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ABSTRACT

The current study aims to study the thermal parameters of the vertical
heat exchanger. The vertical heat exchanger was chosen as a source of
heat , which was implemented on the grounds of the Technical College of
Engineering in Najaf / Al-Furat Al-Awsat Technical University. The heat
exchanger consists of a tube with a length of (2m) and an outer and inner
diameter (14.5, 14.2 cm), respectively, containing two polyethylene tubes
to enter and the exit of the liquid with a diameter of (2.5 cm) for both

tubes.

The continuous operation mode (short time) was tested for four and a half
hours daily from (8:30 am -12:30 pm) for a period of three and a half
months (November, December, January, February) at the entrance
temperature (40.50 ,60 °C) °C and liquid volume flow rates (2.5, 1, 1.5,
0.5 LPM) for dry soils.

Where the total heat transferred to the soil, the heat transmitted by
conduction to thermocouples at a distance (0.6m ) and the heat stored in
the soil, as well as the calculation of Fourier number and the heat

saturation percentage of the soil were calculated.

The best total heat transferred to the soil after four and a half hours of
continuous operation was at inlet temperature (60°C ) and flow rate
(2LPM ) and its value (192.44W ),

The best conductive heat transfer (Q0.6m) was at inlet temperature
(60°C) and flow rate (2LPM ) and its value (61.522W )



The best Soil stored heat (Q stored) was at inlet temperature (60°C) and
flow rate (2LPM ) and its value (168.78W )

The best soil heat saturation ratio was at the inlet temperature (60°C),
flow rate (0.5LPM ) and its value (0.7168 ).

At the inlet temperature (50°C) the value of the heat stored in the soil (Q
stored) was very low due to the high moisture content of the soil due to

precipitation during the test period.
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CHAPTER ONE
INTRODUCTION

1.1 Introduction

Geothermal is an expression derived from two Greek terms, thermal
and geo, which express heat and earth, respectively. Geothermal energy
means heat in the ground. This energy is classified as renewable energy
and is obtained from inexhaustible sources of fossil fuels. Geothermal
energy sources do not depend much on external factors Like the sun and

wind it is by far the most renewable and efficient.[1] .
1.2 Geothermal Energy (GE)

One of the well-known facts is that the inner parts of the Earth are
very hot, as most estimates indicate that the temperature ranges between
200-1000 °C at the base of the earth’s crust, and the high temperature
ranges between 3500-4500 °C in the center of the Earth. [2]

Heat is mainly transmitted by conduction from inside the earth to the
surface of the soil, and this heat transfer leads to an increase in the
temperature by an average of 25-30 ° C / km in the high depths of the
crust. Wells for geothermal output are typically more than 2 km deep.
The amount of heat energy that earth produces is staggering. Thermal
energy in the ground is sufficient to meet the energy needs of all countries
in the world.
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Geothermal energy provides electrical energy in more than 25 countries.
Five of them receive 15-22% of the national electricity supply from the
production of geothermal energy,and the countries that use geothermal
energy directly, more than 78 countries in shower, cooling and heating
applications. At the end of 2020. and geothermal energy use worldwide
reached 57 TWI/y of electricity power and 76 TW/y for use of
direct[2],[3].

According to some studies, geothermal energy is cheaper, more efficient
and cleaner than all other fossil fuels. Geothermal energy is obtained
without burning any fossil fuels and with low emissions of carbon
dioxide, nitrous oxide or sulfur gas by geothermal power plants. For
example, in Iceland, Reykjavik is known as the cleanest city in the world
because almost 95% of buildings use geothermal energy.[4]. The energy
known as geothermal energy can be extracted and used in many ways
anywhere on the surface of the earth, and it is a practical option available
to all Iragi farms. Humans use geothermal energy to generate electric
power and for cooling and heating purposes in buildings and greenhouses
and many other uses, as well as geothermal energy can be produced on
wide range, 24 hours a day without emitting any greenhouse gases,
making it the unfeasible and sustainable alternative to reduce dependence
on global warming and fossil fuels.[1]. Most applications of geothermal
energy have been identified as efficient cooling and heating for
residential areas. This efficiency is 20 - 40 % greater than the cooling
systems currently in use 50 - 70 % greater than the conventional heating

systems and There are also very low utility bills for this high efficiency.

2
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Irag climate can be defined as a hot, dry, semi-tropical one. The
temperature often reaches 50 °C in August and July, and the average
temperature in the summer is approximately 40 °C. These climatic
conditions cause an increase in the temperature in the summer and a
decrease in the winter, and this leads to an increase in electricity
consumption due to the use of air conditioning systems that provide
appropriate comfort conditions. Iraq is located within the middle east,
with a territory 437,072 km? it has a population of approximately 36
million people. This country suffers from major problems such as the lack
of electricity, which is likely to increase with the passage of time.
Approximately 70% of electrical energy is consumed locally, and electric
heaters and air conditioners occupy a large part of this percentage of
electricity consumed in the winter and summer months. [5]. Because Iraq
is suffering from a severe shortage of electric power production,
geothermal energy can be a better alternative to reduce the consumption
of electrical energy, as geothermal energy is environmentally friendly and
clean energy. Thus, earth tube heat exchanger (ETHE) could be the ideal
system and option for harnessing alternative energy (geothermal energy)

low cost without affecting the standard of living.
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1.3. Types of ground heat exchangers

