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Thermal Conductivity Measurement of Grouting Materials
for Ground Heat Exchanger Borehole
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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
modified transient hot wire method was used to measure the thermal conductivity of neat
bentonite 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
bentonite-silica sand mixtures, the higher density of the sand particles resulted in much
higher mixture thermal conductivity. The quartzite and silica sands produced the largest in-
creases in mixture thermal conductivity, while common masonry and limestone sands pro-
duced lower thermal conductivity increases.
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Fig. 1 Transient hot wire metho_d.‘:'
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C wire heater
Junction attatched to the heater

Fig. 2 Experimental apparatus for measuring
thermal conductivity of grouting ma-
terials.
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Table 1 Comparison between literature values
and measured ones for thermal con-
ductivity of reference materials

£ (W/mC)
Reference 0 Error
materials 1terature Measured (%)
value value

Quartz glass 1.412 1.428 1.13
Silicon rubber 0.238 0.234 —168

Polyethylene foam| 0.036 0.037 278
EE Fol7] fsiMe mld EHe FYI 717

g osith v Fig. 13 Fig. 2014 B50], & =
Aol HLd £A4 AN EH¥(modified transi-
ent hot wire method)dlAE Zare Fu(oza
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AEEe 249 £ 28%) ANy g3 b=
gt 4 BFude] dHEEE 73 A 2
}e WFE golw, 3% weld 23° gty o
Aste AL 2T F AT G3A WEY Z
golgd AL oyt ¥ mAmA exuT A
gHoz HAw o dA F&TH WY Yo
itk
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HELo]E A B, C, Ex &Z(powder)o]
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Table 2 Chemical compositions of bentonite grouts used in this study .

. Oxides (wt. %)
Materials -

-] Si02 | Al203 |Fe203| CaO | MgO [ NazO | K20 [Others| LOI | Total

Bentonite A~ (DY-100). 57.5820.89] 2.90 | 2.08 | 438 | 401 | 0.12 | 017 | 7.87 | 100
Bentonite B® (DY-100S) 62.05115471 247 | 285 467 | 383 | 0.15 | 0.33 | 813 | 100
Bentonite C~ (Montigel F) 6318|1361 273 | 253 | 269 | 304 | 067 | 1.07 |1048| 100
Bentonite DM (EZ-SEAL) 65.3419.281 348 038 ] 167 | 234 | 010 | 0.29 | 7.12 | 100
Bentonite Eé) (Thermal Grout Select)| 66.60|17.60} 3.67 {057 | 1.80 | 250 | 031 | 0.30 | 6.65 | 100

1) and 2) Dongyang Bentonite; 3) Sude-Chemie Korea; 4) Baroid Industrial Drilling Products;

5) Black Hills Bentonite
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Table 3 Parameters and uncertainties

Parameters Uncertainty
Temperature, T° +0.1C
Voltage, V +3.0%
Current, [ £0.05%
Thermal conductivity, k& £3.‘03%
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Fig. 42 20%$} 30% <4 WEVoE Ag|E
fes dAEEE £33 Aol 20% &5
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&, 183 30% & MEYEQ A 07962~
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21 Bentoite C (Montigel F), 30% solids ]

0 ; - v ——————r
0 5 10 15 20 25 30 35 40 45 50 55 60

time, ¢ [s]
12 —
10{ (b) In¢ vs. temperaure rise

o8 ]
6] linear regression fit 1
(]
< 4 ]
2 6
0 .
0 i 2 3 4

average k = 0.8176 W/m°C
1 2 3 4 5 6 7 8 9o 10

Number of measurements

Fig. 3 Typical measurement results: (a) tem-
perature rise; (b) temperature rise as a
function of natural logarithm of time;
(c) reproducibility of measurements.
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Neat bentonite grouts, 20% solids
A: DY-100, B: DY-100S, C: Montigel F }
D: EZ-SEAL, E: Thermal Grout Select
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A B C D E
Neat bentonite grouts
(a) 20% solids
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1.8
1.6
1.44
1.24

- e 7
0.8 -Pé/ @ —v—Bentonite D (EZ-SEAL) 1
—O—Bentonite E (Thermal Grout Select)

