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In light of the great soil wall sizes of solar green houses and the low land utilization rate of
solar greenhouses in China, this paper carries out a temperature field experiment in a solar
greenhouse in order to understand the distribution of temperature field in the greenhouses in
Central Hebei region. On the basis of the experiment, this paper establishes a numerical model
of the temperature field in the solar greenhouse using the CFD software, and optimizes the
wall structure of the greenhouse by the numerical simulation of different heights and

thicknesses. The results can provide technical reference for the construction of new-type
energy-saving solar greenhouses.

1. INTRODUCTION

As a unique type of greenhouse in China, the solar
greenhouse has the advantages of low cost, simple
construction process, good thermal insulation performance
and high production efficiency, so it is widely used in some
underdeveloped areas. Unfortunately, in most cases, the
builders construct these greenhouses based on experience.
They blindly pursue the effect of insulation, which results in
excessively thick and tall back walls and serious waste of land
resources and further leads to lower production efficiency. In
order to simplify the greenhouse walls, researchers have
conducted a great number of studies on the heat storage
characteristics and size of the the solar greenhouse wall. Li et
al. [1] proposed the method to determine the thickness of the
thermal storage layer of the greenhouse wall; Peng et al. [2]
believed that there exists an “effective heat accumulation layer”
in the wall; He Fen et al. [3] believed that the wall surface
temperature does not vary greatly in the vertical direction, but
fluctuates much in the thickness direction; Xu et al. [4]
proposed that the 370mm thick brick wall directly coated with
polystyrene insulation boards has a good thermal insulation
effect; Yang et al. [5] suggested that the optimal thickness of
the wall is 1.0m in Yangling, Shaanxi, 1.3m in Baiyin, Gansu,
1.5m in Yinchuan, Ningxia and 1.4m in Tacheng, Xinjiang;
Tong [6] simulated the change of temperature in a temperature
room by software, and the results were consistent with the field
measured values; Zhang et al. [7] established a sunken
greenhouse cob wall model and carried out the three-
dimensional unsteady simulation, and the results accorded
with the reality.

At present, solar greenhouses with soil walls are widely
used in Central Hebei region, but wall sizes are quite irrational,
and few research has been done on the rational thickness of
such walls in Central Hebei region. This paper uses the Ansys
CFD software to simulate the temperature field of the
greenhouse and in this way optimize the wall thickness. The
optimization results are of great significance to the actual
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construction of solar greenhouses.

2. TEMPERATURE FIELD EXPERIMENT
2.1 Experimental equipment layout

The experiment was conducted in a sunken solar
greenhouse at a vegetable base in Wangdu County
(115.12°¢,38.72°n) of Hebei Province, with an excavation
depth of 0.9m, a planting area span of 10m, and a length of
86m. The back wall is built of soil, where the section shape is
trapezoidal. The bottom thickness is 6.5m, and the top
thickness is 1.5m. Based on the interior floor, the wall is
calculated to be 4.0m tall, and the ridge is at a height of 4.8m.
The roof was covered with a layer of plastic film for thermal
insulation the day before the experiment and also a blanket on
the previous night.
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Figure 1. Greenhouse section map and layout of temperature
measuring points

Temperature sensors were placed in the walls at 16 points
(K1, K2, K3 ... K16) from outside to inside, 2.0m above the
ground. Measured from the outside, K1, K2, K3 ... K16 was
located at a horizontal depth of 0.25m, 0.5m, 0.75m,
3.75m and 4.0m, with the spacing being 0.25m. All the sensors



in the greenhouse were arranged at 1/2 of the longitudinal
length of the greenhouse. K18 was located in the indoor
ground, and K19, K20, K21, K22, K23 and K24 are
respectively 0.5m, 1.5m, 4.0m, 0.5m, 2.0m and 4.2m above
the ground. The greenhouse section model and the layout of
the temperature measuring points are shown in Fig.1. The
temperature experiment was conducted using the Toprie TP-
9000 multi-channel temperature recorder, as shown in Fig.2.
The sampling period was 35 days (from December 17,2017 to
January 20, 2018), and the data sampling interval was 20min.
The interior of the greenhouse is shown in Fig.3.

