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Abstract: Maintaining uniform temperature in the
greenhouse environment is a key factor in plant growth and
in rising production efficiency. Temperature non-uniformity
can lead to thermal stress, reduced product quality, and
increased energy consumption. In this study, the effect of
various climatic and geometric parameters on temperature
uniformity in a greenhouse was investigated using
computational fluid dynamics numerical simulation. To
create an accurate microclimate model, processes such as
airflow, solar radiation, radiation model, plant transpiration,
and porous media characteristics were considered in the
design. The proposed model was validated based on
experimental data. The average difference between
numerical and experimental results was reported to be only
8.4%, indicating the high reliability of the simulation. Next,
the effect of three different heights of 4.2, 6.5, and 8.5 meters
was studied. The average temperature in the three
greenhouses were 37.60, 38.79, and 39.15 degrees Celsius
respectively. One of the most important indicators in this
case was the temperature change coefficient index. The
results in the 6.5-meter greenhouse showed the lowest
temperature change coefficient index, which is 2.96. This
geometric change significantly improved the temperature
distribution of the interior space, reduced temperature
gradients in critical areas, and better maintained optimal
conditions for plant growth. Findings indicated that this
simple solution had the potential to increase plant yield by up
to 30% and significantly reduce energy consumption.
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Extended Abstract

Ensuring a uniform temperature throughout the
greenhouse is a significant factor for crop health,
yield, and energy efficiency. Vertical and horizontal
temperature gradients produce plant stress, lower
product quality, and increase heating/cooling energy
demand. This study quantified how greenhouse roof
height influenced microclimate uniformity, ventilation
performance, and potential crop-yield gains, using a
validated computational fluid dynamics (CFD) model
that included radiation, plant transpiration, and
porous-crop effects.

Materials and Methods

A three-dimensional CFD model of a fan-and-pad
evaporative-cooled greenhouse was simulated in
ANSYS Workbench/FLUENT, and it was validated
against experimental data from investigation of
Sapounas et al. The computational domain
represented a greenhouse with dimensions of L = 15
m, W =8 m and three various heights of 4.2 m, 6.5 m,
and 8.5 m. In the numerical solution, the steady flow
Navier-Stokes equations and the k-e turbulence
model were solved. The Discrete Ordinates method
was used to model radiation. Plant transpiration was
applied based on the FAO-56 equation in the porous
space of the plant with a porosity of 20%

Results

The results demonstrated that the average air
temperatures inside the greenhouse at the heights of
4.2, 6.5, and 8.5 meters were 37.60, 38.79, and 39.15
°C respectively. With increasing greenhouse height,
the warm layer near the roof became thinner and the
temperature of the areas under the greenhouse roof
were more homogeneous. The coefficient of variation
(CV) index at a height of 6.5 meters was 2.96%, while
it was 3.13% for the other two cases. The pressure
distribution inside the greenhouse was more uniform
for higher altitudes, and simulations displayed that
under optimal conditions, greenhouse production can
be increased by up to 30%, and significant energy
savings can be achieved.

Discussion and Conclusion

Increasing the height of the greenhouse is an effective
geometric solution to reduce temperature gradient and
improve the uniformity of the temperature. In general,
a height of 6.5m provides the best average
temperature uniformity. Rising the height of the
greenhouse increases the average temperature inside
the greenhouse. At a constant fan flow rate, if the
height of the greenhouse becomes shorter, thermal
stresses and local temperature fluctuations will be
increased. It is, thus, recommended that the height of
the greenhouse be optimized along with the
greenhouse ventilation capacity and roof openings to
suit the coverage.
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