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Analysis of Heat Transfer Characteristics in Soil for Development of a Geothermal
Heat Exchange System

Y. B.Lee S ILCho C.H Kang | K Jung C.G. lLee J H Sung S.0O.Chung Y.B.Kim

Importance of alternative energy has been increasing due to environmental issues and lack of fossil fuels. In addition,
heating cost that occupies from 30 to 40% of the total production cost in the protected cultivation sector in Korea needs
to be reduced for profitability and global competition. But, study on geothermal energy to solve these problems has not
been activated for Korean protected cultivation. This study was conducted to develop an optimized geothermal exchange
system through fundamental test of heat transfer characteristics in soil such as thermal diffusivity, changes in soil
temperature during heating and cooling operations, and restorations of soil temperature after the heater was turned off. These
issues were investigated using computer simulation for different depths. The simulated characteristics were evaluated through
controlled tests. Simulated characteristics of heat transfer in the soil at different depths showed a reasonable agreement with
the results of the controlled tests. All of computer simulation and controlled tests, soil temperatures changed at 10cm and
20cm distance from pipe. but don't change at more than 30cm distance. It means that distances of heat transfer of the soil
ranged from 20 to 30 cm a day. Based on these results, the optimum spacing between adjacent heat exchange pipes and
the pitch were selected as 50 and 40 cm, respectively.

Keywords : Geothermal heat exchange system, Heat transfer analysis, Soil temperature change, CFD simulation

1. M E doz FrHH1 k. F ol Bl e Eg Eojue]
24 T UL ALY Wy oUA| 2 o] gshs o= EH

A== st ek ouA A sdE AN U, 3 5 oOE diAleluA] o ulste] 27)Fxu)7} A
ol & CO, A0l A9 Q3 T2HA glol A&A R FI AR o)§o] rheske, W] midEls duda 1
ol gl 7hsslthz el Stk weEbd dvia § A=’ 0] 40~50d0R WA o] Alde] whe) Wl
= Y v FEG Heo] AFRBES x4 o  7F AL AE7EsE ovAlgks A3 wRelth 13y dw
VIR FE, 285l A 291 GR, WTO 5 Tk SAIARLS ofEA), oW FER sl #e) xYGo)
bl sEH oz tAsk] AailM B, é‘i, AY,  FHRHEA i AAHR] A7e #=5E Aol s
FAg 5o dAleldA] el e =HE Vgolm vk RE FAGTLY] B gAeludqx]2] kel in|gt thxjol
T ol AL whEoklM A8sp 7P frde A |A] R Aol old Ay do R T3 g Ao

l>_

This study was conducted by the research fund supported by the Rural Development Administration (RDA). This article was submitted for
publication in March 2005, reviewed and approved for publication by editorial board of KSAM in June 2005. The authors are Yong Beom Lee,
KSAM member, Senior Researcher, National Institute of Agricultural Engineering, Seong In Cho, KSAM member, Professor, Seoul National
University, Chang Ho Kang, KSAM member, Director, Bio-Production Fundamental Engineering Division, Choung Keun Lee, In Kyu Jung, Je
Hoon Sung, Seon Ok Chung, KSAM member, Junior Researcher, National Institute of Agricultural Engineering, RDA, and Young Bok Kim,
Professor, GyeongSang National university. The corresponding author is Yong Beom Lee, senior researcher, National Institute of Agricultural
Engineering, RDA, Suwon 441-100, Korea; E-mail : <beom@rda.go.kr>

185



NY ARPAIAY TIEL A NF BRE SHRA
ot

E FRAOE SRS & I FARATE A
ud QR BA F19)E ADE 01%6}71 9I% o)

it

9] mjdSX= Zlo] 50 cm, JJrO]E k2 50~60 cm7} £THL
Agrstg o, Pur1(1986) ‘ﬂ% olg o]EFoF
2G5 sfAlste] & WH Aeine sl 95

s 3hd & XHvXWﬂOl W7 wiiEell falsiehar sk

©:
O

e 311" =74 W«l 355 1eld o gjaQl AH

(o}
A
o} &3l 2214 7(1)\]—}\]-]5“ A& AAgAHOR sjAst, A
}\o].
ol

(Puri, 1987).
Fe) Az o
A8 S dhsl 2

T 2R o] Z wfd7bA o
2dE 5 f‘% 90)2 BALHHIAE ©187F
AN At Fo| 9] wjdzHA0] FEFE ABUS T
AEalo] Frtetel A ud Ao AHuE vild
o] Fasrta Az on, 13} W(1996)2 AFHEe
%@. Eok.x‘ﬂ o:l pj__é. %g—M [e2] —151.31:’ OE‘_TJ?_ZF}E
FA, e A970) 58 AREA etk
= golqe) LT Yl Sk el
At AR 5 A ) ohet 71254 THsled A
47 9 29 914 5g A

I

N

0
oZ: wlo Jx (‘_?L'

¢

’

o?i}i] [UR

stel B8t ST

2. NIE 2 91y

. Rz 2RFY OIEN 4%

XFol wide sjolzule] ¢EGAe B LAY
ohy oluABEWAGA, vidd ZA S o BHEEA
) FAREA G, Oea FRolFoR A%
Eohl B Fo7 FEsle sAE 4 vk 1
A £ =7orE 29 olwel & YT 24 e A
o8 gastod ol 1A okl siAEIth B odA]
B 2E Holman(1989)0] #AISH oFefl A1 (1)3} 2ol &

o 349 GHE WAL o1§sto] EF el Albe]
HE Q9 oL HHsk

10T, o&*T, o&T, o*T,
— = D) 9 (1)

a ot o oy az

ANA, o : @EMAT, Ty EFRE
Tja ) ds zpAe] AR F AL Puri(1987)°1 23
AL 4 (9F Atk

186

a7, KA
PG Vi = HoA(T; = T) + 5 (T, = 1) @
A7NA, p, - AR 9%, ¢, T AENG, v, B AH,
T, : RS, 4 # EJ—?, Hy : ¥} frarfel o] thid

