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Abstract. Evaporative cooling pad system is one of the main cooling methods in gréenhouses and its effi-
ciency is very high. However, it has some disadvantages such as greenhouse temperature distributions are
not uniform and installation cost is expensive. In this study, a CFD simulation model for predicting the air
temperature distribution in the fan and pad cooling greenhouse was. developed. The model was calibrated
and validated against experimental data and a good fit was obtained. The influence of different outside wind,
fan and pad height, ventilation rate, shading, and greenhouse length, were then examined. In order to reduce
the internal temperature gradients, it is desired that the prevail wind direction and the fan and pad heights are
considered. The simulation indicates that high ventilation rates and shading contribute to reduce the temper-
ature gradients in the fan and pad cooling greenhouse. In order to maintain the désired greenhouse temper-
ature, the pad-to-fan distance should be restricted according to the design climate conditions, shading and
ventilation rates. The developed CFD model can be a useful tool to evaluate and desngn the fan and pad sys- .
tems in the greenhouses with various configurations.
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Fig. 1. Mesh of an experimental greenhouse for simulation.
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Table 1. The basic components of the CFD model

Classification Setting of Method
Solver Segregated solver, 2-D space, Implicit
formulation
Absolute velocity, Steady state analysis
Energy equation Activated
Viscous model Standard k-e model, Full buoyancy

effects

Discrete Ordinates model
Boussinesq model

Inactivated

Generally recommended values

Radiation model
Buoyancy effect
Other options
Model parameters
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Fig. 3. An example of measurement for temperature gradi-
ents between fan and pad in greenhouse.

Table 2. Input conditions for the calibration of CFD model

Input variable (unit) Values

Dry bulb temperature of outside air (°C) 34.0
Relative humidity of outside air (%) 33.1
Outside solar radiation (W - m?) 890
Wind speed of inlet air (m - ) 2.4
Wind direction (degree from x-axis) 0

Transmissivity of greenhouse cover (%) 75

Ventilation rate (air exchanges per min) 091
Efficiency of pad cooling system (%) 54.0

0 2 4 6 8 10
Measured value (C)

Fig. 4. Predicted and measured values for the temperature
rise according to distance from pad.
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Table 3. Simulation conditions for application of the devel-
oped model

B

Input variable (unit) Values
Dry bulb temperature of outside air (°C) 35.0
Relative humidity of outside air (%) 50.0
Outside solar radiation (W * m?) 950
Wind speed of inlet air (m - s7') 24
Wind direction (degree from x-axis) 0,180
Transmissivity of greenhouse cover (%) 70
Ventilation rate (air exchanges per min) 1.0
Efficiency of pad cooling system (%o) 75.0
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Fig. 5. Effect of outside wind on temperature gradients in
the fan and pad cooling greenhouse.

8
5 70 ///
$ e
— - Pt
[ G //
25 | s
[ -
é 4 - ///
© 2 S
% 3 S e = = LowPad-LowFan -
£ o > \— LowPad-HighFan |
& 1 £z A._‘..‘..;—“ HighPad-LowFan ;
- HighPad- HighFan!
o . L e T
0 4 8 12 16 20 24 28

Distance from pad {m)

Fig. 6. Effect of fan and pad location on temperature gradi-
ents in the fan and pad cooling greenhouse.
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Fig. 8. Effect of shading on temperature gradients in the fan
and pad cooling greenhouse.
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