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Effects of Circulation Fans on Temperature and Humidity Distribution Characteristics in a
Double-layer Solar Greenhouse during Winter Using CFD Method

ZHAO Shengji',ZHEN Qi'*,Tana """, YAN Caixia'’
(1. College of Mechanical and Electrical Engineering , Inner Mongolia Agricultural University , Hohhot 010018, China ;
2. College of Energy and Transportation Engineering , Inner Mongolia Agricultural University , Hohhot 010018, China )

Abstract: During winter, double-layer solar greenhouses operating under closed conditions often exhibit temperature stratification
and humidity layering, which adversely affect the crop growth and heat utilization. In this study, a double-layer solar greenhouse lo-
cated in Hohhot, Inner Mongolia, was selected as the research object. A three-dimensional CFD model incorporating radiation, spe-
cies transport, and porous media was established based on field-measured data to simulate the temperature, humidity, and airflow
characteristics under three operation modes, i. e. , without fans, with a single fan, and with two fans. The results showed that pro-
nounced thermal and humidity stratification existed inside the greenhouse, while the installation of circulation fans effectively en-
hanced internal air mixing and improved the uniformity of temperature and humidity in the crop canopy zone. When one fan was oper-
ated, the temperature and humidity ranges decreased by approximately 9. 3% and 11. 5%, respectively. With two fans running, the
coefficients of variation for temperature and humidity in the canopy zone further decreased, and the overall uniformity improved by
about 15. 0%. The fan operation had little effect on the mean temperature but significantly optimized the microclimate distribution.
These findings demonstrate that internal circulation fans can effectively improve the uniformity of the greenhouse microclimate while
maintaining overall thermal stability, providing a theoretical basis for optimizing the layout and operational parameters of circulation
fans in solar greenhouses in cold regions.

Key words : Double-layer solar greenhouse ; CFD ; Fan operation ; Temperature and humidity uniformity ; Internal air circulation
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Fig. 1 Experimental solar greenhouse
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Fig. 2 Schematic diagram of sensor monitoring sections in

the experimental greenhouse
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Fig. 3 Layout of measurement points on vertical sections
inside the greenhouse
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Fig. 4 Geometric model and perspective view of the greenhouse

2.2.2 MA&X 4

F| FH Ansys Meshing #5234 73 1 5 3 () 4%, 4n
&5 B8 o S5 4 Ak A% 35 S LA 7 T = 4R 45
Fa A A G T A RN 7S TREA , B B0 T 4546 4k I A%
A SRR, AT AT AN 00 9 5 42, e 08 T 47 b b
PRI A5 ) 3 SRR 2 PR AR SRS Kl 43
AR ARG A AL RAK , I X 0 BRI LS 5 S
HLJE] Bl X s A7 Ry F i % o e R 43 58 LS 3 i
A% o7 B, HEAT AR S PEAG 5

FE H IR 2 P90 18 IR 25 b 1T = 2 2. 0 m BB
PUsE 12,5 m B 1) — SR 4R . FEIZ L L AEE
TEH 100 />0 5 A5, % AN [] o A% 25 i 1330 120 000 i
TS S HNE 6 TR, B AR H R S (4 A

Es5 MiExls
Fig.5 Mesh generation

SERARZE R, 78 WA Bl Ry 262 JT I, R EE AR AL iR
FEAREE T 315 T /N T 5% I A I 4% i K A R
0. 701, Fe/INEAS it 4y 0. 298, Wk i f 4b T 7] 432
TN . PR TR AS B Rt | i A
2 620 522 P A% F R LRk 5 B



5 6 1]

BB BB WR, AR LT CFD BXUZ B H 't 2 A AR PR AL et 1 B2 23 A R R e A A5

63

- = MR HE: 125 394 —— RS HCE: 2620 522

— = RER: 1961 576 = FHH B 3154 583

Bo6 &I EMEIEIE

Fig. 6 Mesh independence verification
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Table 3 Thermal physical parameters of materials in the
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Fig. 7 Comparison between simulated and measured temperature
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Fig. 8 Comparison between simulated and measured humidity
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Fig. 9 Temperature distribution at different sections under natural (non-fan) condition
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Fig. 10 Humidity distribution at different sections under natural (non-fan) condition
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Fig. 11 Temperature distribution at different sections with one fan operating
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Fig. 12 Humidity distribution at different sections with one fan operating
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Fig. 13 Temperature distribution at different sections with two fans operating
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Fig. 14 Humidity distribution at different sections with two fans operating
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Fig. 15 Airflow vector distribution on the central vertical section under three operating conditions
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