Figure 3. Interior of the greenhouse
2.2 Experimental results

Through the temperature field experiment in the greenhouse,
the temperature distributions of different measuring points in
the wall on the coldest day (January 6, 2018) and the hottest
day (December 20, 2017) were obtained, as shown in Fig.4.
The daily average temperature distributions of different
measuring points in the wall are shown in Fig.5.

As can be seen from Fig.4-a, on the coldest day, the
temperature on the outer side of the wall (at measuring point
K1) ranged between 0.4 °C to 1.9 °C, and that on the inner side
of the wall (at measuring point K16) ranged between 14.5 °C
to 15.9 °C. In Fig.4-b, on the hottest day, the temperature on
the outer side of the wall (at measuring point K1) ranged
between 0.5 °C to 2 °C; and that on the inner side ranged
between, 15 °C to 19.8 °C. The temperatures on December 20
were higher than those on January 6, because on the hottest
experiment day, the solar radiation was strong and the inner
side of the wall received more heat. The outer side of the wall,
due to the lack of solar radiation, experienced less heat
exchange and naturally had small temperature differences. As
can be seen from Fig.5, the overall temperature inside the wall
body (from outside to inside) showed an upward trend, with
the highest temperature in the wall being at the depth of 0.75m
(at measuring point K14). This was because on the coldest day,
with the solar radiation being relatively weak, cold air intruded
K15 and K16 in the wall, leading to continuous release of the
heat. From Fig.5-b, it can be seen that K16 in the wall had the
highest daily average temperature, because the solar radiation
was strong on December 20, making the wall absorb more heat
and leading to high temperatures at K15 and K16.
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Figure 4-a. Wall body temperature trend chart on January 6

20

.2
18 - —a—3
ol T ST T, v 4
VEVEVEVEE:, "'!8 . : + 5
HUltsaa00, * ! t89900,0 « 6
Co[3ipaatiiagedifeiagesiniy L
Tl - £ » 63

T 12 3 “‘E:—t*,;-'-‘_“ s:: * | e B8
= »»:..-H' ,,,pﬁ:/‘.. ‘._‘ :::P w9
© L B = N el ts - « 10
%a_oo.o“w.o IR S SO J

] vy '¥ vy Yy _ ¥Vvy
s Yvy v v v v 12
Ak, ahaa aahAaA L 4 13
Aaaas 14

ee®e *e PRg ey ]

. po 15
Zk."ll'_'.'lll.... ./""H"*.. 16
0 L E"ees® L

2:00 500 800 11:00 1400 17:00 20:00 2300 --
moment

Figure 4-b. Wall body temperature trend chart on December
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Figure 5-a. Daily average temperature trend chart of all
measuring points on January 6
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Figure 5-b. Daily average temperature trend chart of all
measuring points on December 2
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Figure 6-a. Temperature trend chart of K19 on January 6
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Figure 6-b. Temperature trend chart of K19 on December 20

13 - =18
e— 19
12| P —a—20
o v 21
. .
- mu - ‘-—.._-
11+ - ol [} “m
—~ 'I'-H".-. . " -
& 10 L - ® s . -
- L S
o ® o0 o0 * * /e -
2 9oF . d *
© \
?g_ / A A A
EB_‘ A v A
@ A A A o A A A
= - ah s / Y e
7k "' —.L,“ v ‘¢
Yy
s v
1 1 1 1 1 1 1 1 1 1 1 1

1:00 3:00 5:00 7:00 9:00 11:0013:0015:0017:0019:0021:0023:00
moment

Figure 7-a. Temperature trend of different heights in
greenhouse on January 6
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Figure 7-b. temperature trend of different heights in
greenhouse December 20
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On the coldest day (January 6) and the hottest day
(December 20) in the greenhouse, the temperature trends of
the measuring point at a depth of 0.5m (K19) are shown in
Fig.6, and the temperature trends of the measuring points at
different heights (K18, K19, K20 and K21) in the greenhouse
are shown in Fig.7.

