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Underground Heat Transfer Characteristics of the Underground Heating System for
Soil Sterilization in Greenhouse

K. K Park Y. S Ha D, H Hong S. H Jang J. H. Kim

This study was conducted to estimate the optimum temperature and required time for soil sterilization when heated water
was circulated through underground heating pipes in the greenhouse which solar heat was influenced to the temperature
of soil during the summer day. Two different types of heating pipes were used for the experiment. One was a polyethylene
pipe(XL) and the other was a corrugated ring shaped stainless steel pipe(STS). The results of the studies were summarized
as follows;

By measuring the thermal characteristics of the XL and STS, it was examined that the average temperature differences
of the inlet and outlet were 8.5C and 13.3°C, the average flowrates were 15.3 L/min and 5.6 L/min, and the average
radiation powers were 9.1 kW and 4.1 kW, respectively. As results of the regression analysis of underground temperatures,
when average soil temperature was 35°C, an average water temperature was 80C, and XL was used, it was estimated that
the possible heat transfer distance, the required time for heat transfer and heat flux to reach the underground temperature
of 60°C were 300 mm, 230 hours, and 7.57 kW/mz, respectively.
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Fig. 1 Feature of experimental device in greenhouse.

HE AT 60 em ZA7A] 50T 9] ko] maldla,
0C o] 2o ash 5 79 o A& v 3hxFAke] Ab
Hade ok sielth o= FE A2 AEAR
o2 M, AF, qEFA o ArEERds A A
oJtt.

e, ek AR, B ol webd A%
s SAE AdolskAl UEAIRKKim and Park, 2005;
Lee et al., 2005), Ejekdy} A=A AELS AsHlS uf
Uehs AF 289 SAC0 thieh s =58 Aol

o
=

upeha, 2 Aol 24 W EaES flsto] Bl

7} st Ao R 1e5E FEAAS w AFe

<ERskel e St AFAER AR 204
S

2 GAEAe Fo 54E sjolste] Eepase] 43d &
E9 AR U 2000FE S J|EAng B
spick

2. Njg G g

Tt

nz

oY U N

p=

<A U Efass 98 AR e A ddg &
A& AFeE] flstel A AlaElE 19 13 o] A8k
SIck. ©F 330 m*9] 22 Ulef F 450 mm, 3] 450 mm, 2
°] 50 me] FE& FHAYVIE ol&ato] A, 4
HS oFsEt al7] Slsle] Bokwdel B8 S| dedt
T Ekudels Zelded 258 vEeeinh i H=
5 Fool] 400 mm 7+ 02 X3 100 mm offof] 24 1)
@<l Direct return WA 07 wjX|3}y T&FE IFY
TS W7](SGS-120, Shinan Green-Tech, Suncheon,
Korea) & AXA|3t3lth A bda 19 29} o] A}
Godo] T 15A8 Zjoldall-THXL) 2 AHIQIH -3
TEISTS) 2575 olgsislon 77 dAduAT+
XL2] 749 0.38 W/m:C, STS+= 1629 W/m - Co|t}l A|d
T B AEle SErHI7E et 24.7%(w.b.)olH, 1Ak
ABBE= wE)] 90%, A4 8%, AE 2%z LERTH

R

I
I
I
|
\
1.0.16
0.D0.20
+

1.0.14.1

0.D.17.6

(b) STS pipe

Fig. 2 Drawings of underground heating pipes(unit: mm).
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where, T : Soil temperature at t hours (C)
T : Water temperature (C)

T, : Initial soil temperature (C)

a, b: Newton equation constants

O : Heat transfer time (h)
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Fig. 5 Variations of soil temperatures in terms of depth for un-
treated control plot.



Table 1 Comparison of soil temperatures in terms
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of depth for untreated control plot

9 . . Depth (mm)
Temperature('C) Inside air
10 150 350 550 750
Maximum (a) 61.3 46.6 39.4 34.6 33.8 327
Minimum (b) 24.8 28.4 30.3 1.2 30.9 30.2
Difference (a-b) 36.5 18.2 9.1 34 2.9 2.5
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Fig. 6 Variations of soil temperatures around the heating pipes.

Table 2 Comparison of soil temperatures around the pipe in terms of time

Item Time after treatment (C) Average temperature increase rate
Around the pipe(mm) 0h 10 h 20 h 30 h 40 h 50 h 60 h (C/h
140 35.1 44.0 46.9 50.3 52.1 52.6 533 0.32
XL 200 359 419 45.0 48.2 50.2 51.3 52.3 0.29
280 359 37.5 38.5 41.6 43.0 44 .4 454 0.24
140 344 414 43.6 46.8 483 489 494 0.26
STS 200 343 39.3 423 45.1 472 48.0 48.9 0.24
280 33.6 35.4 375 39.9 41.6 42.7 43.6 0.18
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Fig. 7 Distribution of soil temperatures in untreated control.
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Fig. 9 Variations of heat transfer characteristics in heating pipes.
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Fig. 10 Regression curve of Newton equation constants by pipe type and distance

Table 3 Newton equation constants by pipe type and distance

Pipe Distance (mm) Constant (a) Constant (b) Correlation coefficient (Rz)
140 -0.0060 0.9039 0.9078
XL 200 -0.0056 0.9375 0.9430
280 -0.0036 0.9936 0.9967
140 -0.0053 0.9247 0.9182
STS 200 -0.0049 0.9476 0.9415
280 -0.0037 0.9884 0.9835
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Fig. 11 Comparison of predicted and measured curve of soil temperature by pipe type and distance.
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