
Day number of each >6~8 C 2 0 4 8 4 1 0 0 0
daily minimum ~8~10 C 17 9 11 20 17 16 1 0 0
temperature indoor
>10 C 12 22 13 2 10 12 27 28 28
E AR <<10 C HFEH K /h 0.8 0.5 2.1 8.1 4.8 4.1 0.05 0 0

Average daily duration of indoor

temperature <10 C
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Table 4 Indoor daily average temperature at night of three greenhouses
g 135 | G 45 4% 12 /1 Dec. 1 A Jan. 2 H Feb.
Statistical project Statistical index A B C A B C A B C
R N ] 14.7 15.2 15.7 12.3 13.3 15.8 18.7 18.3 20. 2
B8] H -34S/ °C
Daily average temperature AR 10. 5 10.9 8.8 6.2 7.3 6.5 11.5 11.5  12.5
at night
1 13.2 13.5 12.6 10.3 11.2 12.2 14.6 14.6  15.9
<8 C 0 0 0 2 1 1 0 0 0
EW 4B E R AR
H % /d >8~10 C 0 0 1 10 3 1 0 0 0
Day number of each daily  — 1519 ¢ 6 2 11 17 19 13 1 0 0
mean temperature
>12 C 25 29 19 2 8 16 27 28 28

R4 gl e ST T 0 IR A 4 A 5 it R L IX Y
TNUCEREE RN F 0.9 m, i FAC IR E T UTRE N
L2 m, X AR E NP R T 152, RIGRK
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Table 5 Temperature difference at night between indoor and outdoor of three greenhouses
gt 4e kR 2010-12 2011-01 2011-02
Statistical index A B C A B C A B C
e = {H Max 22.4 23.1 23.5 23.1 23.9 23.4 21.4 20.9 21.6
K18 Min 11.4 12.4 8.8 14.2 14.9 15.2 10.9 10.9 10. 8
THMH Ave 7.0 174 153 191  20.0  19.8 15.3 152  15.9
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Table 6 Indoor and outdoor relative humidity of three greenhouses %
R E| %545 b 2010-12 2011-01 2011-02
Statistical project Statistical index A B C A B C A B C
o 50 69 99
R (11:00—15:00) 2 b
. RARMH 11 15 15
Outdoor at daytime (11:00—15.00)
S8 22 27 44
e E 90 96 95 99 99 99 99 99 99
FIR(11:00—15:00) % H
) A E 66 77 68 63 75 64 57 67 57
Indoor at daytime (11:00—15.00)
S AH 76 86 78 79 88 79 78 84 80
B E 82 90 99
] (19:00—7:00) % &b
4 RARMHE 15 23 30
Outdoor at night (19:00—7.00)
SE- 46 45 64
W IE (19:00—7:00) % N
K 1E 99 99 99 99 99 99 99 99 99
Indoor at night (19:00—7.00)
R E 99 99 99 99 99 99 99 99 99

2.2 HEPWMEXRSEHTEREENIIMNEETL
T % Bl A b AR R & R S
BTRN 25 KA & A 3 21 BT R R A R AR I f g
B % S A RE OSSR A P K IR A BT R
DA 0 A 2 B TR R B A A Ak S A i L, AR
PE R ) R 4230 5%, 2011-02-25—2011-02-27 Ky 3%
e Na

25 126 HiX 2 KA HIE KA, = 48 75 0 E
B AR AR AR IE BE A XS BN 27 B /N R I

KA. HBLRIBAE KRG T ERE N SN E L
M4k (& 2) Al 7 &= by <l s T —5 CL AU =
MARBHERE 10 CUL. EREZENRBEE
9.8 °C Ph L i ZARBEMZENIEEZNMAES
1.5 CAA 25 HERE 27 HRREBE AT,
DU M E N E R A E T HICER S E A
I 415 s ) 39 4L DU R = 5 HAC IR E R 25 i
T U R b R~ 1 W G W (N -
HARE.
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Fig. 2 Temperature diurnal variation of three kind of greenhouse

under rainy or snowy weather (January 26-28,2011)
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