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Prediction model on air temperature in large-span greenhouse
with different orientation based on CFD

FANG Hui''?, YANG Qichang'?*, ZHANG Yi"?, CHENG Ruifeng'?,
ZHANG Fang'?, LU Wei'?, LIU Huan'?
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China;

2. Key Laboratory of Energy Conservation and Waste Management of Agriculture Structures. Ministry of Agriculture, Beijing 100081, China)

Abstract  In order to increase land utilization efficiency and decrease the necessary distance between two adjacent
greenhouses to prevent shading, a south-north large scale greenhouse was designed to substitute conventional east-
west direction greenhouse. To assess the performance of the newly designed greenhouse, a prediction model on
temporal and spatial variations of air temperature based on the computational fluid dynamics (CFD) technique was
established. Discrete ordinates (DO) radiation model was used to simulate the radiation heat transfer in greenhouses.
Solar radiation values were calculated by solar ray tracing method. In order to validate the effectiveness of the
prediction model, the spatial and temporal distribution values of air temperature were measured and compared with the
simulated data. The results showed that the errors between simulated and measured air temperature at the observation
points varied from 0.3 to 2.0 C and the predicted values matched the measured values. The validated CFD model was

then used to further analyze the temperature differences in new type greenhouses with south-north and east-west

Wi B . 2016-09-29

HETH: ERARBEESTH (51508560) 5 AFH <8637 1 R R (2013AA102407)

B—AEH . L BEPEE B FENGIRE AL 5T, E-mail : fanghui@ caas. cn

WINVER . B HA BT 0L 1 2R 0, 3228 DA SR it FEl 219 B AF Y » E-mail : yangqgichang @ caas. cn



134 R D N

2017 4 55 22 %

direction at different time. The simulation results showed that the average indoor air temperature difference in both

greenhouses was very small at 10:00 am and 14:00 pm. It was because the sun zenith angle is small during the morning

and afternoon, meaning that the solar incident angle is big,and the solar radiation transmissivity is small at 12.00 am.

The air temperature in south-north greenhouse was 2.8 C higher than in the east-west greenhouse at 12.00 am.

Relative standard deviation (RSD) was also used to evaluate climate uniformity based on the air temperature

distribution. The RSD values of 6 combination scenarios were calculated. The study showed that the south-north

greenhouse had lower RSD values compared to the east-west greenhouse meaning more climate uniformity of the south-

north greenhouse.
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