According to the measured temperature data, it is concluded
that the minimum temperature in the greenhouse in one day
usually appears between 6:00 and 7:00. The lowest
temperature was 6.7 °C on January 6 and 9 °C on December
20. The reason for this is that the coldest time in the winter of
North China is before sunrise, and the greenhouse wall, after a
night of exothermic activity, contained very little heat, and in
addition, there was still no solar radiation at this moment.
Between 7:00 to 8:00, the insulation layer was uncovered, and
the greenhouse began to receive solar radiation, causing the
temperature to rise from 8:00. Between 8:00 and 14:00, due to
the increasing solar radiation intensity, the indoor temperature
increased rapidly, and reached the maximum at 14:00. The
maximum temperature was 10.4°C on January 6 and 27.5 °C
on December 20. At 14:00, the solar radiation intensity was
the strongest of the whole day, and the greenhouse was directly
exposed to the sunlight, so the temperature reached the peak at
this moment. After 14:00, the outdoor temperature began to
decline, and with the solar radiation intensity gradually
weakening, the temperature in the greenhouse also decreased.
On December 20, the external temperature was higher and the
solar radiation stronger, while on January 6, the temperature
became lower and the solar radiation weaker, so the
temperature at K19 on December 20 was higher than that on
January 6, indicating that the temperature in the greenhouse is
affected by the external temperature. It can be concluded from
Fig.7 that the temperature of the ground (K18) in the
greenhouse is more stable, because the soil has thermal
stability, and when the ambient temperature is low, the ground
temperature can still be maintained at a higher level through
the exothermic activity within the soil.

3. NUMERICAL SIMULATION
TEMPERATURE FIELD

OF THE

3.1 Numerical modelling of the temperature field

Chen [8] concluded in his paper that in order to ensure that
the back wall can be fully exposed to the sunlight and improve
its heat storage, the elevation angle of the back roof should be
at least greater than the incidence angle of the sunlight at noon
in the local winter solstice, which is generally maintained
between the 35°~45°. Therefore, in this study, the elevation
angle of the back roof should be 45°. The greenhouse used in
this experiment is far larger in the longitudinal direction than
in the span direction, and the heat release from the east-west
gable wall took up only 4.7% of the total release from the
greenhouse enclosure structure, so the influence of the east-
west gable wall on the temperature was ignored in the
simulation. In addition, the influence of the physiological
activity of the crops on the temperature is ignored, too [9].

Considering the required temperature for normal plant
growth and by reference to the above literatures, this paper
uses Ansys CFD (Computational Fluid Dynamics) to perform
three-dimensional numerical analysis of the temperature field
in the solar greenhouse, and establishes a three-dimensional
mesh model for the greenhouse structure, as shown in Fig.8.



AKE is the kinetic energy of the system, in J;

APE is the potential energy of the system, in J.

For most engineering heat transfer problems: AKE=APE=0;
Usually it is deemed that there is no work, i.e. W=0, so Qs=AU,
for steady-state heat transfer analysis: Qs=AU=0. The heat
X that flows into the system equals the heat flowing out.

0030 15.000 0000 () I | 3.2 Boundary conditions
7.500 22,500

Figure 8. 3D grid model of greenhouse Acc;ording to the measured temperature data in the field, the
variation of outdoor temperature was similar to that of the 24h
harmonic wave. Using the software MATLAB to fit the data
of the outdoor temperature by Fourier, we have the formula of
outdoor air temperature variation as follows:

