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ABSTRACT: Energy piles, which harness geothermal energy for efficient space heating and cooling, have gained
significant popularity as a means of reducing the carbon footprint of buildings. Thermal properties of soil play a pivotal role
in accurately predicting heat exchange performance, primarily contingent upon factors such as water content, temperature,
and soil porosity. The drastic seasonal temperature shifts attributed to climate change, coupled with cyclic temperature
variations induced by heat exchange operations, can profoundly alter soil moisture content, consequently affecting its
thermal properties. Hence, it is imperative to account for moisture content variations in soils to precisely forecast the long-
term efficacy of energy piles. This study aimed to develop a model setup to investigate the impact of temperature and
moisture content variations around energy piles on their long-term geothermal performance. To facilitate this, a moisture
content measurement sensor was developed, and a model-scale test setup was designed with several different sensor
deployments to monitor changes in soil temperature and moisture content through the application of thermal cycles ranging
from 5 to 50°C. The first temperature measurements from the model-scale test are presented in this study.

RESUME: Les pieux énergétiques, qui exploitent I'énergie géothermique pour le chauffage et la climatisation efficaces des
espaces, ont gagné en popularité en tant que moyen de réduire I'empreinte carbone des batiments. Les propriétés thermiques
du sol jouent un réle crucial dans la prédiction précise de la performance d'échange de chaleur, principalement en fonction
de facteurs tels que la teneur en eau, la température et la porosité du sol. Les changements drastiques de température
saisonniére attribués au changement climatique, associés aux variations cycliques de température induites par les opérations
d'échange de chaleur, peuvent profondément altérer la teneur en humidité du sol, affectant ainsi ses propriétés thermiques.
Il est donc impératif de prendre en compte les variations de la teneur en humidité dans les sols pour prévoir précisément
l'efficacité a long terme des pieux énergétiques. Cette étude visait a développer une configuration de modéle pour étudier
I'impact des variations de température et de teneur en humidité autour des picux énergétiques sur leur performance
géothermique a long terme. Pour ce faire, un capteur de mesure de la teneur en humidité a été développé, et une configuration
de test a I'échelle du modele a été congue avec plusieurs déploiements de capteurs différents pour surveiller les changements
de température et de teneur en humidité du sol grace a I'application de cycles thermiques allant de 5 a 50 °C. Les premicres
mesures de température de la configuration de test a I'échelle du modéle sont présentées dans cette étude.
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1 INTRODUCTION

The concept of energy piles has become increasingly
recognized as an effective method for decreasing the
environmental impact of buildings in recent times.

This method involves integrating circulation loops
within deep foundations to efficiently harness nearby
geothermal energy from the ground's surface for

heating and cooling buildings (Brandl, 2006). Energy
piles enable the process of transferring surplus heat
into the ground during summer, effectively cooling the
buildings. Conversely, energy piles extract heat from
the ground during winter to provide heating for the
buildings. It presents an energy-efficient substitute for
traditional heating and cooling approaches (Sani et al.
2019, Sutman et al. 2020).
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Thermal conductivity plays an important role in
analyzing the heat transfer phenomenon, crucial for
accurately predicting geothermal performance. In the
context of heat transfer within porous media, such as
soils, it is vital to recognize that the overall thermal
conductivity of the medium stems from distinct
contributions of soil grains, water, and air.
Considering that the thermal conductivity of soil
grains is around 10 times the one of water and 300
times the one of air, conductive heat transfer in soils
highly depends on the water content and porosity
(Hashemi and Sutman, 2022). During summer
operation of energy piles, soil temperature increases
due to heat injection into the ground. Temperature
increase leads to a decrease in the viscosity and density
of the water in soil pores, which may result in the water
to flow away from the heat source and leading to a
decrease in thermal conductivity. An inverse
behaviour is expected during winter operations.
Furthermore, the process of injecting heat into
unsaturated soils is complex, involving the interplay of
thermal energy causing both liquid and vapor water
flow, coupled with the transfer of latent heat associated
with phase changes (Smits et al. 2013, Lu & Dong,
2015, Moradi et al. 2016, Xu et al. 2019).

Consideration of the variations of soil thermal
properties during the lifetime of energy piles is of
paramount importance for the long-term analysis of
their geothermal performance. Yet, most numerical
simulations assume that the thermal properties are
constant despite variations in water content and
temperature. Thus, this study aims to develop a model-
scale test setup to investigate the impact of
temperature and moisture content variations around
energy piles on their long-term geothermal
performance.

2 TEST SETUP

A model-scale tank setup has been planned to observe
the changes in the thermal conductivity of the soil
based on temperature and water content variations
triggered by operation of a model-scale energy pile.
The dimensions of the model tank are 75x75x100 cm.
The soil used in the test consists of 93% silica sand and
7% kaolin clay mixture. The hydraulic conductivity of
the mixture was determined to be 1x10”" m/s through
the constant head permeability test. Compaction tests
were conducted to determine the optimum water
content value of the mixture, and a water content value
of 8% was chosen for the test.