T T T

0 10 20 30 40 50 60
Silica sand by weight of mixture %]
(a) 20% solids bentonite based

20% solids neat bentonite based *
—o—Bentonite A (DY-100) b
—OoO-—Bentonite B (DY-100S)

—o~—Bentonite C (Montigel F)

[

Thermal conductivity, k {W/m'C

o
.l

e
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s:)
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Neat bentonite grouts, 30% solids
A4: DY-100, B: DY-100S, C: Montigel F
D: EZ-SEAL, E: Thermal Grout Select

1.2
1.1
1.0
0.9

Thermal conductivity, kK [W/m°C]

A B C D E

Neat bentonite grouts
(b) 30% solids

Fig. 4 Thermal conductivity measurements of neat bentonite grouts.

HAFAE HoM8 S o, 2+ £ 8 NE29 &4
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ol e Ao E Wed

Fig. 69 (a)& 30% WlElolE C(Montigel F)
of Yt 2717t - HAFAIE FUsrd e W,
A= 2717 EARE Frte) uAe 9FES
Bl Aot EE AEAA IAEE F7}d
3 BAdHA BEL FAEET G2 o] A

— 2_2 T T T T T
L 30% solids neat bentonite based
g 2.0 —a—Bentonite A (DY-100) b
= 1.8 —0—Bentonite B (DY-1008S)
: . { —2a-~—Bentonite C (Montigel F) ﬁ
> 1.6 b
£ ] 1
= 1.4 b
131
B |
g 12 _ ]
S it

01 = ]
= 1.0 =2
E 0.8~ —v—Bentonite D (EZ-SEAL) T
[_—E 06 —O&—Bentonite E (Thermal Grout Select)

0 10 20 30 40 50 60
Silica sand by weight of mixture [%]
(b) 30% solids bentonite based

Fig. 5 Thermal conductivity measurements of bentonite-silica sand grouts.



A% dugy] Bolg 1#eY ARY YHEE 574 e

]

Bentonite C (Montigel F)
2.0 30% solids neat bentonite based b
Silica sand particle size
o 0.05mm
164 © 01imm
& 0.42 mm

Thermal conductivity, K [W/m"C

—

0. 10 20 30 40 50 60
Silica sand by weight of mixture [%)

(a) 309% Bentonite C-silica sand mixture

30% solids neat bentonite based
7 Silica sand particle size

g224 8 005mm

& 0.11 mm

4 042 mm

10 20 30 40 50 60
Silica sand by weight of mixture [%5]

(b) Thermal conductivity enhancement

Fig. 6 Effect of silica sand particle sizes on the enhancement of thermal conductivity.
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A3 3% Fig. 59 2% T4

43 HolM E%2 ¥¥
Fig. 79 (a)& 30% WEUo]E C(Montigel F)

— 2.2

T ——T T T

Bentonite C (Montigel F)

2.0+ 30% solids neat bentonite based b

1.8 o Quartzite sand
“°1 o silicasand

1.64 & Masonrysand

v Limestone

1.4

Thermal conductivity, kK [W/m°C

0.6 Particle size of the additives: 0.11 mm
"0 10 20 30 40 50 60

Additive by weight of mixture [%]

(a) 30% Bentonite C-various additive mixtures

o H7tE & FTH HAVE dAERE FU
d vlAe FFE dEd RelH, Fig.79 (b
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Jtale] gzt 271 P 0.11 mmol™, A&H-&
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A9 F7E 2SS § GVRE BT
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AFAHOOO) BT Q2FAHESZ 378 &

2.6 T T T T T
- 30% solids neat bentonite based
= 24 - . .
- @ Quartzite sand
~g 224 @ Silicasand d
'f. 4  Masonry sand B
5 201 % Limestone 7
g i
S
=] 4
<
E
5 J
o
50 A
g ]
B 08 Particle size of the additives: 0.11 mm

0 10 20 30 40 50 60
Additive by weight of mixture [%]

(b) Thermal conductivity enhancement

Fig. 7 Effect of additives on the enhancement of thermal conductivity.
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