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Abstract. Because the inner environment of greenhouse has a direct impact on crop production, many studies have been
performed to develop technologies for controlling the environment in the greenhouse. However, it is difficult to apply
the technology developed to all greenhouses because those studies were conducted through empirical experiments in
specific greenhouses. It takes a lot of time and cost to develop the models that can be applicable to all greenhouse in real
situation. Therefore studies are underway to solve this problem using computer-based simulation techniques. In this
study, a model was developed to predict the inner environment of glass greenhouse using CFD simulation method. The
developed model was validated using primary and secondary heating experiment and daytime greenhouse inner
temperature data. As a result of comparing the measured and predicted value, the mean temperature and uniformity were
2.62°C and 2.92%p higher in the predicted value, respectively. R* was 0.9628, confirming that the measured and the
predicted values showed similar tendency. In the future, the model needs to improve by applying the shape of the
greenhouse and the position of the inner heat exchanger for efficient thermal energy management of the greenhouse.
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Fig. 1. Glass greenhouse.
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Fig. 2. Location of thermocouples.
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Fig. 3. Geometry of greenhouse.

(a) Greenhouse

(b) Cross section of radiating pipe

Fig. 4. Mesh of greenhouse.
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Table 1. Conditions of solar calculator.
Type Value
Longitude (°) 127.75
Latitude (°) 37.87
Greenwich Mean Time +9
Date 22 of Nov. at 1 PM

Table 2. Each case for simulation.

experimental data Mass flow rate of hot water (kg/s) Solar load model Heat exchanger

Case 1 1* heating experiment 1.42 X 0]
Case 2 2" heating experiment 142 X (¢}
Case 3 daytime greenhouse inner temperature X (¢ X

Table 3. Material property and Boundary conditions for the simulation.

Material P Value
erial 10
perty Case 1 Case 2 Case 3
. Temperature (K) 293.15 291.47
Inlet air
Mass flow rate of FCU (kg/s) 243 283.85
Outlet air Temperature (K) 291.20 284.95
Temperature (K) 32421 322.70
Inlet water
Mass flow rate (kg/s) 1.42 1.44 284.99
Outlet water Measured value 322.50 320.69
Thermal conductivity (W/mK) 44
) ) o Density (kg/m’) 7860
Galvanized steel pipe [radiating pipe] .
Specific heat (J/kg.K) 648.95
Heat transfer coefficient (W/m™K) 50
Thermal conductivity (W/mK) 0.45
Soil Density (kg/m’) 2000
oi
Specific heat (J/kg'K) 0.44
Temperature (K) 277.55
Thermal conductivity (W/mK) 0.93
Density (kg/m’) 2100
Glass .
Specific heat (J/kg.K) 837.36
Heat transfer coefficient (W/m*K) 70
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Table 4. Comparison of measured values with predicted values for the case 1, 2, 3.

T Case 1 Case 2 Case 3
vpe Measured Predicted Measured Predicted Measured Predicted
Ambient air temp. (°C) 7.80 7.80 -0.12 -0.12 10.04 10.04
inlet water (°C) 51.06 51.06 49.55 49.55 11.84 1184
outlet water (°C) 4935 49.85 47.54 43.07 10.54 '
Flow rate of water (kg/s) 1.42 1.42 1.44 1.44 - -
Irradiation (W/nr) - - - - 480.56 480.56
Point 1 (°C) 17.25 19.45 10.65 13.45 31.03 34.35
T Point 2 (°C) 17.61 18.35 11.06 13.55 30.63 33.45
0
P Point 3 (°C) 17.53 19.45 10.98 13.45 30.28 33.75
Point 4 (°C) 17.37 19.65 10.93 12.95 29.83 33.85
Point 5 (°C) 15.63 19.85 8.64 13.95 20.97 22.95
Point 6 (°C) 16.58 18.35 10.27 14.06 20.49 21.85
Bottom
Point 7 (°C) 16.66 19.65 9.36 14.35 23.44 22.55
Point 8 (°C) 16.90 19.95 10.06 13.05 21.81 22.55
Average (°C) 16.94 19.34 10.24 13.60 26.06 28.16
AT wax (°C) 1.98 1.60 242 1.40 10.54 12.50
UF (%) 96.13 96.70 91.50 96.4 81.70 78.40
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Fig. 5. Coefficient of determination between measured and predicted value.
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Fig. 6. Temperature distribution from the simulation for Case 1, 2, 3.
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Fig. 7. Streamline from the simulation for Case 1, 2, 3.
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