Because of the temperature differences in the enclosure
structure, the solar greenhouse gas will form natural
convection exchange. The buoyancy caused by the
temperature difference is treated under the Boussinesq
hypothesis. On the basis of the finite volume method, the
standard k-¢ turbulence model, energy balance equations, DO
(discrete coordinate radiation) model, SIMPLE algorithm and )
segregated solver for low frequency domain are widely used where: z represents the time of the day. )
in the engineering field to solve the transient calculation. The Generally the effective air temperature is used as the
thermal analysis of the solar greenhouse wall follows the first external radiation temperature, to reflect the impact of the air
law of thermodynamics, that is, the conservation of energy in radiation background on tl.le'heat transfer. The calculation
a closed system (no mass inflow or outflow), expressed in formula for the external radiation temperature is as follows:

equation (1):

Ty=2728-2416%*c0s0.29141+6.65*sin0.29147-
0.0422%*c0s0.583t+2392*sin0.5937 2)

Tsky=0.0552T1.5 0 3)

Os-W=AU+AKE+APE 0 ) . :
According to the literature [10-13], the convective heat
where: Os is the heat transferred, in J; transfer coefficient of the inner surface of the enclosure
W is the work. in J- ’ ’ structure and gas is selected. The physical parameters of the

AU is the internal energy of the system, in J; enclosure structure in the model are shown in Table 1.

Table 1. Material and physical parameters of the enclosure structure

. Density  Specific heat capacity Thermal conductivity —Heat transfer coefficient . Radiant
Structural material (kg'm™) (ke K1) (W-m! K (W-m2K") Absorptivity rate
Soil wall Body 1600 1050 1.432 9.44 0.8 0.37
Soil ground 1400 840 1.518 8.51 1.0 --
Insulation quilt (Felt) 400 820 0.08 0.8 0.8 0.95
3.3 Comparison between simulation and experimental shows that the theoretical three-dimensional space CFD model
results of solar greenhouse is correct and reasonable. The causes of
the error include the physiological activity of plants and the
r —=— measured value difference between the model and the actual situation.
% *— simulated value
or : \‘l 3.4 Analysis of numerical simulation results
~ / n
L 7 4
Z ol d 3.4.1 Numerical analysis of the temperature field in the
5 y / LY greenhouse with different wall thicknesses
® | n
g &r J T 155
5 ‘. ° . ’ —=— B=2.5m
o [a—— - L] LS 15.0 |- — e B=3.0m
e im, e - 145 L —&— B=3.5m
"Fee . .‘:- . - . 14.0 [ v— B=4.0m
b 138 L +— B=4.5m
— —4— B=5.0m \ 3
1 1 1 L 1 1 1 1 1 1 1 1 ) 130 o *
1:00 3:00 5:00 7:00 9:00 11:0013:0015:0017:0019:0021:0023:00 el y
moment 5 '2or
5115
1ol
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measured values bods
9.0 n
This paper then establishes a CFD model of the greenhouse b .
with the experimental size and compares the simulated
temperature and the actual one at measuring point K19 on
January 6, as shown in Fig.9. As can be seen, the simulated
results are in good agreement with the measured values, which Figure 10. Temperature variation on the surface
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The original greenhouse wall size (an upper thickness of
1.5m and a lower thickness of 6.5m) is too large. Although
such a wall can achieve thermal storage, it causes a serious
waste of land resources and affects the production efficiency.
With the aid of the CFD numerical analysis software, this
paper numerically analyzes the walls with different bottom
thicknesses (B=5.0m, B=4.5m, B=4.0m, B=3.5m, B=3.0m
and B=2.5m) when the wall height is H=4.0m and the upper
thickness is b=1.5m, and obtains the surface diurnal
temperature changes in the half span of the greenhouse, as
shown in Fig.10.