The heat pump unit can be connected in the GHPS system to the
geothermal heat exchanger in two general types, denoting closed - loop
and open - loop ground heat exchangers[6] . These two ground heat
exchangers are introduced in the following sections. To select appropriate
type of geothermal system, It is critical to investigate heat flow, geology,
fluid dynamics, hydrogeological system, faults and fractures, local rock

sequence and stress system [7],[8].
1.3.1. Open-loop heat exchangers

An open-loop ground heat exchanger system is a system that pumps
water from a water source to provide heat for the heat pump, the heat
pump's water is discharged into drains, groundwater, or surface water
bodies. The discharged water can be used for a variety of applications,
such as irrigation, consumption, and so on. Most installations are based
on a well-doublet scheme in a shallow aquifer including an extraction
well, which pumps groundwater, and an injection well where the cooled
or warmed water is injected back into the same aquifer at the same rate,

but at a different temperature.

The depth of the wells is typically less than 50 m. depending on the type
of water intake and outflow sources, open-loop heat exchanger systems

can be connected in a variety of ways. [9] , a typical open-loop heat

exchanger is shown in Fig 1.1.
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b N

& =
‘7’%

Figure 1.1. A typical open-loop ground heat exchanger [10]

When compared to closed loop systems, open loop systems are thought to
offer higher thermodynamic performance and a cheaper cost. [11].
However, the system is not available in water shortage areas and its

environmental risk is higher due to water pollution.
1.3.2. Closed-loop heat exchangers

The closed-loop ground heat exchangers are the most frequently
applied ground heat exchangers[12], They can be buried horizontally,
vertically, or obliquely, and a heat carrier medium is circulated within the
heat exchanger to transfer heat from the earth to a heat pump or vice
versa.[10]. There are also closed-loop heat exchangers installed in rivers

or seas to absorb or reject heat for buildings beside waters[13] .

5
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Vertical Loop

-
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“/

Horizontal Loop ‘
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——

Pond or Lake Loop

<=

Figure 1.2. Three typical closed-loop ground heat exchangers:

@ BHE (b) energy pile and (c) HGHE Three typical

closed-loop ground heat exchangers are shown in Fig 1.2. BHE (Fig 1.2-a)
is commonly installed vertically beneath the ground surface, commonly
ranging between 20 and 200 m. The ground heat exchanger is
traditionally surrounded by grout, and the diameter for the borehole
ranges between 10 and 15 cm[14]. To satisfy the energy demand of a
building, multi-boreholes are conventionally drilled with at least 4.5 m of

spacing between 2 boreholes[9] .
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1.4. Thermal Properties Near the Ground Surface

The soil and rocks that are located between (200-300 m) below the
ground surface act as a heat sink that grows in reaction to two sources of
heat. The first source is heat flux from the ground interior, with an
average (87 * 10-3 W /(m2-K). The cause of this heat is the gradual
cooling of the ground interior and radioactive decay in the crust, where
temperatures exceed (60 °C) at depths of (1-2 km) with thermal gradients
varying from (0.5-1.5 °C) every (30 m). The second source is the surface
temperature which graded from (5 to 50 °C). Its differential can vary from
a location to another, often due to the variability in air temperature, which
is variable seasonally. There is a relationship between the soil
temperature and depth in the various seasons for wet and dry soils as
shown in Fig (1.3), where the outer curves represent the gradation of the
wet soil temperature with the difference in depth, and the internal curves
represent the dry soil. The difference between the curves is due to the
different thermal conductivity of the soil[15]. Studies also show that
temperature differences near the surface of the earth decrease at certain
depths in the soil, and the temperature stays fairly stable at distance (2-5
m), as shown in the fig (1.4). It is attributable to the increased thermal
inertia of the Earth surface, as well as the influence of time lag between

the changes in temperature of surface,

on the temperature of soil at different depths. As a result ¢« solar

irradiation activity is not absorbed into the soil at very deep levels [16].

Accordingly, the GHE installation site was chosen at a depth (2 m).
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1.5 Geothermal Applications

