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Experimental Study on the Infiltration Loss in Plastic Greenhouses
Equipped with Thermal Curtains

Sang-Woon Nam* and Hyun-Ho Shin
Department of Agricultural and Rural Engineering, Chungnam National University, Daejeon 305-764, Korea

Abstract. The calculation method of infiltration loss in greenhouse has different ideas in each design standard, so
there is a big difference in each method according to the size of greenhouses, it is necessary to establish a more accu-
rate method that can be applied to the domestic. In order to provide basic data for the formulation of the calculation
method of greenhouse heating load, we measured the infiltration rates using the tracer gas method in plastic green-
houses equipped with various thermal curtains. And then the calculation methods of infiltration loss in greenhouses
were reviewed. Infiltration rates of the multi-span and single-span greenhouses were measured in the range of
0.042~0.245h™ and 0.056~0.336h™! respectively, single-span greenhouses appeared to be slightly larger. Infiltration
rate of the greenhouse has been shown to significantly decrease depending on the number of thermal curtain layers
without separation of single-span and multi-span. As the temperature differences between indoor and outdoor
increase, the infiltration rates tended to increase. In the range of low wind speed during the experiments, changes of
infiltration rate according to the outdoor wind speed could not find a consistent trend. Infiltration rates for the green-
house heating design need to present the values at the appropriate temperature difference between indoor and out-
door. The change in the infiltration rate according to the wind speed does not need to be considered because the
maximum heating load is calculated at a low wind speed range. However the correction factors to increase slightly
the maximum heating load including the overall heat transfer coefficient should be applied at the strong wind
regions. After reviewing the calculation method of infiltration loss, a method of using the infiltration heat transfer
coefficient and the greenhouse covering area was found to have a problem, a method of using the infiltration rate and
the greenhouse volume was determined to be reasonable.
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Table 1. Size specifications and locations of experimental green-
houses.

Green-  Width Height (m) Number .
house (m) Eaves Ridge of spans Location
No. 1 8.0 5.0 7.2 16 Buyeo
No. 2 8.0 4.5 5.7 4 Buyeo
No. 3 8.0 4.0 52 3 Cheonan
No. 4 8.0 6.0 7.2 3 Cheonan
No. 5 7.0 4.5 6.5 3 Buan
No. 6 8.9 1.7 3.7 1 Nonsan
No. 7 7.0 22 3.7 1 Buyeo
No. 8 5.6 1.8 3.5 1 Daejeon

Table 2. Material specifications of covering film and thermal curtain in experimental greenhouses.

Screen specs
Greenhouse Covering film Thermal curtain N““.’ber of - P -
curtain layers Energy saving (%) Shading level (%)
Aluminum screen double
No. 1 POO.15 +Diffused light screen 3 >3 85
No. 2 PO 0.15 Aluminum screen single 1 72 86
No. 3 PO 0.15 Aluminum screen double 2 45 10
No. 4 PO 0.15 Aluminum screen double 2 45 15
Aluminum screen single
No.5 PO0.10 + Multi layer thermal curtain 2 20 >0
Fixed polyethylene film
No. 6 POO.15 + Multi layer thermal curtain 2 ) )
No. 7 PO 0.15 Multi layer thermal curtain 1 - -
No. 8 PE 0.10 Fixed polyethylene film 1 - -
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Fig. 1. An example of experiments for infiltration rate measured
by the tracer gas method in the single-span plastic greenhouse
with a single layer thermal curtain.

Table 3. Average infiltration rate and its range measured in the
experimental greenhouses.

Infiltration rate (h")  Wind speed T-T,

Greenhouse Average Range ms')  (C) Remarks
No. 1 0.245 0.117~0.392 12 11.5 Multi-span
No. 2 0.173 0.113 ~0.231 1.2 15.6 Multi-span
No. 3 0.057 0.048 ~0.067 1.1 16.9 Multi-span
No. 4 0.042 0.038 ~0.044 1.1 16.5 Multi-span
No. 5 0.134 0.103 ~0.168 1.5 11.0 Multi-span
No. 6 0.056 0.026 ~0.081 0.7 8.5 Single-span
No. 7 0.106 0.089 ~0.139 1.1 18.1 Single-span
No. 8 0.336 0.195~0.516 0.9 7.8 Single-span
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Fig. 2. Variation of infiltration rate according to the number of
thermal curtain layers in plastic greenhouses.
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Table 4. Average infiltration heat transfer coefficient converted
from infiltration rate measured in the experimental green-
houses.

Ratio of Infiltration heat
Green- Infiltration rate volume to .
R transfer coefficient
house (s™) cover area (W - m2 .OC-I)
(VIA)
No. 1 6.8x107 4.09 0.34
No. 2 4.8x107 2.76 0.16
No. 3 1.6x107 2.61 0.05
No. 4 1.2x107 3.35 0.05
No. 5 3.7x107 2.81 0.13
No. 6 1.6x107 1.61 0.03
No. 7 2.9%x10° 1.42 0.05
No. 8 9.3x107 1.16 0.13
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