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Abstract: Thermal conductivity is an essential property of the geothermal grout, which in turn is
considered the most important element in a vertical closed-loop ground heat exchanger. The main
aim of this work is to determine the thermal conductivity of four of the most commonly used
geothermal grouting materials using a homemade apparatus, developed by the research team. The
tests were also performed with a commercial thermal conductivity meter, the Shotherm QTM-F1.
Both the homemade apparatus, called MCT, and the commercial thermal conductivity meter are
based on the transient hot wire method. The components used to make the specimens are cement,
silica sand, bentonite, water and superplasticizer. A laboratory mortar mixer was used to prepare
all mixtures. Later, the samples were cured in a water bath for 7 days and finally the samples were
dried at 60 °C for 24 h before testing. Each of the samples tested is formed of two solid rectangular
prisms of the same material and of the same dimensions (180 mm x 70 mm x 50 mm). The obtained
results with the MCT apparatus are similar to the data reported in the literature and to those
obtained using the Shotherm QTM-Flthermal conductivity meter. The deviations of the values
measured with the MCT apparatus are, in all cases, less than 10%.
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1. Introduction

Figure 1 shows the main elements of a vertical closed-loop ground heat exchanger which has a
wide variety of applications in buildings (heating, domestic hot water and air conditioning),
industrial processes, greenhouses, fish farming or balneotherapy.

In most of the vertical closed-loop ground heat exchangers the material used to fill the gap
between the pipe and the borehole wall is the geothermal grout which is considered the most
important element in a vertical closed-loop ground heat exchanger.

On the other hand, the thermal conductivity of the geothermal grout plays a vital role in
conducting heat to the installation [1]. Geothermal grout should have a high thermal conductivity
[2]. This property indicates its ability to transfer heat by conduction. It is given in W/m-K and is
typically characterized by the letter A.
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Figure 1. Main elements of a vertical closed-loop ground heat exchanger.

In solid materials thermal energy is transported by the phonons and by the free electrons, being
the total thermal conductivity expressed as the sum of the phononic contribution and the electronic
contribution [3].

Thermal conductivity varies with the chemical composition, temperature, porosity, water
content and particle distribution. The measurement of the thermal conductivity is very difficult and
requires high precision in the determination of the parameters involved in its calculation [4].

2. Materials and Methods

Four of the most commonly used geothermal grouts have been made. The materials used are:
cement (c), silica sand (s), bentonite (b), water (w) and superplasticizer (r). Table 1 shows the materials
used for making the four samples. Each of these samples is formed of two solid rectangular prisms
of the same material and of the same dimensions (180 mm x 70 mm x 50 mm). The M1 sample is a
bentonite-based grout. The other samples (M2, M3 and M4) are cement-based grouts.

Table 1. Samples and materials used.

Sample Cement Silica Sand Bentonite Water  Superplasticizer
M1 X X
M2 X X
M3 X X X X
M4 X X X X

Table 2 shows the dosage (by weight) of the four samples where (s/c) is the silica sand to cement
ratio, (b/c) is the bentonite to cement ratio, (w/c) is the water to cement ratio, (w/b) is the water to
bentonite ratio and (r/c) is the superplasticizer to cement ratio.

Table 2. Dosage of the samples.

Sample s/c b/c w/ic w/b 1/

M1 4

M2 0.25 0.02
M3 2 0.42 0.02
M4 020 0.52 0.02

Wooden molds have been used (Figure 2a). For making the mixture a laboratory mortar mixer
was used (Figure 2b).
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(b)
Figure 2. (a) Mold; (b) Mixer.

The samples were cured in a water bath for 7 days and then they were dried at 60 °C for 24 h
before testing.

Thermal conductivity was measured using a homemade apparatus developed by the research
team and using a commercial thermal conductivity meter (Shotherm QTM-F1). Both the homemade
apparatus, called MCT, and the Shotherm QTM-F1 are based on the transient hot wire method. Figure
3 shows the MCT apparatus and Figure 4 shows the Shotherm QTM-F1.

(a) (b)
Figure 3. MCT. (a) General view; (b) Detail view.

Figure 4. Shotherm QTM-F1. (a) General view; (b) Detail view.

All the measurements of thermal conductivity were made at room temperature, specifically with
a relative humidity of 65% and a temperature of 25 °C.

Three tests have been performed on each sample. The thermal conductivity of each sample is the
average value.

3. Results and Discussion

The results of the measurements and the deviations are presented in Table 3.
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Table 3. Thermal conductivity measurements and deviations.

Literature = Shotherm QTM-F1 MCT
Sample AlLiterature AShotherm QTM-F1 Amct Deviationto  Deviation to
[W/m-K] [W/m:-K] [W/m-K] AlLiteratura AShotherm QTM-F1
M1 0.70 0.71 0.70 +0.00 -1.41
M2 0.80 0.79 0.82 +2.50 +3.80
M3 1.50 1.63 1.58 +5.33 -3.07
M4 0.80 0.84 0.81 +1.25 -3.57

It can be observed that the obtained results with the MCT apparatus are similar to the data
reported in the literature (a maximum deviation of 5.33% is obtained) and to those obtained using
the Shotherm QTM-F1thermal conductivity meter (a maximum deviation of 3.80% is obtained).

4. Conclusions

The thermal conductivity of four of the most commonly used geothermal grouting materials has
been measured using a homemade apparatus, developed by the research team, and a commercial
thermal conductivity meter.

The deviations of the values measured with the MCT apparatus are, in all cases, less than 10%.
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