Because geothermal energy is a major source of electric power, it
also provides a variety of options for air conditioning (heating and
cooling), swimming pools, and agricultural applications. The first is
(geothermal power stations), and the second is (ground source heat
pumps). It is used to cool homes in the summer and heat them in the
winter. Energy generation and direct usage are the two main types of

geothermal applications.
1.6 Direct Use

In general, geothermal exchange systems consist of a ground coupled heat
pump (GCHP) and a ground tube heat exchanger (GTHE), with the heat
pump connected to the geothermal heat exchanger to provide heating and
cooling for homes, commercial and industrial structures, greenhouses,
and other structures. Where the earth is the primary source of energy, the
system might be hot or cold depending on the season. The direct use of
geothermal energy relies on the temperature of the soil or generally
steady groundwater and is available anywhere in the world between (4°C
to 30°C) [17]. With the exception of seasonal variations, temperatures at
1-m and beyond are constant. At a depth of 1 m, the low temperature
ranges from 21°C in January to 30°C in June. for the same period, the
temperature varies between 22 °C and 28.4 °C at a depth of 2 m, and
between 24 °C and 29.8 °C at a depth of 3 m. Depending on the global
position, in recent decades, ground temperature has been studied[18],
[19]. Implementing a GHE system for building cooling is a type of energy
source that saves energy and minimizes fossil fuel-related greenhouse gas

emissions. 9
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The GHE system also had a lot of potential for greenhouse cooling, as it
can control humidity and lower interior air temperature by up to 6 degrees
Celsius[20].

The nomenclature of earth tube heat exchangers (ETHE) differs
depending on the working fluid.When air is the fluid to be conditioned,
earth to air heat exchangers (EAHE) are used, and when water is the fluid
to be conditioned, earth to water heat exchangers (EWHE) are used.
EWHE heat exchangers were employed in this research. When compared
to earth air heat exchangers (EAHE), (EWHE) has a number of
advantages [21], as follows:
1. water is used with small diameter tubes, EWHE are less expensive and
easier to install.
2. EWHE has a simpler architecture, it requires less maintenance.
3.EWHE uses around 33% less yearly energy.
4. The temperature outside is either hot or cold. Additional temperatures

are not required for EWHE.

5. The coefficient of performance (COP) for (EWHE) averaged about 3
compared to 2 for (EAHE).

Because the temperature of the soil remains relatively constant at a depth
of 2 m below ground, this energy has been utilised in cooling and heating
applications by forcing water or surrounding air into a buried tube. When
water or air passes through the buried tube during the summer, heat is
transmitted from the air or water to the earth via convection and heat

conduction.

10
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During winter, heat is transmitted from the soil to the tube by conduction,
then to water or air by convection as the water or air travels through the
buried tube [22]. In various parts of the world, practical and theoretical
researches and experiments on the ground tube heat exchanger system
have been conducted. The goal of this project is to investigate the effects

of various parameters on system performance.

Early testing on the performance and capacity of the ground pipe heat
exchanger was carried out in the United States. The theory of operation of
the ground tube heat exchanger, as well as its numerous applications for
heating and cooling in residential, industrial, and commercial structures,
make it evident that achieving the intended results and aim takes time.
After a period of continuous and long work, there is often a problem with
these systems, which is the deterioration or decrease of the thermal
performance of heat exchangers, that is caused by the accumulation of
heat rejected by the exchanger in the soil around the heat exchanger tubes
in the cooling season, and the accumulation of coldness in the soil around
the heat exchanger tubes in the heating season. Due to heat and cold
accumulation, several experimental and theoretical investigations have
shown a deterioration in the thermal performance of heat exchangers and
heat pumps that are related to the ground. To supply cooling and heating,
an experimental study on the geothermal heat pump system was done.
The findings reveal that the system's performance is influenced by
operating modes and situations. In the experimental setup, the heat and
cold accumulated in the soil during the cooling and heating processes

were calculated [23].
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The effort and performance of a horizontal geothermal exchanger were
studied using numerical simulations. Part of the findings revealed that
running the system sporadically increases the amount of heat delivered to
the soil more than running it continuously. By doing a CFD simulation of
3D models to establish techniques for enhancing designs for horizontal
geothermal heat exchangers, it was proposed that prospective methods for
improvement are a result of this work. The GHE operates at a high heat
exchange rate before the soil becomes heat saturated as a result of the
exchanger's continuous activity, the ground should be allowed to
reestablish thermal equilibrium, or at least a portion of it, until the next
cycle [24].
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1.7 Research problem and objectives of the thesis

According to that literature review, it has been seen that limited studies
have been published on study of thermal parameters of vertical
geothermal heat exchanger in Najaf city. Besides, the previous
experiments concentrated on a nevow variety of operational condition,
which are not sufficient to show the process by which the vertical G.H.E

caused improvement of thermal parameters.

The present work my be adopted to fill avoid that exists in the literature

with the following points.

1- proposed a now rule for thermal parameters of G.H.E to explain the

trend of condition and stored energy through the sand soil.

2- investigate a wide range of parameters that were non_investigated
from before, such as different airflow rates with different inlet water

temperatures.

3- Investigate the effect of furrier number with saturated of sand soil

13
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1.8 Thesis outline

the present thesis divided in to five chapters, as following .

