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Analysis on Heat Loss of Single-span Greenhouse Using
Small-scaled Wind Tunnel

Young Hwa Kim, Hyung kow Kim, Tae suk Lee, Sung sik Oh, and Young sun Ryou*

Energy & Environmental Engineering Division, NAAS, RDA, Jeonju 54875, Korea

Abstract. The objective of this study is to analyze the heat transfer loss of covering materials in a single-span plastic
greenhouse under the steady-state wind environment. To achieve this objective, the following were conducted: (1)
design of a small-scaled wind tunnel (SCWT) to analyze heat losses of the greenhouse and its performance; (2)
determination of the overall heat transfer coefficient (OHTC) for the covering materials using a small-scaled greenhouse
model. The SCWT consists of the blowing, dispersion, steady flow, reduction and testing areas. Each part of the SCWT
was customized and designed to maintain air flow at steady state and to minimize the variances in the SCWT test. In this
study, the OHTCs of the covering materials were calculated by separating each with the roof, side wall, front and back
of the small-scaled greenhouse model. The results of this study show that the OHTC of the roof increases as wind speed
increases but the zones in which the increase rate of the OHTC decreased, were distinguished by wind tunnel wing speed
of 2 ms™. For the side wall, the increase rate of the OHTC was particularly higher in the 0-1 ms™ zone.

Additional key words : covering materials, overall heat transfer coefficient, surface temperature, wind direction
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Fig. 1. Design of small-scaled wind tunnel for analyzing heat loss of greenhouse.
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Table 1. Specification of greenhouse model.

Width  Eaves height Ridge height
(mm) (mm) (mm)
Model (10-single-span-2) 7,000 1,400 3,300
Miniature 467 93 220
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Fig. 2. Grid values maps of velocity distribution at 25 points of wind tunnel, (A) 0.48 ms™, (B) 1.02 ms™, (C) 1.96 ms™, (D) 3.04 ms™, (E) 4.01 ms”,
(F) 5.09 ms™, (G) 5.94 ms™, (H) 6.99 ms™, (I) 7.96 ms™, (J) 8.98 ms™, (K) 10.05 ms™, and (L) point band (a), (b), and (c) of wind velocity
measurement position.
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Table 2. Analysis of mean wind speed values at 25 point of wind tunnel.
Wind speed (ms™)
Mean Mean of point band Standard deviation err(?rtazgiriean
@ (b) ©
A) 0.48 0.47 0.51 0.50 0.0323 0.0065
B) 1.02 1.01 1.05 1.06 0.0443 0.0089
©) 1.96 1.94 2.00 2.00 0.0606 0.0121
D) 3.04 3.02 3.08 3.04 0.0846 0.0169
B 4.01 4.01 4.02 4.01 0.1048 0.021
F) 5.09 5.04 5.19 5.07 0.1767 0.0353
(©)) 5.94 5.90 6.03 6.05 0.163 0.0326
H) 6.99 6.95 7.07 7.01 0.1605 0.0321
) 7.96 791 8.06 8.08 0.1933 0.0387
Q)] 8.98 8.94 9.07 9.01 0.1992 0.0398
X 10.05 10.02 10.12 10.02 0.2365 0.0473
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Fig. 3. Heat transfer coefficient of greenhouse miniature covering materials due to the wind speed.
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Fig. 4. Surface temperature of greenhouse miniature covering materials due to the wind speed.
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