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Soil unsteady heat conduction process in
deep-bed solar greenhouse at night
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Abstract In view of the imbalance of soil temperature, this study analyzed the relationship between the change rate of
temperature and soil heat-releasing volume of test points in span direction with unsteady heat conduction theory as
foundation and took deep-bed solar greenhouse as trial subject, and conducted research on the process of the soil
unsteady heat conduction. The results showed that the heat-releasing volume was affected by the ground temperature
and the span position. The higher the surface temperature and the larger the span position, the more heat was
released. The change rate of temperature and the heat-releasing volume were not proportional, and there was heat
flowing in horizontal direction. The marginal effect of soil was caused by buffer from the soil under the back wall and the
soil outside the greenhouse. In this experiment, the heat-releasing volume increased by soil buffer under the back wall
was 6.06% — 7.34% of total soil heat-releasing volume, and the heat-releasing volume reduced by soil buffer from
outside greenhouse was 31.8% —50.28% of total soil heat-releasing volume. The marginal effect had a negative effect
on the soil temperature environment.
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Fig. 1 Soil sectional drawing of deep-bed solar greenhouse
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Fig. 2 Sketch of deep-bed solar greenhouse structure and test points
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Temperature and heat flow density variations of

the test points on the ground of greenhouse at sunny night
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Table 1
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The functional relationship between temperature variations of

test points on the ground and time at sunny night

Bk 2

Norm of residuals

S IR

Derivative equation

A W5 R AL
Test point Fitting function

P, y=0.009 42 —0.41x+17
P, y=0.0132"—0.552+17
P, y=0.0132*—0.54x+16
P, y=0.0112> —0. 522+15
P. y=0.0122>—0. 522 +15
P; y=0.007 82 —0.43x+14

0.16 y=0.0188x—0. 41
0.17 y=0.0262—0. 55
0.23 y=0.0262—0. 54
0.22 y=0.0222—0.52
0.18 y=0.0242—0. 52
0.16 y=0.015 6x—0. 43

TEAUA R Beh y RERIELEE o USR] . 3 3 T,

Note:In functions y represents temperature. x represents of time. The same as in Table 3.
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Table 2 Integral value of heat flow density of test points on the ground at sunny night
A A R BRI BIrE
Test point Fitting function Norm of residuals Integral value
P, y=0.002 32°—0.072* +1.7x+13 1. 00 264. 20
p, y=0.022°—0.442*+3.1x+8. 8 2.20 186. 80
P, y=—0.004 92' +0.18x* —2. 32" +112+0. 8 2.90 171. 42
P, y=0.003 32" —0.0952° +0. 872" —2. 2x+12 3. 60 107. 80
P; y=0.005 42°—0.132* +1. 62 +13 1. 60 234. 20
P; y=0.0062"—0.132"+1.82+9.3 0.79 210. 80

S REh v AR =[O, R4 H.

Note:In functions y represents heat flow density. x represents time. The same as in Table 4.
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Fig. 4 Temperature and heat flow density variations of the test

points on the ground of greenhouse at cloudy night
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Table 3 Functional relationship between temperature variations of test

points on the ground and time at cloudy night

W B B B AR
Test point Fitting function Norm of residuals Derivative equation
P, y=0.003 82 —0.22x+14 0.067 y=0.007 62—0.22
P, y=0.005 22 —0.3x+14 0.053 y=0.010 4x—0.3
P, y=0.007 32" —0. 34x+14 0.073 y=0.014 6x—0. 34
P, y=0.007 22*—0.35x+13 0.078 y=0.014 42—0. 35
P; y=0.004 82*—0.28x+13 0.074 y=0.009 6x—0. 28
P; y=0.002 52*—0.21x+12 0.053 y=0.0052x—0. 21
x4 BREBDEREMESVSAREERSE
Table 4 Integral value of heat flow density of test points on the ground at cloudy night
I £ W5 REL R 22 I E
Test point Fitting function Norm of residuals  Integral value
P, y=—0.003 82°+0.0642" +0.47x+10 0.54 178.70
P, y=0.000 72*—0.0382" +0. 82x+6.7 2.00 126. 90
P, y=—0.012"4+0. 22" —0. 63x+11 3. 30 154. 30
P, y=—0.0142"4+0.32* —1.6x+12 1. 20 129.70
P; y=—0.003 62*+0.0452* 40, 54x+8. 4 1.12 153. 32
P; y=—0.004 22" 40, 068x* +0. 442 +5. 8 1. 06 125. 96
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