K/
0’0

*,

L0

>

the current chapter/chapter one is a general introduction to geothermal

energy enhancement and applications.

chapter tow present a review of literature that is relevant to the topic
of the present thesis. these studies include the most popular

geothermal enhancement techniques and applications of G.H.E.

chapter three describes the experimental work. A description of
experimental apparatus used to investigate the effect of volumetric
water flow on heat transfer characteristics of a vertical G.H.E the
procedure of the experiments performed and the physical properties of

the working fluid are outlined in chapter three .

chapter four presents the discussion of the experimental results for

various parameters at different operational conditions .

chapter five is about the conclusions obtained from the experimental

study and provides some recommendations for future work.
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CHAPTER TWO

LITERATURE REVIEW

2.1 The Study of Properties and Ground Thermal Behavior
2.2.1 Thermal Properties of Soil

Thermal properties of soils anywhere are in a state of constant flux,
due to daily and seasonal variations. Thermal properties of soil are
affected by the volumetric water content of the soil, the air volume
fraction and the soil solids volume fraction. These properties are
important in every aspect of soil geotechnical and mechanical engineering
and they indicate how much energy is being partitioned into a soil profile.
The amount of energy distributed across a cross-section of the soil, from
the surface to several depths, correlates with thermal properties, such as
thermal conductivity, with soil temperature and reflects heat transfer
through the solid by radiation, conduction, and convection. Temperatures
are hotter at the surface and decrease with depth, depending on the

thermal properties of the soil.

N.H. Abu-Hamdeh[26]. studied the effect of bulk density and
moisture content on the thermal conductivity of some Jordanian soils
through laboratory studies. The soil used was classified as sandy, sandy
loam, and loam. The hot wire method was used for experiments. Heating
and cooling methods were used to evaluate the thermal conductivity for
soil types and the results obtained with the two methods were compared.
Thermal conductivity increases with increasing soil density and moisture

content.
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It was found that the soil had a higher proportion of clay particles the
thermal conductivity was lower. Graphical comparisons of the thermal
conductivity of both methods, cooling and heating were obtained for each
soil type. In general, the heating data yielded thermal conductivities that
were slightly higher than those derived from the cooling data. The results
of the cooling process show that the conductivity varies with the bulk
density and moisture content, and the texture of the soil. In general, for
the four soil types used in this study, an increase in moisture content at a
given density increases the thermal conductivity. At a given moisture
content, an increase in soil density leads to an increase in heat
conduction. This is in complete agreement with the results obtained using
an electric wire heating process. The heating data yielded a thermal
conductivity that was slightly higher than that derived from the cooling

data. clay soils had lower thermal conductivity than sandy soils.

Nikiforova, Savytskyi[27]. studied the research and development of
physical and thermal properties of different types of soils to meet the
challenges of the earth, protected buildings and green roofs, the use of
heat pumps to determine the thermal conductivity of the soil, and the
analytical dependence where the thermal conductivity and thermal
diffusion coefficient of different types of soil (sand and clay) and soil
moisture were obtained. Then get empirical data about the thermal

conductivity of the soil.
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Syaharudin Zaibona, Stephen H. Andersonb[28]. studied to determine
the effects of topsoil thickness on the thermal properties of commutative
soils. The experiment was conducted at the University of Missouri,
Southern Farm Research Center (38°54'N, 92°16W). Plots were planted
either to electric grass or corn (Zea mays L.)-soybean (Glycine max (L.)
Merr.) in four replicates. Cores of undisturbed soil (7.6 x 7.6 cm) and
bulk soil were collected from two depths (10 cm increments) to determine
the thermal properties. Thermal conductivity, volumetric heat capacity,
and thermal diffusion were measured at 0,33 —100 and —300 kPa soil
water pressures. In addition, soil organic carbon (SOC), bulk density (Db)
and water content (0) bent were also included. The results showed that the
switch grass treatment had 23% higher concentration, 5-8% higher and
11% lower dB than the row crop treatment. In turn, the switched turf plot
showed a 5-7% decrease in D, an 8-9% decrease in D, and a 2-3%
increase in CV. The shallower topsoil thickness exhibited increased
thermal properties (A, D and Cv) relative to the deeper topsoil thickness,
likely due to higher clay content in the topsoil horizon and associated
height 0. This study contributes to a better understanding of the effect of
loss of topsoil and perennial vegetation on the thermal properties of soils

in degraded landscapes.

Jose Manuel and Ujar Marquez[29]. studied a methodology and an
indirect measurement system for measuring the thermal diffusion of soil
at a given depth by measuring its temperature at that depth from VLEGE
very low geothermal systems, which is simple and inexpensive because it

can benefit from mandatory geotechnical excavation
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before construction of a house or building to take temperature
measurements at the same time that allows obtaining the actual
temperature and geothermal diffusion for the depth of interest. Heat
exchange between fluids and the ground is based on the fact that the
temperature varies throughout the year depending on the difference
between the incoming fluid and the ground and the depth at which the
heat exchanger is buried. With depth, the ground temperature change
capacity is greatly reduced, and tends to settle in the mean temperature of

the place for higher heating and cooling.

