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Figure 1 ~ Structural diagram of double-film solar greenhouse
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Table 1  Acquisition of instrument sand parameters

A7 B R LURES B4 e *
R/ C —40~60 +0.2
EHh NI S A W HOBOU30/NRC W/ (Y% RH) 0~100 +2.5
KBHAE 4 5/ (W-m™?) 0~1 280 +10
g/ C —20~85 +0.3

23T A I FLEX1000TH
/(% RH) 0~100 +2
EXD N ) R /C —40~80 +0.5

- 8 R A R MS10

TIKE/ Y 0~100 +3
K PH A8 4 59 1% Bt YJ—SR100 KA BEH S/ (W-m™?) 0~1500 +10

E2 HEHEE

Figure 2 Lay out the cross-sectional view

® 2 UL LR
& G A RS

[ 3m T
B3 ERBHAEER

Figure 3 Sensor layout diagram
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Figure 4 Changes in outdoor temperature and humidity in solar

greenhouses
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Figure 5 Changes in outdoor solar radiation in solar greenhouses
2.2 EXNERREESN
2.2.1 A A A SRR R U A RE O 1) A 72 A R

RUZ B H JE IR AR P KR EZJ7 1 A B.C.D.EJt
5 A A IR A BT Y e )2 DX AN () I 8] PN ST 4738 B
- SN I E R A A B i PR 6 AN IAT 7 TR 5 A T
IR SR YA SR PO R R (W SR PN ST G S PN
FH 4 S 728 A LR AT AR DR A A M . i S B A
BB R, F R R T T, B )R EE R B P A
24 WA B H R BLAE 13:00—15:00 1A,
T S5 AT B AE 8:00—9: 00 I Ih) o v, AN [ )
TE ) it B2 P T T 4 A2 14 O B e S 3 LA [ A A —
22 5, A VE THT DR I3 A 54 30 20 K R A S L a0 L
G X IR, WO AR RS R RO R A B i
C T 2 32 2K FH 5 55 I 1) i LS8 Pl e oK, e 1 K L
R

35r

Affif
3or i - BIif ;*"-]i‘
25k -~ CH §
" ::}1; DIl M
220t o —em f\
= i\ 4
o 15} R [
10p Z :“a&\ 1‘&_\‘%
5 \'\\:.51 i’*’-‘-::,&&g .}h
[

21 FORT 2T T20F 3T R 240 226 12T 22 24
F 9t (8]
Boe HKEABSBETHRETWME
Figure 6 Average temperature curve of each section along the
length direction
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Figure 7 Average humidity curve of each section along the
length direction
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Figure 8 Average temperature curve of each section along the

span direction
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Figure 9 Average humidity curve of each section along the

span direction
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Figure 10  Average temperature curve of each section along the
height direction
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Figure 11  Average humidity curve of each section along the

height direction
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Figure 12 Variation curves of average soil temperature in each
section in the length direction
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Figure 13 Variation curves of average soil water content in each
section in the length direction
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Experimental study on the indoor heat and humidity
environment of a double—film solar greenhouse in
severe cold weather

WANG Weiming', TA Na', LIU Kunyu?, ZHEN Qi °®

(1. College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. Institute of Grassland Research of the Chinese Academy of Agricultural Sciences, Hohhot 010010, China; 3. College of
Energy and Transportation Engineering , Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: With the continuous advancement of facility agriculture, the application of solar greenhouses in northern China is
becoming increasingly popular, and double-film solar greenhouses, as an effective agricultural facility, have significantly
improved the crop growth environment. This study focuses on double-layered film solar greenhouses in cold and arid northern
regions under frigid weather conditions. January 21st and 22nd, the two days with the lowest average temperatures in January
2024, were taken as the research object, and the thermal insulation performance of the greenhouse and the temporal and
spatial variation of the internal thermal and humid environment under severe cold weather conditions were discussed through
the analysis of its internal thermal and humid environment. The study shows that the double-film solar greenhouse can
maintain a relatively stable indoor temperature and humidity in the severe cold weather after heavy snowfall, which greatly
improves the growth environment of winter crops. The internal temperature of the double-film solar greenhouse showed three
stages, including the heating stage accompanied by the rising sun, the rapid cooling stage after noon, and the slow cooling
stage at night. The warming phase accompanied by the rise of the sun gradually decreased from east to west along the east-
west length direction, from south to north along the north-south span direction, and gradually decreased from high to low
along the vertical height direction. In the slow cooling stage after noon, the temperature gradually decreased from west to east
along the east-west length direction, from north to south along the north-south span direction, and gradually decreased from
low to high along the vertical height direction. Relative humidity also showed a three-stage periodic variation law, and the
specific change was negatively correlated with the temperature variation law. The spatial distribution of soil temperature

decreasing from the middle to the east and west along the length direction also showed a decreasing spatial distribution. The
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span direction decreased from the middle to the north and south, and the temperature of the north wall area was higher than
that of the southern front foot. In the vertical direction, the temperature fluctuation decreased with the increase of depth,
indicating that the underlying soil had stronger thermal stability. The results show that the double-film solar greenhouse can
also keep the planting area not lower than 3. 61 °C in extreme weather, and the stable cultivation conditions of the ambient
temperature of the planting area higher than 5 °C in winter. The results of this study further reveal the characteristics of the hot
and humid environment of the double-film solar greenhouse under severe cold weather conditions, and provide a scientific
basis and data support for the precise regulation of environmental factors in the greenhouse.

Keywords: facility agriculture; severe cold weather; double-film solar greenhouse; hot and humid environment;

environmental factors
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