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Thermal environmental status testing and analysis of a typical
brick-wall solar greenhouse in Tianjin
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(1. College of Water Resources & Civil Engineering/Key Laboratory of Agricultural Engineering in Structure and Environment
of Ministry of Agriculture, China Agricultural University, Beijing 100083, China;
2. Tianjin Xiging District Agricultural Technology Extension and Service Center, Tianjin 300380, China)

Abstract In this paper, we tested the thermal and humidity environmental status in a typical brick-wall solar
greenhouse in Tianjin for two winters. The results showed that,daily mean temperature is around 10 C . the lowest value
is 5.0 C ;daily minimum temperature is 3.4—5.5 C in January and the lowest value is 0.8 C ,which may cause the
crop chilling injury; night temperature indoor is lower and the lowest average night temperature is 2.5 C from December
to next February;the night temperature difference between indoor and outdoor is 10 — 15 C . The indoor daily average
relative humidity is 66 % in the daytime in January,however, the relative humidity is only 50% when soilless culture is
used. The average relative humidity at night is high to 99% in all the testing time. Results from this study showed that
solar greenhouse can supply proper environment to crops most of the time, but there is still exiting some abnormal
conditions (always low temperature and high humidity). We advise to improve the environment performance of solar
greenhouse by the following measures: enhance the sunlight transmission from the roof; ensure the solar radiation
received by the north wall;advance the thermal insulation and heat storage performance of enclosure structures;improve
ventilation and modify cultivation methods.
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Table 1 Construction parameters of second-generation brick-wall greenhouse in Tianjin for testing
S8 B AH ZH Bl
Parameters Value Parameters Value
K& /m Length 70 HiEM /(") Lighting surface angles 29.31
¥ /m Span 7.5 JE T H 22 Roof framework ML Steel frame
M5 /m 3.2 J B K Y8 /m 1.8
Height of ridge Horizontal Projection width of back-roof
J5 4% 5 B /m 2.3 Ja RS /) 35
Height of backwall Elevation of back-roof
BEABERE NN AN 24 em T8, BBZEML . 24 em Tk Jei B TS O 40 AL, BAFH, =& K
Wall Materials 24 cm Brick. Polystyrene | Making method of Back-roof Board., Polystyrene board,
Board, 24 cm Brick Lime-clay-sand concrete
B PRI /m 0.6 S R R (20~30 mm)
Wall thickness Covering material Heat preservation quilt
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Hp a5 BRI RERN AT & T 0 °C. AtiREEN
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Table 2 Daily average temperature monthly of indoor and outdoor in a second-generation brick-wall greenhouse C
235 B 2010 4F 2010—2011 4F
Statistical Projects 1A Jan 2] Feb 3H Mar 12 Dec 1H Jan 27 Feb 37 Mar
% 4b Outdoor R H Max 1.9 4.1 12.4 2.6 —3.5 5.1 16.5
AR {H Min —15.2 —6.0 —3.3  —10.9 —10.0 —5.3 0.7
FHE Ave —6.6 —1.9 4.1 —2.6 —6.6 —1.1 7.3
% N Indoor I H Max 18.2 19.9 18.3 13.0 15.5 17.3 22.9
AKE Min 5.0 8.2 10. 8 6.1 6.5 7.2 13.6
SEE Avg 11.4 12.6 14.6 9.4 9.7 11.0 18.7
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Table 3 Daily maximum temperature of indoor and outdoor in a second-generation brick-wall greenhouse

et [ 2010 4F 2010—2011 4f
Statistical projects 1H Jan 2 Feb 3 H Mar 12 H Dec 1H Jan 2 H Feb 3 H Mar
FOMHBE /T el Max 8.8 14.5 18.9 11.7 8.1 13.0 26.7
Daily maximum
temperature outdoor FHE Ave —0.7 3.5 9.9 3.9 0.0 5.6 14.2
% H A UL/ C I {E Max 35.9 35.4 32.5 25.8 33.2 37.0 40. 2
Daily maximum
temperature indoor FHEIE Avg 24.1 21.9 22.9 19.5 22.3 21.0 29.8
EW GBI H & <16 C 6 7 3 4 4 6 0
J= 3E R
Rl ~16~18 C 2 1 2 6 2 3 0
Day number of each
_ , >18~20 C 2 1 3 4 3 3 1
daily maximum
temperature indoor >20~22 C 0 1 1 11 4 6 1
>22~25C 3 7 13 5 8 4 4
>25C 18 8 9 1 10 6 25
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Table 4 Daily minimum temperature monthly indoor and outdoor in a second-generation brick-wall greenhouse
it H 2010 4F 2010—2011 4F
Statistical Projects 1HJan 2H Feb 3H Mar 12H Dec 1H Jan 2 H Feb 3 H Mar

A BMTR/T g Min —22.3 —13.2  —8.8  —18.7  —17.2  —12.0  —5.7
Daily minimum

temperature outdoor FHME Avg —12.9 —7.4 —1.7 —8.4  —13.4 —7.2 —0.4
EAHRMTR/C REmE Min 0.8 3.9 6.2 1.2 1.3 2.7 4.9
Daily minimum

temperature indoor FHME Avg 5.5 8.0 10. 1 4.4 3.4 5.8 12.5
E A B AR R <5C 16 2 0 18 30 11 1
AR H %L >5~6 C 3 1 0 6 1 5 0
Day number of each >6~8 C 4 14 6 7 0 10 1
daily minimum >8~10 C 5 4 10 0 0 2 3
temperature indoor ~10 C 3 7 15 0 0 0 2
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Table 5 Daily average temperature at night of indoor in a second-generation brick-wall greenhouse