Figure 2.1. The relationship between the average monthly temperature and soil depth. [29]

Thermal conductivity Volumetric Heat Thermal Diffusivity (10°
Rock type (W/m.k) capacity m?/'s)
Min Typ Mlax (NS k) Win Typ Max
Basalt 1.3 1.7 2.3 2.6 0.5 0.65 0.88
Greenstone 2 2.6 2.9 2.9 0.659 0.50 1
Gabbro 1.7 1.5 2.5 2.6 0.65 0.73 0.26
Granite 2.1 3.4 4.1 3 0.7 1.13 1.27
Peridotite 3.8 a 5.3 2.7 1.41 1.48 1.96
Gneiss 1.9 2.9 4 2.4 0.75 1.21 1.67
Marble 1.3 2.1 2.1 2 0.65 1.05 1.55
Mica schist 1.5 2 2.1 2.2 0.68 0.91 1.41
Shale sedimentary 1.5 2.1 2.1 2.5 0.6 0.84 0.84
Limestone 2.5 2.8 4 2.4 1.04 1.17 1.67
Loam 1.5 2.1 3.5 2.3 0.65 0.91 1.52
Quartzite 3.6 6 6.6 2.2 1.64 2.73 3
Salt 5.3 5.4 5.4 1.2 4.42 4.5 5.33
Sandstone 1.3 2.3 3.1 2.8 0.46 0.82 1.82
Siltstones and argillites 1.1 2.2 3.5 2.4 0.46 0.92 1.46
Dry gravel 0.4 0.4 0.5 1.6 0.25 0.25 0.21
Water saturated gravel 1.8 1.8 1.8 2.4 0.75 0.75 0.75
Dry sand 0.3 0.4 0.55 1.6 0.15 0.25 0.24
Water saturated sand 1.7 2.4 5 2.9 0.59 0.83 1.72
Dry caly/silt 0.4 0.5 1 1.6 0.25 0.21 0.62
Water saturated caly/silt 0.9 1.7 2.3 3.4 0.26 0.5 0.68
peat 0.2 0.4 0.7 3.8 0.05 0.10 0.18

table 2.1 Thermal conductivity, volumetric heat capacity and thermal diffusivity for different

kinds of soil.
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Zahraa. S. Abdzaid[30]. studied the design and testing of the horizontal
two-layer heat exchanger as a closed system to reduce the space required
for the installation of horizontal single-layer heat exchangers. Two grids
are designed in a serpentine shape where the tubes of the two grids face
each other in a stepped manner. When operating the system in dual layer
mode, there is a difference in average temperatures (15.96) ° C as shown
in fig (2.1). When the system is operated in a single layer mode, the
highest difference in the average temperatures is (15.8) and (13.4) ° C as
shown in fig (2.2), and therefore the thermal performance coefficient of
the heat exchanger for the double layer mode is better than for the single

layer mode.

at depth 3m(4lpm)
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Figure.2.1: the relationship between temperature difference and time when flowrate
(4 LPM) and for the first-layer.[30]
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at depth 2.5m(4lpm)
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Figure. 2.2: the relationship between temperature difference and time when flowrate
(4 LPM) and for the second-layer[30]

Harith Essa[31]. studied the performance of the horizontal two-layer
heat exchanger system at the College of Engineering in Najaf in the mode
of continuous and alternating operation, and the heat accumulation
around the layers of the heat exchanger. The alternating operation mode
of the exchanger showed better performance than the continuous
operating mode of the exchanger with an improvement in the thermal
performance coefficient by 15.9% at a flow rate of 4 liters per minute as
shown in fig (2.3), where there was a decrease in the thermal performance
coefficient of the geothermal exchanger under the same conditions due to
the heat accumulation formed around the layers of the geothermal heat

exchanger horizontal.
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Figure. 2.3: Coefficient of performance for various flow rates at a constant input

temperature (40°C) for the alternating operating mode of the heat exchanger. [31]

Tessy Chacko , Renuka[32]. studied soil characteristics and year-round
air temperature in Cariapatum , Ker State. The amplitude and phase
angles of the first and second harmonics were used to determine the
thermal diffusion (ks) of the soil using range and delay methods, as well
as the amplitude and phase angles of the first and second harmonics. Both
strategies provide similar results. Heat flow has an effect on daily
fluctuations. Soil moisture and incoming solar energy. On dry days, the
net heat flow is sent to the soil, while on rainy days, it is directed to the

air. as shown in fig (2.4).
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Temperature (°C)

Time (hours, IST)

Figure 2.4 on the 22nd of January, 2001, there was a diurnal change in air
temperature.[32]

Barbara Larwa, Krzysztof upiec[33]. studied the use of the analytical
model of solenoid geothermal exchangers for heat transfer. A comparison
was made to the specific GTT values based on the analytical dependence.
The inconsistency of the temperature profile relative to the level at which
the heat exchanger is observed and compliance with the analytical results
and experimental values of one loop is the basis for modeling. as shown
in fig (2.5).
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Figure. 2.5 Temperature excesses in point sources: immediate and continuous courses. [33]

