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Experimental Study on the Characteristics of Ground Heat Exchange
in Heating Greenhouses

Hyun-Ho Shin and Sang-Woon Nam*
Department of Agricultural and Rural Engineering, Chungnam National University, Daejeon 34134, Korea

Abstract. The calculation method of ground heat exchange in greenhouses has different ideas in each design stan-
dard, so there is a big difference in each method according to the size of greenhouses, it is necessary to establish a
more accurate 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 soil temperature distribution and the soil heat flux
in three plastic greenhouses of different size and location during the heating period. And then the calculation meth-
ods of ground heat exchange in greenhouses were reviewed. The soil temperature distributions measured in the heat-
ing greenhouse were compared with the indoor air temperature, the results showed that soil temperatures were higher
than room temperature in the central part of greenhouse, and soil temperatures were lower than room temperature in
the side edge of greenhouse. Therefore, it is determined that the ground heat gain in the central part of greenhouse
and the perimeter heat loss in the side edge of greenhouse are occurred, there is a difference depending on the size of
greenhouse. Introducing the concept of heat loss through the perimeter of building and modified to reflect the size of
greenhouse, the calculation method of ground heat exchange in greenhouses is considered appropriate. It was con-
firmed that the floor heat loss measured by using soil heat flux sensors increased linearly in proportion to the tem-
perature difference between indoor and outdoor. We derived the reference temperature difference which change the
direction of ground heat flow and the perimeter heat loss factor from the measured heat flux results. In the heating
design of domestic greenhouses, reference temperature differences are proposed to apply 12.5~15°C in small green-
houses and around 10°C in large greenhouses. Perimeter heat loss factors are proposed to apply 2.5~5.0W-m™-K™ in
small greenhouses and 7.5~10W-m™-K! in large greenhouses as design standard data.

Additional key words : environmental design, heating load, perimeter, soil heat flux, soil temperature
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Fig. 1. Concept diagram of ground heat exchange for greenhouse
heating load calculation.
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Table 1. Size specifications and locations of experimental greenhouse.
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Fig. 2. Size of the experimental greenhouse and the layout of
sensors.
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Fig. 3. Longitudinal soil temperature variation in a heating green-
house.
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Fig. 4. Cross directional soil temperature variation in a heating
greenhouse.
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Fig. 5. Hourly variation of soil temperature distribution in a heating greenhouse (Jan. 25, 2016).
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Fig 7. Measured ground heat exchange by difference between
indoor and outdoor temperature in greenhouse G2.
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Table 2. Perimeter heat loss factor and reference temperature
difference in experimental greenhouses.

. Reference
. Perimeter heat
Perimeter temperature
Greenhouse loss factor .

(m) (W-m 'K difference

(°C)

Gl 228 3.04 13.7

G2 1017 2.63 12.5

G3 436 10.5 10.0

“ Except the perimeter adjoining to the management building
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