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Abstract To investigate the influence of multi-layer coverage on the typical seasonal thermal performance
of large-span greenhouse, a double-film large-span greenhouse model was constructed based on
computational fluid dynamics (CFD) model. The distribution law of the internal heat environment in the
greenhouse under two extreme environments of no wind in summer and wind in winter was investigated and
were then compared and analyzed with the thermal environment distribution of a single-film greenhouse.
The results show that: The constructed CFD model accurately represents the temperature distribution inside

the double-film large-span greenhouse, with an average relative error of 1.53% and a root mean square
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error of 0. 75. During summer conditions, the double-film large-span greenhouse shows higher temperature
accumulation in the buffer area, leading to an average temperature of about 1 °C higher than that of the
single-film greenhouse. Moreover, during winter conditions, the double-fiim large-span greenhouse
achieves a larger winter difference inside and outside, with an average temperature 5.1 °C to 10.6 °C

higher than that of the single-film greenhouse. To sum up, the double-film large-span greenhouse is more
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suitable for the climatic environment of the Shouguang area.
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Table 1 Thermal physical parameters of greenhouse materials
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Material Specific heat capacity o o o Emissivity
conductivity coefficient coefficient
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Hi B Plastic film 1465 0.34 0.2 0 0.85
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Fig. 1 Layout of air temperature measurement points of

z=22.5 m section in double-film greenhouse
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Fig. 2 Monthly average air temperature and wind speed in Shouguang region
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Table 2 Meteorological data outside the greenhouse

H 1 I 221 I /°C A/ (m/s) WU /€7 K BA 5 2/ CW /m®)
Date Time Temperature Wind speed Direction Solar radiation
8:00 32.3 0 — 333.8
8H4H 12:00 35.5 1.1 270 546.7
16:00 37.2 1.0 225 158.0
9:00 —4.2 2.0 157 212.9
124 22 H 12:00 —2.3 2.9 157 433.2
15:00 —2.6 3.3 157 216.6
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I AU Simulated
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Fig. 3 Measured and simulated air temperature in double-film greenhouse
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Fig. 4 Cloud chart of temperature distribution of double-film greenhouse with different sections and different times in summer
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Fig. 5 Cloud chart of temperature distribution of single-film greenhouse with different sections and different times in summer
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Fig. 7 Cloud chart of temperature distribution of double-film greenhouse with different sections and different times in winter
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Fig. 8 Cloud chart of temperature distribution of single-film greenhouse with different sections and different times in winter
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