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Thermal Conductivity Enhancement of Bentonite Grout Using Silica Sands

Byong Hu Sohn'

ABSTRACT: This paper concerns the measurement of thermal conductivity of grouting ma-
terials for ground loop heat exchanger. A thermal conductivity meter, QTM-500 based on mod—
ified transient hot wire method was used to measure the thermal conductivity of neat bento-
nite and mixtures of bentonite and various additives. Relative to the total mixture mass, as
the percent additive was increased the mixture thermal conductivity increased. For the bento—
nite-silica sand mixtures, the higher density of the sand particles resulted in much higher mix-

ture thermal conductivity.

Key words: Thermal conductivity(E 7

), Bentonite(MlEUolE), Silica sand(Z & FHA=),

L
Ground heat exchanger(X% Q13 7]), Transient hot wire method(H] A4 E4H)

2lsdd

Mz
)
+

fo A

)

o

[W/mT]
4 Zo|d weds [Wml

o tn

S Mo

rr
iia
rx
o
o
o
o
of
=

x > B Ne Xy
o>t rlo 12 nR g 2
2,

R B e 24
r—\F—'—r—“a——!

3

ag|A 2K

a 1 EEAAS [m/s]

FCorresponding author
Tel.: +32-31-309-0511: fax: +82-31-369-0540

E-majl ~idress’ byonghu@lkict.re. ki

A AN A" gk
o ¢ A)A A" #
SHA X}

1 R E

2 v 2

b HEYOE

m gl E-AEstie =&
1. M B

o Bof X AR FhE e A 2
B2 A28 (ground source heat pump systems)
AN 549 A% FZ duds FHo A
25 BolZ(borehole)® Ul &74e] sol= 1
2|1 HolE3 glo]Z Aloje Wl FZHE A=
au$¥ A E(grouting material) 2% TFAH

- 713 -



. Bol& a#ted AaE AF ] go
= Ule #3449 BoJE F¥ BQE(EE gt
)Y dHGE FAsm, RolE FHY A3}
Fu ARH Q9EAol HolE YE fede
A& sty ol 2 go] ul¢ A

O.
ogE FRY a8y AR F Tl

2 A8HE ARE WEYolEolt e
EE JEHor FEFEoM, 4F FFu
Z w04

o AT &4 MRV EMELEL B)=

oZ FHel BEof T ot vjumge wf A

Hom vt dAESE 2he glo) ottt
x

H dde dFE =
T AHEMARNHAE+ B)o] =
AAG A4 1A HAAE =FE 4L, olE
Azt g 2o Uy dEA FAET A
A8t ™H? Remund and Lund@E WiE o
oty AR AEE AL dolz R

BEHoly A& dasta Jdd

=]
Eu
e GAEE Ba 52 79 27 1

g EFEY 49 dxdEwr gAdTn Wi
R, SdelMe aekew Ase) A8
.]
(e}

o,
o
L
At
23
&3
H
xr
2
it
lo
2
oo
)
olr
S
=2
R )
(o

ATF7F A QA7) W el ol diE AA
Hiole] &u= Alge LAl

& dTelAs dA AF dusr] HoE 1

+H AR AMSHI Sl 9% dEYES
ez AAELE FAHAG. oy &F
HEYolEo dejrti=g HArtsals o =24
H g wg dd=z WstE S459o
g dejstise] |lA Azt dALe F7tel
oA e das s

2 dTdNE GHERE FAO T2 AL
v} A 4 AW (transient hot wire method)S ©]
43te] Debed Ame AAEEE A
Fig. 12 v{AAd d4A4S Mg oz wagst

hot wire

material 2 (£,.c,)

ribbon hot wire

material 1 (k@)

Fig. 1 Transient hot wire method.

g AHNA mA Ul A o

A d3o] FFE o, Azt Ao & dH9

2% A BA(ns-an7t HAHom FojAw,

AN 7179 A57t FAEE WA
2o dHzxolt},

oo
Fig. 194 ¢ 2o dd=L7} 5 o2 iz
Abolo] "ol Aol Q= A, Takegoshi
et al.®& 2ato] uAA M) HEHE -

