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Study on Temperature Variation by Greenhouse Soil Warming
System Using Solar Thermal Energy (2)
— Required Energy per Unit Area for Soil Warming —

J.H Kim T, W, Kim K D Nah T.S Kim E T Kim S H. Chung

The temperature of root zone was known as an important factor for the growth of crops and reduction of energy in
greenhouse. The purpose of this study was to design the apposite inflow of calories per the unit area by comparison of
temperature in the warmed and non-warmed soil. The energy needed for soil warming about pipe length showed the change
of temperature on inflow and outflow as 2°C~3C(average 2.5C). Therefore, the inflow per the unit hour was 3,450, 57,5
kcal/hm” on soil heating respectively. The non-warmed soil temperature in greenhouse made a difference by depth and it
was partially affected inner temperature under 15 cm, but it was not above 15 cm. The soil temperature would be raised
over 5C than non-warmed soil to increase effect of soil warming. Therefore, the inflow per the unit area that should be
provided was about 100 kcal/h-m’.

Keywords : Solar energy, Soil warming, Soil depth, Soil temperature, Greenhouse
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Hot Vapour rises to

heat pipe tip

Cooled vapour

Fig. 1 Structure of the vacuum type collector.

Table 1 Specification of the vacuum type collector and accumulator

Items Unit Specifications
Area m’ 2.62
Collector Size(LxWxH) mm 2,000x1,817x170
(1 set) Weight kg 35.20
Tube EA 20
Capacity L 300
Sensor - T-type
Regenerative| Circulation Pump kW 0.3
Tank Water L 200
PCM253 L 40
Heater kW 3.0

Fig. 2 System of the vacuum type collector and accumulator.

Table 2 Energy efficiency of the vacuum type collector

Tvpe Absorption area Quantity Total quantity Real quantity Effciency
P (m’) (kcal/m’- day) (keal/day) (kcal/day) (%)
TZ58/1800-20R 2.62 (1 sheet) 2,143.55 11,230 (2 sheets) 6,500 (2 sheets) 58
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Fig. 5 Variations of soil temperatures in pipe length when soil
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Fig. 6 Variations of soil temperatures in soil depth 0~15 cm when
soil warming and non-warming (2008.12.6~7).
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Fig. 7 Variations of soil temperatures in soil depth 20~25 cm when
soil warming and non-warming (2008.12.6~7).
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Fig. 8 Variations of soil temperatures in soil depth 30~35 cm when
soil warming and non-warming (2008.12.6~7).
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Table 4 Variations of soil temperatures in soil warming and non-warming zone according to the variation of soil depth (unit : C)

Depth Soil Warming Non-Warming

(cm) SW-A SW-B SW-C Average NW-A NW-B NW-C Average
5 10.2 8.9 9.3 9.47 10.6 9.9 10.1 10.25
10 11.1 12.2 11.1 11.47 11.0 12.1 11.0 11.55
15 11.4 11.8 12.0 11.73 11.0 11.7 11.3 11.35
20 11.6 11.8 12.3 11.90 10.9 11.8 11.3 11.35
25 11.9 11.9 12.6 12.13 10.9 11.4 11.0 11.15
30 12.0 12.2 13.2 12.47 10.7 11.1 10.9 10.90
35 12.3 13.0 13.5 12.93 10.7 11.3 10.8 11.00

* SW @ Soil Warming, NW : Non-Warming

Table 5 Optimum energy design of soil warming at the variation of soil depths

Depth (cm) Temp. of soil warming (C) Insufficiented Temp. (C) Supplied optimum energy (kcal/h-m?)
5~10 10.5 -1.5 -
10~20 11.7 -6.3 1,150
20~30 12.1 -59 460
30~40 12.9 -5.3 230
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