Zhao M.[34]. studied the simulation of the geothermal heat exchanger
system to know the thermal properties of the soil and the heat transfer
mechanism and their effect on the performance of the geothermal heat
exchanger. The thermal qualities that gave ground tube heat exchangers
their high thermal inertia are directly related to their performance.
Conduction, convection, and radiation are used to demonstrate the soil's
heat transport process. Except for quick water absorption after irrigation
or heavy rain, heat conduction occurs in soil, although the main mode of
heat movement is through liquid and solid elements. When the
temperature is high, radiation only acts in dry, permeable soils. The
thermal conductivity and heat capacity are thus the major characteristics
impacting the thermal behavior of the soil, and they can be described
together under the concept of thermal diffusivity as shown in the Fig
(2.6).
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figure.2.6 different soil thermal conductivity as a function of moisture percent by

weight.[34]

Quirijn de Jong van Lier[35]. studied the determination of the thermal

diffusion of soil from temperature measurements for half an hour using

three procedures to calculate the capacity ratio, phase delay and Seaman

procedures using soil component parameters to evaluate techniques and

methods for determining thermal conductivity for short wave durations

with modest temperature differences. The suggested method using the

daily phase delay between sine waves to determine thermal diffusion

resulted in coherent values for thermal diffusion where the temperature

gradient is quite steep over longer periods, especially for depths where

the temperature differences are minimal. as shown in fig (2.7).
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Figure 2.7 The amplitude ratio approach, the phase lag method, and the Seaman
method were used to calculate thermal diffusivity D as a function of time for both

Locations and both depth intervals. [35]

Eicker and Vorschulze [36]. studied the operation of the low-depth
geothermal heat exchanger as an efficient heat sink for building up the
energy produced in the summer. Buildings cool down quickly when the
annual average ambient temperature is low enough. In conjunction with
an active cooling system, a heat exchanger replaces a cooling tower. As
an annual average rate for consumption of cold produce electricity, a
performance for a double heat exchanger offered results for a ground
analysis of a superior performance coefficient ranging between 13-20.
The maximum corruption per meter is lower than that of an intended

geothermal heat exchanger,
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ranging from 8 W/m for low depth horizontal heat exchangers to 25 W/m
for vertical heat exchangers. The conductivity of the soil determines how
much energy was wasted by -30%. Polyethylene U-tubes were used in
vertical boreholes with a diameter of 75-220 mm. Thermodynamic
conductivity for vertical tube filling material presentation varies by 30%
depending on the substance. Energy spaced from 2 W/m in direct cooling
application at 20 ° C to 52 W/m in alternative to cooling towers at 40 ° C,

depending on temperature for intake to heat exchanger on ground.

Hassanzadeh, Darvishyadegari et al[37]. introduced a new solution to
dissipate more heat energy to improve the horizontal direct ground heat
exchanger (GSHE) compared to the conservative GSHE. As a buried pipe
for a GSHE is equipped with a galvanized bridge, the heat transfer rate
between the pipes and the ground is substantially improved when
compared to typical GSHEs, according to the results. It has been shown
that the strategy for improving heat transmission is more effective in low-
conductivity soils than in high-conductivity soils. Finally, the maximum
improvements in thermal energy dissipation for Soil I, Soil I, and Soil 111
were established at 90.45 %, 28.83 %, and 12.57 %, respectively.

Abbas Khalaf Mohammed Shua'ab[38]. The experimental test of the
heat transfer properties of the underground heat exchanger was studied. It
is made of carbon steel pipes of 50 meters' length and of different internal
and external diameters. The pipe is buried 2 meters deep under the soil
surface. In the pipe, hot water is employed as a working fluid at

volumetric flow rates ranging from 25 to 1 cubic meter per hour,
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and the input is heated. The water temperature ranges from 50 - 80
degrees Celsius. The water temperature was measured at five equal points
by thermocouples placed inside the tube. The dimensions of the
underground heat exchanger tube have significant effects on heat transfer
type. Heat exchanger tube material had little effect on heat transfer.
Experimental and analytical results were compared under experimental

conditions and the results were good.

Tetsuo sekiyama and kiyotsune [39]. A study of measuring the moisture
content of soil and silt water. The water content in soil and clay is directly
related, which can be obtained by sampling and weighing. TED is a
method that takes advantage of the thermal qualities of the soil that are
different from the soil's water content. The change in thermal quality and
the effect of the transfer of soil moisture and soil temperature due to
heating is examined. Therefore, the appropriateness of the heat capacity
in the thermal method of soil water is examined and also the correlation
between quantity, as shown in fig (2.8). temperature rise and changes in
soil temperature like ways to compensate for shadows. The thermal
method is used to continuously measure the water content in the soil and
to make modifications to increase the accuracy. The heating conditions of
the heat source is to increase the amount of heat generated in order to
increase the sensitivity of the detection of soil and mud water and the
contact between the heat source and the soil. The sensitivity of the
detection deteriorates is due to the intensity of the accuracy. as shown in
fig (2.9).
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Kasim et al. [40]. studied an experimental investigation of soil
temperature in the ground in Baghdad, Iraq, in order to establish robust,
long-term, and adequate ground heat exchanger systems (GHE). It
considered four Baghdad locations: ALSadr City, ALQray'at City,
ALlJadiria City, and University Technology. To evaluate the thermal
properties of soil, you must first ascertain the type of soil and its moisture
content. The soil temperature distribution was simulated at eight depths
(2,3m,5m, 10 m, 15 m, 20 m, 25 m, and 30 m) for four cities using
MATLAP software over the course of a year. the temperature in ALSadr
city ranged from 11 °C to 35.5 °C at a depth of 1 m, according to the data.
Because diurnal variations decrease as depth increases, temperatures
remain constant at roughly 13 meters and beyond.