In the model-scale test, an energy pile with a
diameter of 2 cm and a length of 70 cm is employed.
Heat transfer is accomplished by connecting copper
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pipes, placed at the centre of the pile, to the thermal
bath, which is capable of applying both heating and
cooling episodes. Thermistors have been strategically
placed for temperature measurements at both the
centre and the bottom of the pile.

Within the tank, numerous sensors have been
strategically positioned for measurements of water
content, thermal conductivity, temperature, and
suction. The employed sensors include six water
potential sensors, two thermal conductivity sensors,
three equitensiometer probes, eight thermocouples
(one of them is placed outside of the tank to measure
ambient temperature), seven thermistors, and seven
water content and thermistor sensors. Before the test
setup, the positions of sensors have been drawn to
scale, including the cables, to ensure they do not
impede the flow during the testing process, which is
shown in Figure 1.
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Figure 1. 3D view of the experimental setup.

Figure 2. View of the 4" level of the setup.

In the tank setup, the soil is arranged in five levels,
and the level heights are determined considering the
sensor positions. A picture from the end of the 4th
level of the setup can be seen in Figure 2. Compaction
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was applied at each level, and sensors were placed at
appropriate depths. The goal was to achieve a
consistent compaction ratio by measuring the quantity
and volume of material used at each level. After the
compaction process at each level, the compatibility of
water content values was verified with samples taken.
Following the placement of piles, soil, and sensors into
the tank, the top surface of the tank was insulated with
suitable  material to  prevent evaporation.
Subsequently, all surfaces of the tank were covered
with thermal insulation, as illustrated in Figure 3.

In the initial stage of the test, a constant
temperature of 50°C was applied.

Table 1. Locations and elevations of sensors.

Sensors Location Elevation (cm)
2 cm to the pile 55 cm
4 cm to the pile 55 cm
Water Potential 6 cm to the p?le 55 cm
2 cm to the pile 82 cm
4 cm to the pile 82 cm
6 cm to the pile 82 cm
36 cm to the edge 0cm
18 cm to the edge 0 cm
3 cm to the edge 0cm
3 cm to the edge 20 cm
Thermocouple 3 cm to the edge 40 cm
3 cm to the edge 60 cm
3 cm to the edge 80 cm
Ambient -
Thermal conductivity 2 cm to the pl_le 55 cm
4 cm to the pile 55 cm
1 cm to the pile 55 cm
3 cm to the pile 55 cm
Water Content 5 cm to the pile 55 cm
& 7 cm to the pile 55 cm
Thermistor 10 cm to the pile 55 cm
16 cm to the pile 55 cm
22 cm to the pile 55 cm
1 cm to the pile 20 cm
3 cm to the pile 20 cm
5 cm to the pile 20 cm
Thermistor 7 cm to the pile 20 cm
10 cm to the pile 20 cm
16 cm to the pile 20 cm
22 cm to the pile 20 cm
16 cm to the pile 55 cm
Equitensiometer probe [ 20 cm to the pile 55 cm
24 cm to the pile 55 cm
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3 RESULTS

Throughout the test, the temperatures measured at the
pipe inlet and outlet are depicted in Figure 4. Despite
the application of a constant temperature of 50°C in
the test, the measured value at the pipe inlet averaged
48°C. This deviation is attributed to the fact that the
connection pipe between the thermal bath and the pile
is outside the tank insulation and is affected by the
ambient temperature, resulting in a 2°C temperature
loss. The pipe outlet temperature was measured at an
average of 38°C.

The temperatures measured by the thermistors
inside the pile are depicted in Figure 5. At the mid-
level of the pile, the temperature values average
around 42°C, while at the lower level, they have risen
to an average of 36°C.

Of the eight thermocouples used in the test, seven
were placed on the lower and side surfaces inside the
tank. The remaining thermocouple was used to
measure the ambient environment, aiming to assess
insulation ~ performance. The  thermocouple
measurements taken during the test are presented in
Figure 6. While ambient temperatures can vary up to
6°C throughout the day, this variation is limited to
approximately 1°C on the inner surfaces of the tank,
close to the boundary.
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Figure 4. Inlet-outlet temperatures of the pipe.
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Figure 5. Temperatures at the middle and bottom of the pile.
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Figure 6. Temperatures at the boundaries of the tank.

4 CONCLUSIONS

Long term performance of energy piles is depended on
soil thermal properties and therefore, it is a changing
property with respect to the temperature and
volumetric water content of the soil medium. As
heating-cooling  cycles occur, soil thermal
conductivity might increase or decrease. Therefore,
this paper develops a comprehensively instrumented
model-scale test setup for long-term investigation of
this phenomenon.
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The test was initiated with the stabilization of the
entire system by applying continuous heating. It was
recorded that amount of temperature increase is
different with respect to the sensor-pile relative
positions. The greatest increase was observed at the
vicinity of the pipe inlet while the lowest increase was
obtained the bottom model boundaries, expectedly.
The test is ongoing and the water potential, thermal
conductivity and suction within the soil are
continuously recorded, the interdependency of which
will be identified by heating-cooling episodes.
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