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Experimental and numerical investigation of fluid carrier shading behavior in
greenhouses
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Abstract

Greenhouse refers to a confined space with controlled environmental conditions for growing plants in different seasons
of the year. Conventional coverings in greenhouses are glass, plastic and polycarbonate. Advantages of polycarbonate
coating are its lower cost and lighter weight than glass. Its high resistance has also led to its increasing demand as a
coating in the greenhouse industry. Shading is one of the most common ways to control the incident sunlight in
greenhouses. It is imperative to use appropriate shading in the greenhouses of the country, as Iran is located in warm
and arid climate. In this study, the performance of a novel active fluid injected shading system was investigated
experimentally and numerically. In this shading system a suitable fluid (e.g. water) is injected through the ducts of
polycarbonate plates, using a suitable pump. By appropriated selection of the inserted fluid and also incorporating
suitable nano particles the thermo physical properties of the fluid is changed and hence can be used as either shading or
thermal blankets in greenhouse. In order to validate the numerical model of the shading system, the results of the model
were compared with the experimental results. Studying the hydraulic parameters such as fluid pressure and velocity
inside the duct can be very useful in designing the correct shading in greenhouses. The computational fluid dynamics
(CFD) method and the standard k-¢ turbulence model were used to simulate turbulent flow inside the polycarbonate
ducts. The comparison between the experimental and numerical results, the difference was below 5% between the
experimental and numerical data pressure drop. The pressure drop between the inlet and outlet of ducts for the applied
flow rate was 3750 Pascal. The maximum velocity across the section of ducts was 0.96 m s™. It was concluded that
computational fluid dynamics could successfully simulate the behavior of the fluid shading system and can be used for
further investigation and development.
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