The three locations in ALQray'at City, ALJadiria City, and University of
Technology have the same behavior as ALSadr City, with the exception
that the temperature remains constant throughout the year for the three
cities at depths of 14 m, 14.5 m, and 15 m, respectively, as shown in the
Fig (2.10).
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Figure 2.10: distribution of soil temperature in Al-Sadr City in Iraq according to the
depth for the days of the year.[40]
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Hikmet Esen a, Mustafa Inalli b, Yuksel Esen [41]. studied to show
how the well temperature distribution of GCHP systems changes over
time. The study interval is 48 hours for a vertical GCHP system that
employs R-22 as a coolant and had three single tube geothermal heat
exchanger (GHE) built. (GHE) was constructed from polyethylene pipes
and installed in a vertical well with depths of 30-60-90 meters and widths
of 150 centimeters. (FEM) was created to model the evolution of
temperature distribution in the soil around it, the (GHEs) of (GCHPs)
work in cooling and heating modes.

Understanding the evolution of temperature distribution for U-tubes and
wells for the ground system (GCHP), GHE temperature distribution was
used in the modeling reported in this work. The engineering application
of the GCHP program relies heavily on numerical expressions. For
forecasting the reaction of GHE to heat loading, temperature, (FEM)
looks to be more promising.

Steven R. Evett , Nurit Agam [42]. studied the dependence of
determining the heat flow diffuse over the soil surface as an average
value over a period of time using heat flow plates buried 5-8 cm below
the soil surface. For soils based on soil water content, bulk density, and
organic matter content, a measure of the average soil temperature at the
depth of the common layer is usually used. Several problems in the heat
flow plate method limit the accuracy of the soil heat flux values. An
alternative method was presented. The gradient flow method was
compared with the soil heat flux. The method depends on water content

and temperature periodically every half hour.
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Sensing at multiple depths within the soil coil and solving Fourier
equation for heat flow. A field method was presented to determine the
relationship between soil thermal conductivity, water content and bulk
density. the method combines determination of soil water content using
TDR and soil temperature using thermocouples to collect the data set that
was analyzed using analytical and statistical methods to determine the
thermal conductivity.

IA Dai-Yongl, SUI Lu-Yan. studied the analysis of the most important
factors affecting the thermal conductivity of the soil with the different
compositions and water contents of the soil, and the conductivity was
determined experimentally, which can provide basic data. For the design
of GSHP, the thermal conductivity of the soil geothermal pump system is
the main data for its design and it has an important role in the

performance of the operation of the ground source heat pump system.

Chulho Lee a, Moonseo Park[43]. conducted a series of in-situ thermal
response and effective thermal conductivity tests for six vertical tests. The
closed-loop geothermal exchangers were experimentally evaluated and
compared with each other to compare the geothermal efficiency of the
exchanges in the field The six wells were constructed with different
construction conditions. Different fillers (cement versus bentonite,
different sections shapes, U-LOOP heat exchange tubes versus three new
tubes) and different additives silica sand versus graphite. From the test
results, it can be shown that cement injection is characterized by an

effective thermal conductivity higher than that of bentonite injection,
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and graphite works better on silica sand as it is addictive and thermally
enhanced. Cement grout provides the highest effective thermal
conductivity. The effective thermal conductivity of the grouting both
graphite and silica sand is higher than that of grouting wells with silica

sand only.

Y. viswanadham and R. ramanadham [44]. studied the difference in
heat exchange or temperature change in the surface layers of the soil and
its importance in agricultural sciences in tropical latitudes. The amount
and thermal diffusion largely determine the temperature change produced
in any soil layer when heat was conducted there from an adjacent layer.
Therefore, the authors determined the thermal diffusion of soils from the
scale and lag methods proposed by Johnson, Davies and Coultts,
respectively. The diffusivity values obtained from these methods agree
well with each other. The effect of soil moisture on diffusion was studied.
Diffusion increases with increased moisture in the surface layers of the
soil. The ratio of soil temperature ranges at different depths is found to be
approximately constant which is in agreement with the theory of heat
flow in soils. The results from the diffusion obtained from these methods
are in good agreement with the results of previous workers. Meaning The
value of thermal diffusion of red sandy soil in Walter Experimental Site
was found to be 6.336 ¢ 10° cm?/sec. The detailed study of (k) with
moisture content is not mentioned due to lack of precision as an
instrument for measuring soil moisture content at different depths of soil.
The authors are interested in studying the dependence of thermal

diffusion on soil moisture.
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Lamarche [45]. Studied simulation of the GHE clock for geothermal
exchangers in a horizontal configuration. An analytical model based on a
new formulation of the finite line source associated to horizontal
configurations was developed to simulate the heat transfer between a
horizontal heat exchanger and the surrounding ground. The model was
compared to a finite element simulation in the case of a simple
configuration and display excellent agreement given that the model is 500
Otimes faster than the numerical simulation.While the configuration might
be simple, it illustrates a very important aspect of horizontal systems,
namely, different local ground temperatures around pipes at different
heights and how this can affect the thermal behavior of the ground
exchanger. The model can easily be extended to different inline
configurations, which can have parallel branches as well. Extensions to
slinky or spiral configurations can also be considered,but in that case, the
thermal response factor between pipe sections would be more complex.
An extension of the classical work of Claesson and Dunand was also
presented as part of this study. It is a future goal to use it to provide

potentially better guidelines for horizontal design procedures.