As can be seen from Fig.10, when B=2.5m, the insulation
effect is the worst. At 8:00, the temperature is as low as 8.8 °C,
because the 2.5m wall is too thin to accumulate enough heat
for the 80m-long greenhouse. When B=3.0m, the wall still
cannot achieve a good insulation effect. The minimum
temperature in the greenhouse is around sunrise time
(7:00~8:00). When B=5.0m, the minimum temperature is
10.39 °C; when B=4.5m, it is 10.35 °C; when B=4.0, it is
10.31°C; and when B=3.5m, it is 10.21 °C. The lowest
temperature is 9.08 °C and 9.01 °C, when the bottom thickness
is 3.0m and 2.5m respectively. It can be seen that when the
wall thickness increases, the insulation effect gets better, but
thisupward trend also becomes slower - the lowest temperature
when B=5.0 is only 0.18 °C higher than that when B=3.5m. At
this point, the temperature changes basically consistently with
the external temperature. From 8:00~9:00 when theinsulation
layer is uncovered, the temperature begins to rise, and between
13:00~14:00, the temperature becomes higher. After the
sunset, the roof cover is insulated before the greenhouse, and
the wall began to release heat, so the temperature here is
always maintained at 10 °C or above.

By CFD numerical analysis of different wall sizes, the
diurnal temperature variation 1m above the surface of the
greenhouse is obtained as shown in Fig.11.
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Figure 11. Temperature variation 1m above the surface

As can be seen from Fig.11, the overall temperature Im
from the surface is lower than the temperature of the surface,
because of the surface heat, and the slow air flow on the
surface. When B=2.5m, the thermal insulation effect is the
worst, wth the lowest temperature here being as low as 6.5°C.
When B=3.5m, B=4.0m, B=4.5m and B=5.0m, the insulation
effects of the wall differ little and the temperatures can all be

maintained at a high level, which are 14.86°C, 14.68 °C, 14.65 °C

and 14.31 °C, respectively. The daily temperature change in
this part is in line with the actual situation

Through the CFD numerical analysis of different wall sizes,
the diurnal temperature variation 2m above the surface of the

greenhouse is obtained, as shown in Fig.12.

r —=— B=2.5m
—e— B=3.0m
—&— B=3.5m
B w B=4.0m
L —&— B=4.5m
F —4— B=5.0m

temperature (C)
3 45 6 7 8 91011 12 13 14 15 16

Figure 12. Temperature variation 2m above the surface

As can be seen from Fig.12, the overall temperature 2m
above the surface is lower than that 1m above the surface,
because it is far from the surface heat source, and close to the
open air. Although the insulation can achieve heat preservation
to some extent, the thermal conductivity of the insulation is
not 0, so there is still some loss of heat. When B=2.5m, as the
wall is too thin to accumulate enough heat, the heat
preservation effect at this time is still the worst. When b=3.0m,
the lowest temperature here is 4.91 °C, lower than those in
other wall models (except in the model where B=2.5m). When
B=3.5m, B=4.0m, B=4.5m and B=5.0m, the heat preservation
effect is good, with the maximum temperature being 14.66°C
when B=5.0m. The daily temperature change is basically in
line with the actual situation.

Through the CFD numerical analysis of different wall sizes,
the diurnal temperature variation 3m above the surface of the
greenhouse is obtained, as shown in Fig.13.

temperature (C)

Figure 13. Temperature variation 3m above the surface

As can be seen from Fig.13, the temperature is affected by
the external temperature - the temperature in the greenhouse
3m from the surface of the ground is below those at other
heights. When B=2.5m, the temperature is 4.29°C, with the
worse heat preservation effect; when B=3.0m, temperature is
the second lowest. The insulation effects of the walls with the
other sizes do not differ much. As it is far from the planting
area, the low temperature here has little effect on the whole
greenhouse.

Through the CFD numerical analysis of different wall sizes,
the lowest temperatures of the walls with different thicknesses
and heights are listed in the Table 2.