£ WAAe B ol +HRY

4mk, (D
Jl E{-Nx%4a, N1+ 1- 1)} p
L /
o (A2 1~ 2(1-ut 00?2 ‘

A (Dol A Aebo= 27} thg-3t o] Feojdtnt
A=al#/al?, 0=k, i’/ (kyal?) (2)

w3 Fig. 19 %
O A

5 3ol gol, 8 ul
& e Qa4
1

i
0ofEE T Aol Zol
491 B E(ribbon) &gol, oluf x7} vi¢ &
79 Takegoshi et al.¥& 2(1)9 32} ) (analyt-

ical solution)®& &3 7ol BHAsT)

dAT___ g {1_(1+ h‘z’)
dnt  2nlk+ k) 12 3)
Xk1a2/a1+k2 X }
kirk, Aoyt

A3l SR (koo + k)/(k+ k) 3kol
10]30 A9} x/4a,09) gkl w1 AT, A@3)&

- 714 -



o&a ol eg + ek

utebA w29 dARLRE o|n
W, 54 AEd WA 19 ddEEE

4@z AR

A% dugy] BolE aeeE Az dA
=8 5487 & B AN = Fig. 201] =
Al &34 A AES o] 2E19TH A A|lAaHe
AR SA7HQTM-500, Kyoto Electronics),
9 M (wire heater)® E#-u7} £2g T2 H(PD

-13, Kyoto Electronics), Al &(samples) 2] 11 H]
g5 FA o2 FA4HY k.

AEE FA7|E 0.023712 WmTY &R
9 2 +5%9 FUES £3%9 ANAL e
g T2H JA7= k2 95 mm, ME 40 mmo]
o, A= E:&g} AA z%z.c_o}_ T2H FH
) of W] %
o] 1 mm¢ ?_'— ek Mol '7:"7‘]'5401 AL,
Ao Fatoll K-type A7 &3 50] 9}
AZa7] s, B Ao o
= o7 AL o

Quick Thermal Conductivity
Meter, QTM-500

Personal computer
with RS-232C cable

Probe with

Y v | w— wire heater and
CooOooncCg || thermocouple

CCooonoano
oo !
)

ooQooc3
 — —

/f(old and
sample

Base plate of known &

Chromel alumel thermocouple
Constantan wire heater
Junction attatched to the heater

Fig. 2 Experimental apparatus for measuring
thermal conductivity of grouting mate-—
rials.

Table 1 Comparison between literature values
and measured ones for thermal con—
ductivity of reference materials.
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Fig. 3 Typical measurement results: (a) tem-
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function of natural logarithm of time;

(¢) reproducibility of measurements.
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Fig. 4 Thermal conductivity measurements of

neat bentonite grouts.
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Fig. 5 Thermal conductivity measurements of

bentonite—silica sand grouts.
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Fig. 6 Effect of silica sand particle sizes on
the enhancement of thermal conductivity.

gANE dAaz7t dAEE Sk vAE 9
Fe nZHG. & A7 A2 d& 2k
() 2 @70l A8 20% £4 WEO EE
0.7746 7 0.8374 W/mC¢ dAEEE 181 30
% &7 WMEUEA A9 0.79627 0.8673 W/m
Co dMEZE e Aoz SAHNG. W&
VolEg A v &S 20%904 30%2 FIHAR
S u), 9AEEE 257 7.5%7 A F7hEESiT)
(2) A7HAQ Belsti=el A ulgo] F7t

48 o5 HEYOEY dFAEEE HE 108
DA S7FekATh A3 dAER g Aol
71E ZHE eq WEYolEe] dArEe WA

o AR AN ALsw EW

% 7

AFE AAAYE A8 dyA AT
2004y di AN A 7] &7 A (2004-N-GE08-

P-0De o8] FaAE e, ool A =Y
AneEs

1. Salomone, L. A. and Marlowe, J. 1., 1989, Soil
and rock classification for the design of ground
-coupled heat pump systems: field manual,
Special Report(EPRI CU-6600), Electric Power
Research Institute.

2. Zhang, Q. and Murphy, W. E., 2000, Measure-
ment of thermal conductivity for three bore-—
hole fill materials used for GSHP, ASHRAE
Transactions, Vol. 106, pp. 434-441.

3. Remund, C. P. and Lund, J. T., 1993, Thermal
enhancement of bentonite grouts for vertical G
SHP systems, ASME, Vol. 29, Heat Pump and
Refrigeration Systems— Design, Analysis, and
Applications, pp. 95-106.

4. Remund, C. P., Schafer, V. R. and Stetson, L.
E., 1993, Bentonite-based backfill mixtures for
GSHPs, Final Report 91-18, National Rural Elec—
tric Cooperative Association.

5. Takegoshi, E., Imura, S., Hirasawa, Y. and
Takenaka, T., 1982, A method of measuring the
thermal conductivity of solid materials by tran—
sient hot wire method of comparison, Bulletin
of JSME, Vol. 25, pp. 395-402.

6. Rohsenow, W. M., 1973, Handbook of heat trans—
fer, McGraw-Hill, New York.

7. Kline, S. 1., 1985, The purpose of uncertainty
analysis, J. Fluids Engineering, Vol. 107, pp. 1
53-160.



