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Table 1

xR 1 FRRARFETREREARBHTEE

Calculated values of heat transfer coefficient of thick cover in different reflectivity

ERRI K RS, TR RN 0.1 246
- 3% AR A g Heat transfer coefficient/(W-m™>C™") 0.9 i, %?’.@?%%Z?FH'XHL‘I)&/J‘EE .
Up-surface reflectivity Under—sprface Range of heat transfer COCff:iC}Cnt relative reduction
reflectivity =30 mm d=20 mm d=10 mm with same up-surface reflectivity when under-surface
reflectivities change from 0.1 to 0.9.

0.9 0.936 1.300 2.141
0.7 0.940 1.309 2.170

0.1 0.5 0.943 1.317 2.196 1.29%~4.43%
0.3 0.946 1.325 2219
0.1 0.948 1.331 2.240
0.9 0.917 1.273 2.094
0.7 0.921 1.282 2.122

0.3 0.5 0.924 1.290 2.147 1.25%~4.41%
0.3 0.927 1.297 2.170
0.1 0.929 1.303 2.190
0.9 0.897 1.244 2.043
0.7 0.901 1.253 2.071

0.5 0.5 0.903 1.261 2.095 1.21%~4.38%
0.3 0.906 1.267 2.117
0.1 0.908 1.273 2.137
0.9 0.876 1.214 1.990
0.7 0.879 1.222 2.016

0.7 0.5 0.882 1.229 2.040 1.17%~4.35%
0.3 0.884 1.236 2.061
0.1 0.886 1.241 2.080
0.9 0.853 1.181 1.932
0.7 0.856 1.189 1.958

0.9 0.5 0.858 1.196 1.981 1.13%~4.32%
0.3 0.860 1.202 2.001
0.1 0.862 1.207 2.019
AT R 0.1 4 0.9 09 8.92% 9-16% 9.75%
AR AT N 0.7 8.96% 9.20% 9.78%

Range of heat transfer coefficient 0.5 8.99% 9.23% 9.80% 8.929%~9.86%

relative reduction with various upper

surface reflectivity when up-surface 0.3 9.03% 9.27% 9.83%
reflectivities change from 0.1 to 0.9 0.1 9.07% 9.30% 9.86%

e d AR .
Note: d is the thickness of thick cover.
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Table 2 Verification on theoretical calculating value of thick cover transfer coefticient

2 EI]

%€/l Measurement values PH574H Calculated values

f%iﬁ%ﬁéé@éﬂﬁi R Ep RS Ep T RS AN S fLINEREL RS AN Y
Thermal insulation structure Up-surface  Under-surfac Heat transfer Range of  Heat transfer coefficient/  Range of
reflectivity e reflectivity ooefficient/(W-mC") reduction/% (Wm?C™h reduction/%
WML BRI BEEmSU
PE fabric, PE foam, Aluminium coated fabric 0.3 0.7 1.064 0 1.056 0
PR BB WS
Aluminium coated fabric, PE foam, PE fabric 0.7 0.3 1005 333 0-985 6.72
e 4P 1] 2%k A R g 1
BEAOI DIRH. BRSO 0.7 0.7 0.994 6.58 0.972 7.95

Aluminium coated fabric, PE foam, Aluminium coated fabric

T O 2 B RICE S CGhZERIAD AR ORI AN LA - M. IR RS 2100 B Gl i S 2 5k

Note: (D In table 2 the order of thermal insulation materials (from left to right) is from cold side to hot side; @ The range of relative reduction of heat transfer coefficient
is based on the thermal insulation thick cover coefficient, which structural components are PE fabric, PE foam, Aluminium coated fabric.
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Fig.1 Relationship between heat transfer coefficient of thick
cover and conductivity coefficient
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Fig.2 Relationship between heat transfer coefficient of thick
cover and its thickness
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Table 3 Regression coefficients

AEFRUMEAL R 8L Unstandardized coefficients

AR R 2
571 Model . . e - i i
571 Mode [ & AR b e Partial cor_relatlon
. . . t . coefficients
Regression coefficients and intercept Standard errors Sig.
‘it Constant 0.180 0.002 78.195 <0.001 0.937
Ing, 0.043 0.001 29.418 <0.001 0.576
Ingy 0.011 0.001 7.756 <0.001 0.999
InK, 1.221 0.005 260.882 <0.001 0.937

T e PRI BRI A A s ORI N R BR ST A Ko N R B B ORI 3 BRI N O A P R 4

Note: &, is the up-surface reflectivity; & is the down-surface reflectivity; K, heat transfer coefficient of thick cover including conduction and convection.
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Analysis on affecting factors of heat preservation properties for thermal
insulation covers

Liu Chenxia!, Ma Chengwei'™, Wang Pingzhi*, Zhao Shumei', Cheng Jieyu!, Wang Minglei®
(1. Key Laboratory of Agricultural Engineering in Structure and Environment, Ministry of Agriculture,
College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;

2. China Agricultural Machinery Testing Center, Ministry of Agricultural, Beijing 100122, China)

Abstract: The thermal insulation properties of solar greenhouse thick cover are affected by many factors, due to the
complexity of heat transfer process which include conduction, convection and radiation. There have been some studies
on the effects of the outdoor wind speed and infrared characteristic parameters of cover surfaceon the thermal insulation
performance of thick cover. However, it is difficult to obtain accurate results due to the site conditions are not easy to
control, and there are limited systematic studies on impact factors, which include heat preservation performance of
greenhouse thick cover, using heat transfer theory. To master the effects of main influence factors on heat transfer
coefficient of thick cover, we analyzed the relationship between surface emissivity of thermal insulation covers,
thickness of thick cover, coefficients of insulation materials, wind speed of outside and the heat transfer coefficient of
thermal insulation covers using heat transfer theoretical model on thermal thick cover. While the relationship between
one factor and heat preservation performance of thick cover was being analyzed, other factors should be considered as
constants to eliminate the impact of these factors. Thus the variation trend of relationship between single factor and heat
transfer coefficient K can be gained. The results showed that the effect of up surface emissivity of thermal insulation
covers on K value was more than 8.9%, and the effect of down surface emissivity of thermal insulation covers on K
value was less than 4.5%, when there was fixed film under the thermal thick cover. When there was without fixed film,
the effect about down surface emissivity of thermal insulation covers on K value would increase, but it was still lower
than that of up surface emissivity on heat transfer coefficient. The increase in thickness and the decrease in conductivity
coefficient of thermal thick cover would increase the heat transfer resistance substantially. So the K value would be
decreased with thickness increasing or heat conductivity coefficient of thick cover materials reducing. It also showed that
all the thermal insulation materials could meet the heat preservation performance requirements of horticultural cover,
when the thickness was between 40 mm and 50 mm, based on the analysis of the relationship between K and thickness of
thermal thick cover, conductivity coefficient of thermal insulation materials. K value of thermal thick cover was
decreased with wind speed increasing (neglecting the heat loss of thick cover overlap joints) when emissivity of the
upper surface was high and the heat transfer coefficient was low; K value of thermal thick cover was increased with wind
speed increasing when emissivity of the upper surface was low and the heat transfer coefficient was high. An empirical
formula on heat transfer coefficient was promoted based on the analysis of the relationship between influence factors and
heat transfer coefficient. And the parameters in the formula were obtained by regression method. The empirical formula
about K provides theoretical foundation for development and application of thermal thick cover.

Key words: greenhouse; thermal insulation; thermal insulation materials; heat transfer coefficient; solar greenhouse;
thermal insulation covers; thermal insulation properties; heat transfer theoretical model; influence factors
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