%15 H 2010 4F 2010—2011 4
Statistical Projects 1HJan 2H Feb 3H Mar 12 H Dec 1 H Jan 2 H Feb 3 H Mar

HE 5538/ °C i Max 13.9 15.5 16.9 9.3 10.7 13.4 19.6
Daily average HAK{E Min 2.5 5.4 8.8 3.7 4,2 4.3 10.9
temperature SEHE Avg 8.1 10. 2 12.9 6.9 6.3 8.4 15.7
sy Bt B3 AR <8 C 17 5 0 21 28 12 0
iy H 2 >8~10 C 5 10 4 10 2 10 0
Day number of each

. >10~12 C 4 6 8 0 1 5 2
daily mean
temperature =12 C 5 7 19 0 0 1 29




192 R R k% 2 R

2013 4E 45 18 &

Tk 35 9% AR 1) 52 ) A TRD A PN TR B R AR AR . A
oyA L& .12 Ay 1 By = R H SRR K
A AT 8 °C L 4 55 %0 LA B Rl J& 2011-01,
T 8 CHYREGEH] 90 % 5 3] 3 H 43 W) A 43 B[]
FNREEHIRE KT 12 °C, i TFRESHERME
YERR IR EAERT 8 C,HIHGEEN 12 A
Oy A0 1 3 A AR 1) A 15 0 BH AN B il AR K
KRR A Rtk — P8 .
2.1.5 RBEZENINEE

25 AL 25 BB B AF 1Y R R = 1 DR R g L 2
iR = AR P E AR bR . HOGIRE 1R PG
St LAE IR LR S PR TR A A

A R b AT RO R 2 1 I 5 P A L BE A B L DRI L 7 [
25 AL 22 T fE S IR 1 & VIR PR RE . Balal
NAME 22 ST BE R 22.:00—k H 700, K45
BRI HCRER A ENINE 2N 11,2~
16.6 C,Ho 1 AR 2R K. FY 16 CAL, &
FE R 23,1 CL AR R 6.7 ‘C (K 6), Bl INF
AU R TH G P 1) 2 P AR 2 S B B R
M E5 R E , KL 5 AR = 8] =
P AL 22 97 A A B AR 2 SRR B 20~30 CHYE
WAME 221 x5 8t Beag sk 8. 3R M A5 1Y
AN O L SR = A B S5 . bR A 5 )

F6 REOBHIE_REERE(22:00—7:00)EHNAFHERE

Table 6 Daily average temperature difference between indoor and outdoor of a second-generation brick-wall greenhouse

C
g3 H 2010 4 2010—2011 4F
Statistical Projects 1 A Jan 2 A Feb 3 A Mar 12 A Dec 1 H Jan 2 H Feb 3 A Mar
% fH Max 23.1 18. 4 17.3 19. 4 19.9 19.0 15.6
K {H Min 6.7 7.9 5.3 9.4 6.5 5.5
SEHE Avg 16.6 14.2 11. 11.9 15.6 12.1 11.2
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Fig. 1 Temperature diurnal variation of second-generation
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brick-wall greenhouse in Tianjin under typical

clear day (15™ to 17", January,2011)
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Fig. 2 Temperature diurnal variation of Xiqing
second-generation brick-wall greenhouse
in Tianjin under rainy or snowy weather

(3" to 5%, January,2010)
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Fig. 3 Temperature diurnal variation of second-generation
brick-wall greenhouse in Tianjin under successive

overcast weather (7" to 9", February,2010)
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Table 7 Relative humidity of indoor and outdoor in a second-generation brick-wall greenhouse %
#ii13 H 2010 4 2010—2011 4

Statistical Projects 1H Jan 2H Feb 3H Mar 12 Dec 1H Jan 2 H Feb 3 H Mar
HR(11:00—15:00) 5 40 i H Max 93 84 99 99 47 86 39
Outdoor in the daytime #fK{H Min 14 12 13 13 13 13 10
(11:00—15:00) I Ave 36 37 34 26 18 39 16
B (11:0015:00)2 py  He i Max 99 99 99 99 76 97 57
Indoor in the daytime &K {H Min 36 36 21 27 33 25 9
(11:00—15:00) I Ave 66 67 47 50 47 54 26
B (19:00—7:00) %4 I H Max 98 96 99 99 71 94 70
Outdoor at night K H Min 17 21 23 16 15 21 15
(19:00—7:00) I Ave 56 64 62 47 33 66 37
I (19:00—7:0002py Bl Max 99 99 99 99 99 99 99
Indoor at night % Min 99 99 97 98 96 97 74
(19:00—7:00) I Ave 99 99 99 99 98 99 96
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Fig. 4 Relative Humidity of diurnal variation in a
second-generation brick-wall greenhouse
in Tianjin under typical clear day

(15" to 17", January,2011)
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Fig. 5 Relative Humidity diurnal variation of
second-generation brick-wall greenhouse
in Tianjin under rainy or snowy weather

(3™ to 5™, January,2010)
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