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Thermo-fluid analysis of a greenhouse by considering solar irradiation
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Department of Mechanical Engineering, Graduate University of Advance Technology, Kerman, Iran
*P.0.B. 7631133131, Kerman, Iran, k.lari@kgut.ac.ir

ABSTRACT

Greenhouse cultivation offers more product than traditional manufacturing. Air conditioning is one of the most important tools for climate control
inside the greenhouse. In this study, HVAC in a greenhouse through the thermal and fluid flow analysis of a cavity containing air under greenhouse
conditions have been carried out using computational fluid dynamics techniques. In this cavity, coupled natural convection and radiation heat transfer
occurs. The medium inside the cavity is considered as a gray participating medium without scattering. The upper wall of the cavity is semi-transparent
that is affected by direct and diffuse solar radiation. To analyze the two-dimensional and steady state flow, Navier-Stokes equations are used by
taking constant viscosity. Discretization of governing equations is done using finite volume method and the discrete ordinates method is used to
model the radiative transfer equation. Results for temperature and streamline distributions, the velocity at the centerlines and the Nusselt numbers at
the walls are provided. The results show that with increasing Rayleigh number, the increase in radiation heat transfer is more significant than
convection.

Keywords: Computational fluid dynamics, Participating media, Discrete ordinates method, Solar radiation
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Fig. 1 Temperature distribution for (a) 10*, (b) 10°, (c) 10°
Rayleigh numbers
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Fig. 2 Streamline for 10° Rayleigh number
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Fig. 4 V-velocity along horizontal centerline
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Fig. 3 U-velocity along vertical centerline
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