AASF, T, FALE, Ky BESAAEAST, AR - & 5
a1 B FAREA GADPHAE Puri(1986)7
A A 3)= Agsialth

0T, 2H(T,-T;) K 8T, oI
= + U——=
ot prCrpl;

3
piCp 8% or )
A7V, T, : FALE, ¢, A AEE, p; 0 FA
A5, U @A 745, K T"riﬂfﬂ QA=A Ho: &
7 fAAele] diRERAEAT, R, H v E
o} o] Bk Ho|x9 ¢ %%% 71720l oA
Bag 4= ik sAut o] SAER 07 SE Feke A2
mf$- o w Frd] B SE M 4 Itk kA 7)E 4
235 CFD(Computational Fluid Dynamics)®] =273
olg AFE AlBHoHE ] ARbe TR T

oA dfzel tiE dye] dEE s

o)
o

i
lA
rr

l

o=

lo

ox

4. N 29

CFD AlE#o1AL fA1E Esh= AlAgel oiato] A
o] 5, dHE T HdE-E HFE AlEHe)A 9
& x4 e ok =TItk £ dAoME CFDS
A1 91714 Fluent 5.4(Fluent Inc. T=HE ARE3IG 0, 718t
s a4 9 AR 999 24 #8 §2 GAMBIT 1.3
(Fluent Inc. =< ©]E3Ith2E 1).

oif
od
3d
iy
=
1}
L
e
ra

Geomet
GAM BIT Nl Other
+ Geometry setup CAD/CAE
- 2D/3D mesh generation package
Pre PDF Boundary Bg;’gffp’
-Calculation of 20731 mesh Mesh Volume Mesh
PDF look-up table

Tgrid

-20 trianguiar mesh
-3D tetrahedral mesh
-20 or 3D hybrid mesh

FLUENT

-Mesh import and adapion
-Physical models
-Boundary conditions
-‘Material properties
-Calculation
-Postprocessing

PDF T Mesh
files Mesh

Fig. 1 Simulation procedure for the computational fluid dynamics
models using commercial analytical package.



) AIEEHOW x 43

AF G5 NS A AFEAN 1AL 2L HA
WA AR v EAE 2 el sl 21 Y
T3 28 o] 3 m Zolo] 9174 27 mm, W4 21 mm<) 114
5 PEHO|ZE UAAOF 32 mE vhdstal E(70%)+o1E
A2 FFN30%)S iAlGE 3l 35CE 71dst
FAFTEAN 33C) 755 1.03 misE 3lo] 24 9ARE] 9
T 47 30874 EEsRs AoR AAssith

olw] <=3k v -2] FtE2 T AA ¥ Al f0E 24
Y 255 7E0 R TFEAITRE 195 AAl o] o]Fo]%]
= ARME VIE0E itk AFY RE SAYXE I¥ 2
o} 7o ekl so|ZZRE] 10 cm, 20 cm, 30 cm, 50 cm
2 1 m 201 2l XP‘LE o} I B UelX m}ﬂa 7t

WREAAL GRS, B0l S(turbulence length scale)
WE 19 WEAdelHE L2 Fluents
Users Guide®l|A] AAIgE ofel] 2] (4)2 o] Alksiaick

I= 2= 0.16(Re) —0.125, L=0.07D @)

aug

Table 1 Simulation conditions and specification of the geothermal
heat exchange pipe used for investigation of heat transfer charac-
teristics in soil.

Item Specification
Burying type Straight line
Pipe (mm) HDPE, Inside diameter 21, outside 27
Burying length and depth (m)| Length 32, depth 3
Circulation fluid Water (70%)+ethylene glycol (30%)
Fluid temperature (C) 35 (in pipe 33)
Fluid velocity (m/s) 1.03
Operating time (hour) 7.5 (9 AM~4:30 PM)

Fig. 2 Measurement locations of soil temperature for investigation
of heat transfer characteristics in soil.
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3714, v : root-mean-square of the velocity fluctuation

Vg - average flow velocity
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Table 2 Physical properties of the materials used as simulation
input values.

Materials
Physical property Water (70%) + .
HDPE ethylene glycol (30%) Soil
Density (kg/m’) 960 1,050 1,880
Specific heat (J/kg:C) 1,890 3,570 840
Thermal conductivity (W/mC)| 0.4 045 0.2
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Table 3 Texture and water content of the soil used in the
verification test.

Depth
Item
1 m 2 m 3m
Texture (%)
sand 7 51 41
slit 21 31 35
clay 8 18 24
Water content (%) 18 21 22
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Fig. 3 Changes in the simulated soil temperature at different
distances from the pipe with circulation fluid (using Fluent 5.4).
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Fig. 4 Changes in the measured soil temperature at different
distances from the pipe.
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distances from the pipe (during heating only).
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Table 4 Comparison of heat transfer characteristics between simulation and burying test.

Distance Initial soil | Heat transfer | Heat transfer Maximum | Time of maximum Soil temp at |Change patten
from the pipe temp. (C) | time (min) | distance (cm/day)| temp (C) temp (hr) 24hrs later ('C) | of soil temp
Simul-ation 14.1 58 17.5 |2 hour after operation 153 Slow
10 cm stop
Burying test 14.1 50 20~30 16.8 at operation stop 148 Fast
Simul-ation 14.1 135 155 | % hour after operating 14.9 Very slow
20 cm g stop
Burying test 14.1 121 15.5 at operating stop 14.7 Slow
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