Table 2. Minimum temperatures of different models (°C)

Bottom
thickness
Height ffo 2.5 3.0 3.5 4.0 4.5 5.0
ground
0 8.79 9.08 10.21 10.31 10.35 10.39
1 6.5 7.08 727 7.29 7.5 7.6
2 466 491 6.51 6.61 6.81 6.99
3 429 486 523 5.3 5.41 5.5

It can be concluded from Table 2 that the minimum
temperatures of the various models decrease with the
increasing elevation from the surface. This is because when
the wall experiences exothermic activities at night, the surface
soil also releases heat, and the greater the distance from the
outdoor environment, the more active the heat exchange with
the outside. Since the crops grown in the greenhouse are not
very tall, the minimum temperature at a height of 2m and 3m
above the surface has little effect on the crops. It can be seen
from the table that the minimum temperature on the surface is
10.39 °C when B=5.0m and it is 10.21 °C when B=3.5m, only
0.18 °C lower that the former, which satisfies the requirement
for the growth of most crop roots. At a height of 1m from the
surface, the minimum temperature of each model (except
when B=2.5m) is above 7 °C, which also satisfies the
requirement for the growth of most crops.

Through the CFD numerical analysis, it can be concluded
that when B=3.5m, B=4.0m, B=4.5m and B=5.0m, the heat
preservation effects of the greenhouse model are basically the
same, so it is obvious that reducing the bottom thickness of the
wall does not affect the insulation effect, and that at the same
time it can save land resources and improve agricultural
production efficiency.

2.4.2 Numerical analysis of the temperature field in the
greenhouse with different wall heights

An excessively large height of the greenhouse back wall
will directly affect the land utilization rate. In the CFD
numerical analysis, the upper thickness b=1.5m, the bottom
thickness b=3.5m and the wall heights are respectively
H=2.5m, H=3.0m, H=3.5m, H=4.0m, H=4.0m and H=4.5m.
The surface diurnal temperature changes in the half span of the
greenhouse are obtained as shown in Fig.14.

18.5 - —=— H=2.0m
[ —+— H=25m
15.0 [ —&— H=3.0m
145 | v— H=3.5m
- —#— H=4.0m
140 - —<— H=4.5m
:L) 135 r
130}
E +
S125f !’3‘:‘\
© L -
$ 120 F |
g. L
8 115 r
1.0 |
105 |
100 |
95 Lt

Figure 14. Temperature variation at the ground level

As can be seen from Fig.14, when H=2.0m, the heat
preservation effect is poor, but the minimum temperature is
still 9.88°C, because the wall has enough thickness to

852

accumulate some heat and maintain the temperature inside the
greenhouse at a high level. When H=4.5m, the minimum
temperature in the greenhouse is 10.33 °C, only 0.45 °C higher
than that at H=2.0m. The minimum temperatures of the other
four models are 10 °C, 10.07 °C, 10.19 °C and 10.31 °C,
respectively. With the increase in the wall height, the
minimum temperature also increases accordingly, but the
upward trend is relatively flatter, because the wall itself has a
certain thickness (B=3.5m) to accumulate heat. After the
greenhouse is covered with the insulation layer, the wall body
can release enough heat to maintain the temperature inside the
greenhouse. The highest temperature here is between
13:00~14:00, which is in line with the actual situation.

Through the CFD numerical analysis of different wall sizes,
the diurnal temperature variation at a height of 1m above the
surface in the half span of the greenhouse is obtained, as shown
in Fig.15.

—=— H=2.0m
—+— H=2.5m

temperature (°C)
]
T

Figure 15. Temperature variation 1m above the surface

As can be seen from Fig.15, the minimum temperatures of
the wall models are 6.53 °C, 6.6 °C, 7 °C, 7.19 °C, 7.29 °C and
7.3 °C, respectively, and the minimum temperature increases
with the increasing height of the wall body. The minimum
temperatures at H=4.5m and H=4.0m have a difference of only
0.01 °C, indicating that they are almost equal. This shows an
excessively great wall height does not improve the insulation
effect of the greenhouse too much. With the wall size increases,
the temperature inside the greenhouse rises more slowly. After
the insulation is uncovered at 9:00, the temperature begins to
rise, and at 14:00, it reaches the peak of the day. The daily
temperature changes are in line with the actual situation.

