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Effects of Wind Regime and Vent Configuration on Microclimate
in Tunnel Greenhouses in Summer
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Abstract. The effects of vent configuration and wind regime on the microclimate in the tunnel greenhouse
were numerically investigated. A full scale computational fluid dynamics model ( CFD model ) was
constructed based on a tunnel greenhouse cultivated with water spinach in eastern China. The model was
firstly validated by comparing CFD simulations with experimental temperatures. The simulations had
similar trends to those of the experiments with less than 1. 1°C of difference. It was then employed to
investigate the greenhouse airflow and temperature patterns with different vent configurations, evaluate the
effect of vent configuration on the ventilation rate, temperature difference between inside and outside, and
the inside climate homogeneity, and reveal the greenhouse microclimate mechanism with different wind
regimes. Simulations showed that different vent configurations induced different inside microclimate
patterns and ventilation performances. The roof plus side opening provided the highest ventilation rate,
the minimum temperature difference and a relatively uniform indoor climate, and thus can be
recommended for summer ventilation. Wind regime had a significant impact on the airflow and
temperature patterns in the greenhouse, which considerably affected the cooling performance and the
indoor climate homogeneity. With the weather conditions of high temperature and low wind speed,
thermal driven ventilation played a remarkable effect on the greenhouse microclimate. The roof and side
opening can improve greenhouse cooling performance remarkably and reduce air temperature in crop
canopy effectively.
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Tab.2 Material optical and thermal parameters
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(4, August, 2010)
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(29, August, 2010)
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Tab.3 Comparisons of experimental and numerical
air temperatures in greenhouse C
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Tab.4 Comparisons of experimental and numerical

air temperature in greenhouse
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wind speeds and vent configurations

TS AW T ORI ERE T =R R =
AR S, ATRLE W, AR E RE T
2 AR S PSR AN TR A o 2 T 3 KU i
A SR R 1 2 20 PR 4R A B T A 2 RO
T 5 24000 7 3 XU 4 s B R A Y 2 2 T
PREJA I H A 2 Fof 57 5 24 TOOAM o e AU, e
(e R A LR B el 1 DS N R VR
o TR 9 0 3 X R R R S s R
fERL

x5 IHAFTRE TEEENBERESEHN S EITME

Tab.5 Climate homogeneity performance evaluation in crop canopy with three different vent configurations
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Fig.6 Temperature patterns in greenhouse at different wind

speeds with wind direction parallelled to greenhouse orientation
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