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Study on the Temperature Variation of Greenhouse Soil Warming using the Solar Energy(1)
— Temperature Variation of Soil Depth by Soil Warming —

JH Kim T, W Kim K D, Nah T, 8 Kim | J,Sung S. H. Chung

Abstract

The temperature of root zone is 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 solar energy supply system to keep the optimum condition of root
zone by soil warming.

As a result of this study, soil warming compared with no warming changed on a large scale temperature rise effect by
depth of soil. The greenhouse's inner temperature have an effect on the temperature of surface up to 15 cm, rised to about
1 hour after warming. In case of the temperature fluctuation, soil temperature was about 12°C up to 15~25 cm and it was
13.4T at greater depths. This results showed that the position of root zone was very different after 3 weeks of growth.

Keywonrds : Solar energy, Soil warming, Soil depth, Soil temperature, Greenhouse

1.MNE dE o5 77t AlFHE e Hage] AR 2] Al
AR 871 o] vlwd Bds) sR¥HM = A4
2008'd 84 Efzﬂwﬂk— HiE 140 27k} A5ste] of otk ALH AlEAM 2z 2WF L AN 834
uA] gt 52 feluthe ASE AA e & o o] Aol s wAIge tE A% vERdh 24
0] 3tk AHeldE AGE o] 88 AN BFA| Y A2 e Xliiﬁ} =S 0] 53 O A w5
A3} L, S, BGRA, vlolemA 58 o) BEst 24y A% 712 A9 71 2R 12e] Hr, 244 A
o At AEEE B Bl FYE 712ol1 Utk 53] 25 w4 AR} AP ol ik ol AL X
FG2 AdA 7176l 2iztsied “57}*”11/\1 AE Erjshe AR &) T2 S EATL B L S AE
AP HERAL Stk mER BGEE AT FEFOR ol R 5t Bl EGRAEY o] AstE 1

A 2URS) LRE A4S ANY WY oUAS Boln  AlEe) W] oAlue AE B9 D] Aeisle} Ho
PGS Srhstehe] A8 SAES Auiehs 71l o8 o] §47) BRI EE Ago] AsHeTkEom, 1991).
A% 4TIk B Aotk Qurd oz AL 36 AP X Lo] 18~2TE

TRl B AR o8l B Zlgo] 1990 deiA] 9la, Al eold] A HAeAR L] 13~15T ol

This study was conducted by the research fund supported by Agricultural R&D Promotion Center (ARPC). The article was submitted for
publication on 2009-06-01, reviewed on 2009-06-09, and approved for publication by editorial board of KSAM on 2009-06-15. The authors are
Jin Hyun Kim, KSAM member, Professor, Tac Wook Kim, KSAM member, Professor, Machinery Engineering, College of science and engineering,
Kyungpook National University, Kuh Dong Nah, KSAM member, President, HNL co., Ltd., Tae Soo Kim. KSAM member, Director, Corelogic
R&D center, Il Jung Sung, Graduate Student, and Seok Hyun Chung, KSAM member, Patent Examiner, KIPO. Corresponding author: J. H. Kim,
Professor, Machinery Engineering, College of science and engineering, Kyungpook National University, 386 Gajang-dong, Sangju-shi, 742-170,
Korea; Fax: +82-54-530-1278; E-mail: <jinhyun@knu.ac.kr>.

190



HDIAA L 25T 2 Adeid lriLee, 1994; Takahashi,
1983; Terada et al, 1980). A& APdUie] Whilejold &
%] FIhA] A% HALEE A% 15 emollM oF 15T
2 e A 2ole] e HHH Lol ulstd ok 3~7C 7}
o2 2 ZE(Kim et al., 1998a; Kim et al., 1998b; Kim et al,,
1999) Ho] & T23 SRS Yarls x&9 Ao
E7WElta B 4= glvk

AP AL 7REEHA] e A9 A% 40 emollAE
AdY F L% WHE} 0.5C #gke 2 JehKKim and Kim
2001) 25.0] W7} vl Fsht g a9 A Zo)
5 YO R 10~30 cmo] 7 E A F7F2 4 o]z AL
100~120 mmz ARS8 AL, A3 40 emE o) golg 3
2 AASHKim et al., 1998a; Kim et al., 1998b; Kim et
al,, 1999). H F27] AVdAle] R 57kee] A% F5E
= oF 50% oldo 2 A A 9o} AF7M-S 93 Ar)8
gl o] | gele Byela Boe 58 AR
AF7he-g F7held Axslar 9k

2 d7oxE EY fUEE U9 42HE oy
A, B FAE 54, 24 U719 Wale} g8 7o o
H3} o] FoRRE 299 ouiA #AZ el 29
o el W HA FFUIAE AEs] AFNLE &
B ARG HAE 20E 9 5 Qs ofluA 35 A4

£ AYstaA ssick
2. N2 % ¥

T AERA|

1) ZFO| AIE MA

% 12 BEusta s VAT N9EEe)
ExAZ=14 mx10 m)9] A)FH2 A28 ABREE vehy
gloH, AFHLE Y MaEe HerteTs) Frre s
717} 39 RSl E MBS, 24 URe) A
& 7Y vl BEoz BT 1279 FEO AAR:
7% 29} 30 AZAR] An] Ad AFLE AS AN )
A RS e

Solor collestor <Unit ; m>

16 112

PLM system

i0

Regenerative tank

=

2 1.5 15

‘s \os

14

Fig. 1 The field design of water pipe lines for soil warming.
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Fig. 3 The laying view of temp. sensors.
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Fig. 4 The vertical section of pipe lines for traditional cucumber
cultivation in greenhouse.
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Table 1 Soil classification used in the experiment
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Table 2 Conditions of the experiment

Ttem

Conditions

Temperature measurement by
soil depth(warming zone)

Depth 5, 10, 15, 20, 25, 30, 35
cm, 3 repetitions

Temperature measurement by
soil depth(non-warming zone)

Depth 5, 10, 15, 20, 25, 30, 35
cm, 2 repetitions

Loss of energy by Length

Total piping length 75 m, at 7
m intervals

Extra warming equipment

Water heater (400 L, 12 kW)

Hot air heater

HANA Industry Seba-120 A

Image, Chart monitoring

realtime measurement &
monitoring

Measuring software

Wizcon 7.02. SCADA

Computer

32 Bits Industrial Computer Set
12 Slots

]

Interface Card

AX5232x4sheets
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Fig. 6 Temperature measurement of the soil warming, non-warming
and water pipe lines.
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Table 3 Measurement points of temperature
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Fig. 7 Mean of solar irradiance in nearby the Sangju.
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Fig. 8 Variations of greenhouse ambient air temperatures(2008.12.6~ 7).
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Fig. 9 Variations of greenhouse inside air temperatures(2008.12.6~7).
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Fig. 10 Variations of soil temperatures in depth when soil warming
(2008.12.6~7).
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Fig. 12 Variations of soil temperatures in depth when soil non-
warming(2008.12.6 ~ 7).
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