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Abstract. In this study, based on the Computational Fluid Dynamics (CFD) simulation model developed through
previous study, inner environmenct of the modified glass greenhouse was predicted. Also, suggested the optimal
shape of the greenhouse and location of the heat exchangers for heat energy management of the greenhouse using the
developed model. For efficient heating energy management, the glass greenhouse was modified by changing the
cross-section design and the location of the heat exchanger. The optimal cross-section design was selected based on
the cross-section design standard of Republic of Korea's glass greenhouse, and the Fan Coil Unit(FCU) and the
radiating pipe were re-positioned based on “Standard of greenhouse environment design” to enhance energy saving
efficiency. The simulation analysis was performed to predict the inner temperature distribution and heat transfer with
the modified greenhouse structure using the developed inner environment prediction model. As a result of simulation,
the mean temperature and uniformity of the modified greenhouse were 0.65°C, 0.75%p higher than those of the
control greenhouse, respectively. Also, the maximum deviation decreased by an average of 0.25°C. And the mean age
of air was 18 sec. lower than that of the control greenhouse. It was confirmed that efficient heating energy management
was possible in the modified greenhouse, when considered the temperature uniformity and the ventilation
performance.

Additional key words : computational fluid dynamics, cross-section design, heat exchanger, mean age of air,
microclimate
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Fig. 1. Schematic of radiating pipe in the greenhouse.
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Fig. 2. Cross-section of greenhouse.
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Fig. 3. Location of circulating fan in the greenhouse.

Table 1. Classification of simulation cases.

Modified Velocity of flow” (m/s)  Solar load model Heating system Ventilation system
CASE 1 X 0.1 X (0] X
CASE 2 (0] 0.5 X (0] X
CASE 3 (0] 1.0 X (0] X
CASE 4 X X (0] X (0]
CASE 5 (0] X 0] X (0]

*Velocity of flow of water in the radiating pipe.
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Table 2. Result of cross-section design in greenhouse.
Roof slope (°)
Eaves height (m) 21 22 23 24 25
H (m) 3.80 3.89 3.98 4.07 4.16
21 RAV 0.71 0.70 0.69 0.68 0.67
Ry 0.47 0.47 0.47 0.46 0.46
Rp 2.11 2.13 2.15 2.16 2.18
H (m) 3.90 3.99 4.08 4.17 426
22 RAV 0.72 0.71 0.70 0.69 0.68
Ry 0.46 0.46 0.46 0.45 0.45
Rp 2.16 2.17 2.19 221 222
H (m) 4.00 4.09 4.18 427 436
23 RAV 0.73 0.72 0.71 0.70 0.69
Ry 0.45 0.45 0.45 0.44 0.44
Rp 2.20 221 2.23 2.25 2.27
H (m) 4.10 4.19 4.28 437 4.46
24 RAV 0.74 0.73 0.72 0.71 0.70
Ry 0.45 0.44 0.44 0.44 0.43
Rp 224 2.26 227 2.29 2.31
H (m) 420 4.29 4.38 447 4.56
25 RAV 0.75 0.74 0.73 0.72 0.71
Ry 0.44 0.44 0.43 0.43 0.43
Rp 228 2.30 231 2.33 235
H (m) 430 4.39 4.48 4.57 4.66
26 RAV 0.75 0.74 0.73 0.73 0.72
Ry 0.43 0.43 0.42 0.42 0.42
Rp 2.32 2.34 2.36 2.37 2.39
H (m) 4.40 4.49 4.58 4.67 4.76
27 RAV 0.76 0.75 0.74 0.73 0.72
Ry 0.42 0.42 042 0.41 0.41
Rp 237 2.38 2.40 242 243
H (m) 4.50 4.59 4.68 4.77 4.86
28 RAV 0.77 0.76 0.75 0.74 0.73
Ry 0.42 0.41 041 0.41 0.40
Rp 241 242 244 2.46 248
H (m) 4.60 4.69 4.78 4.87 4.96
20 RAV 0.77 0.76 0.76 0.75 0.74
Ry 0.41 0.41 0.40 0.40 0.40
Rp 245 247 2.48 2.50 2.52
H (m) 4.70 4.79 4.88 497 5.06
30 RAV 0.78 0.77 0.77 0.75 0.74
Ry 0.40 0.40 0.40 0.39 0.39
Rp 2.49 2.51 2.52 2.54 2.56

“H : Roof height, RAV : Avaliable volume ratio, Ry
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: Ratio of floor area to heat loss area, Ry

. Ratio of heat loss area to floor area.
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Fig. 4. Point of modified region.

Table 3. Dimension before and after changing the position of the heat
exchangers.

Control Modified
a (cm) 609 609
b (cm) 890 890
¢ (cm) 55 55
Radiating pipe  d (cm) 86 86
e (cm) 52 86
f (cm) 11 5
g (cm) 5 7.3
h (cm) 360 300
FCU i (cm) 280 212.5
j (cm) 210 210
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Table 4. Comparison of predicted value by location of temperature
stations (CASE 1, 2, 3).

Predicted
CASE 1 CASE 2 CASE 3
Point 1 (°C)  19.45 20.55 20.60 . (a) CASE 1
Point 2 (°C) 1835 20.25 20.55 40
Top . 35
Point 3 (°C) 19.45 20.55 20.65 3
Point 4 (°C) 19.65 19.35 19.35 25
20
Point 5 (°C) 19.85 19.95 19.65 i (b) CASE 2
Point 6 (°C) 1835 19.75 19.95 & 10
Bottom (1
Point 7 (°C) 19.65 19.15 19.85
Point 8 (°C) 19.95 20.50 19.85
Average (°C) 19.34 20.01 20.03
ATmax (°C) 1.60 1.40 1.30 (c) CASE 3
Uniformity (%) 96.72 9124 9758 Fig. 6. Temperature distribution from the simulation for CASE 1, 2, 3.
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Fig. 5. Location of temperature stations in the greenhouse. () CASE 3

Fig. 7. Streamline from the simulation for CASE 1, 2, 3.
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