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W O E ARZHD I AREREE WAL AR+ RS 5 A4+ (Computational fluid dynamics, CFD) &
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Simulation and optimization of the air flow and temperature in
plant factory with artificial light based on CFD

LIU Huan, FANG Hui, CHENG Ruifeng” , YANG Qichang
(Institute of Environment and Sustainable Development in Agriculture/Key Laboratory of Energy Conservation and Waste Management of

Agriculture Structures of Ministry of Agriculture, Chinese Academy of Agriculture Sciences, Beijing 100081, China)

Abstract 3D model of air ventilation and circulation system was designed to improve the velocity and temperature
value and their uniformity in plant factory. CFD (Computational fluid dynamics) was applied to create a three-
dimensional model and the whole plant factory was divided into grids and simulated. CFD model was validated through
experimental data comparison of the distribution of air flow and temperature. The maximum absolute error, average
relative error and root mean square error of wind speed and temperature were 0.12 m/s,1.1 C;11%.,4% ;0.18 m/s,
1.3 C . respectively, which showed that simulation was accurate. Three cases were studied and compared in this
study. The results showed that improve the velocity and temperature value and their uniformity were improved in all
three optimized models compared with control. By comparing wind speed and temperature value of plant canopy
surface, the average wind speed increased by 0.51 m/s, the coefficient of variation (CV) reduced by 17% and the
average temperature reduced by 0.5 C ,was the best air circulation system. This study provided theoretical basis for
the design of air circulation system in plant factory.
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Fig.1 Schematic diagram of experimental plant factory
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Fig. 3 Grid model of plant factory of sections of X=1.15 m (a) and Z=1. 60 m (b)
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Fig. 4 Velocity magnitude countours of sections of Z=0.70,2.50 m (a) and
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Fig. 6 Comparison between measured and simulated air velocity (a) and temperature (b) values in plant factory
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Fig. 7 Various cases for the optimal ventilatin design in the plant factory
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Fig. 8 Contours of air velocity (a) and temperature (b) of different sections in Case 1
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Fig. 9 Contours of air velocity (a) and temperature (b) of different sections in Case 2

T8 3. Rk b SR BR R rh L AR R
ZRVE PR DX T A B 4 A [l U R (10
(a)) o fh T 0 KU B2 50 /1N G XU i RAEL 0. 59 m/'s,

2.5 K3 /(m/s) Velocity

SEHIMH 0,39 m/s d/ME 0. 14 m/s 7€ 3 DT %R
HREE iR/ /T 0,30 m/'s B RGE E40 HE R 29 %6 .7 3
DB B F RECN 34% ¥ oy (R D,

25 VRJE/K Temperature

301
B
- %0
1.0 296
0.5 295

0

1.0
2.0 3.0
¥ 2040

(b)
E10 FE3IAEBHEREZE (a)F1BEZE(D)

Fig. 10 Contours of air velocity (a) and temperature (b) of different sections in Case 3
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Table 1 Comparison of air velocity value in plant canopy surface in different air circulation systems
SAWERAERX mRE/  w/ME/ CFHE/ H4r#/ % Percentage 5 R Y
Air circulation (m/s) (m/s) (m/s) Coefficient of
system Maximum Minimum  Average <(0.3 m/s 0.3~1.0 m/s >1.0 m/s variation
7574 0 Case 0 0.41 0. 00 0.16 91 9 0 57
J57% 1 Case 1 1.18 0.21 0.67 5 82 13 40
J % 2 Case 2 1. 18 0.18 0. 64 11 76 13 43
J57% 3 Case 3 0.59 0.14 0. 39 29 71 0 34
2 ARASHREAEAEYEEFTERE
Table 2 Comparison of air temperature in plant canopy surface in
different air circulation systems C
AE R ISONI Hw/ME A
Air circulation system Maximum Minimum Average
J57% 0 Case 0 25.2 22.8 23.6
J7Z 1 Case 1 25.3 22.5 23.2
7% 2 Case 2 25.0 22.5 23.1
J57% 3 Case 3 23.9 22.5 22.9
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