—a— H=2.0m
—e— H=2.5m
—A— H=3.0m
—v— H=3.5m
—&— H=4.0m
—<4— H=4.5m

temperature ('C)

Figure 16. Temperature variation 2m above the surface



Through the CFD numerical analysis of different wall sizes,
the diurnal temperature variation at a height of 2m above the
ground in the half span of the greenhouse is obtained, as shown
in Fig.16.

As can be seen from Fig.16, the minimum temperatures of
the wall models are 5.2 °C, 5.3 °C, 5.63 °C, 5.96 °C, 6.61 °C
and 6.65 °C. With the increase of the wall height, the minimum
temperature also increases, but being far away from the area
of crops, the low temperature has little effect on their growth.
After the insulation is uncovered at 9:00, the temperature
begins to rise, and at 14:00, it reaches the peak of the day. The
daily temperature changes are in line with the actual situation.

Through the CFD numerical analysis of different wall sizes,
the diurnal temperature variation at a height of 3m above the
ground in the half span of the greenhouse is obtained, as shown
in Fig.17.

—m— H=2.0m

temperature (°C)

Figure 17. Temperature variation 3m above the surface

As can be seen from Fig.17, the position is far from the
ground heat source and close to the canopy, so the temperature
at night is lower, which is 4.59 °C, 4.68 °C, 4.86 °C, 5.23 °C,
5.3 °C and 5.41 °C, respectively, but being far from the crops,
the low temperature has little effect on their growth.

Through the CFD numerical analysis of different wall sizes,
the minimum temperatures of the walls with different heights
at different heights above the ground is obtained, as shown in
Table 3.

Table 3. Minimum temperatures of different models (°C)

Height(m)
Heigh m 2.0 2.5 3.0 3.5 4.0 4.5
ground
0 9.88 10.00 10.07 10.19 1031 10.33
1 6.53 660 7.00 7.19 729 730
2 520 530 563 596 6.61 6.65
3 459 468 486 523 530 541

As can be found in Table 3, the minimum temperatures of
the greenhouse models with different wall sizes decrease with
the increasing elevation from the ground. This is because when
the wall experiences exothermic activities at night, the surface
soil also releases heat, and the greater the distance from the
outdoor environment, the more active the heat exchange with
the outside. This is consistent with the previous numerical
simulation results. Since the crops grown in the greenhouse are
not very tall, the minimum temperature at a height of 2m and
3m above the surface has little effect on the crops. It can be
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seen from the table that the minimum temperature of the
ground is 9.88 °C when H=2.0m. Though the temperature is
the lowest for all models, it still can satisfy the requirement for
the growth of most crop roots. When H=4.5m, the minimum
temperature of the ground is 10.33 °C, only 0.45 °C higher than
that at H=2.0m, which is not obvious. This temperature range
can meet the requirement for the growth of most crops.
Through the CFD numerical analysis, it can be concluded
that the heat preservation effects of the greenhouse models
with different wall heights are not very different, so it is
obvious that reducing the height of the wall does not affect the
insulation effect much, and at the same time it can save land
resources and improve agricultural production efficiency.

4. CONCLUSION

(1) Through the greenhouse temperature experiment, it can
be concluded that the inner wall temperature of the greenhouse
is affected by the external temperature. When the solar
radiation maintains a certain intensity, the soil wall can absorb
the heat, and keep the wall temperature at a high level.

(2) Based on the research data, it can be concluded that the
greenhouse temperature near the canopy is low, due to the heat
exchange with the outside, and away from the ground and wall
heat sources. When the height of the back wall is reduced, the
insulation effect is better than the original size (4m), because
with the decreasing height of the greenhouse ridge, the heat
dissipation rate slows down, making the overall temperature
in the greenhouse higher.

(3) When the wall thickness is increased to a certain extent,
continue to increase the thickness will not increase the indoor
temperature greatly, but will make more land waste.
According to the experiment and the CFD theoretical analysis,
it is suggested that the optimal size of the back wall in a solar
greenhouse be as follows: H=2.5m (height), B=3.5m (bottom
thickness) and b=1.5m (upper thickness).
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