Ceylan [46]. studied, ground heat exchanger for condenser temperature
in ground source heat pumps (TKIP) ground heat exchanger (TID) length
and an effect for heat pump on performance coefficient (COP) for four
different refrigerants (R134a, R407C, R4010A and R404A) were
examined during a cooling period. Heat transfer to soil with TID while
experimentally investigating, calculations related to a heat pump

supposed to work in connection with TID theoretically done.
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Horizontal laying under a ground in Corlu district for Tekirdag for heat
transfer to soil 36 m polyethylene TID embedded by a method was used.
It was measured using appropriate probes and all data were recorded via
data-logger. 1kW cooling load used COP value for a vapor compression
heat pump and a TID length using an amount for heat transferred to the
ground. An average TID has been determined using water inlet
temperature. the results obtained, compressor power increases with
increasing condenser temperature and TID and length was reduced. The
greatest coefficient for performance among a coolants examined (COP)
and the smallest pipe length was obtained for R134a. TID water inlet
temperature is 39.54 from 31.34 ° C. When it increased to ° C¢ an
increase in compressor power for R134a was found to be 38% and a

decrease in pipe length was 48%.

Mathur et al.[47]. conducted a numerical study with a three-dimensional
model of the effect of the thermophysical properties of the soil on the
performance of the heat exchanger of the ground air tunnel; for three types
of soil with three various thermal diffusivity, in terms of drops of
temperature, the rate of heat exchange and COP using commercial
software FLUENT. The COP was determined by analyzing the reduction
in GATHE system's air temperature, heat transfer rate, soil temperature.
The system operated continuously for 12 h period. The numerical results
showed reasonable reception with previous experimental results shown in
the table (2.2). EATHE results with soil J and F were very close to each
other because of the similar soil thermal conductivity even after
continuous 12 h of operation. So, it can be concluded that soil thermal
conductivity plays a significant role that influenced EATHE thermal

performance. 34
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Hence, with higher thermal conductivity soil, maximum drop in air

temperature and heat transfer achieved as shown in the table (2.3).

Table 2.2: soil properties

Densit Specific heat Thermal Thermal
soil location ! capacity conductivity diffusivity Reference
(kg. m™) 4 11 5
(J.kg¥ k?) | (w.m™k?) (m?*/sec)
soil A| Ajmer (India) 2050 1840 0.52 1.37*107 Bansal
soily | Jodnpur 1740 1553.14 1 437*107 | Chandra
(India)
soil F| Fresles 1500 880 1.280 9.69*107 | Boithias
(France)

Table 2.3: Air temperature change with time along the tube for different soil types

Air temperature (°C)
Length
of pipe 1h 3h 6h 12 h
(m)
A J F A J F A J F A J F
0 46.20 | 46.20| 46.20 | 46.20 | 46.20 | 46.20| 46.20| 46.20| 46.20| 46.20| 46.20| 46.20
10 37.42| 36.49| 36.49| 385 | 37.51| 37.45| 39.27| 38.17| 38.01| 39.98| 38.75| 38.51
20 32.46| 31.48| 3148 | 33.64| 3252 | 3245| 3456 | 33.24| 33.07| 3549 | 33.83| 33.51
30 29.46| 29.09| 29.09| 30.79 | 29.85| 29.80| 31.59| 30.40| 30.26| 32.43| 30.79| 30.52
40 28.46| 27.96| 27.96| 29.12 | 28.43 28.4 29.73 | 28.76 | 28.66 | 30.33 | 28.98 | 28.81

Xiaozhao Lil,a, Liang Cao[48]. In this study, the current ideal prediction

models for thermal conductivity of soil were not suitable for this purpose,

the SEM images of soil samples were captured and digitized using the

binary transformation process using the self-developed software package -

ImgAnsys for image analysis, and the processed images successfully

entered into ANSYS and were analyzed on the basis of a two-dimensional

transient heat transfer model.
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It was found that the simulation results were also in close agreement with
the experimental results, which can explain the feasibility of this new. In
this paper, a reasonable numerical modeling method was based on real
soil texture. The back analysis calculated using the finite element method
is applied to study the thermal conductivity of soil. The conclusions are as
follows: The ideal calculation models may not be typical of the thermal
conductivity of porous materials mainly because these ideal models
cannot reflect the actual internal texture of the soil and its effect on the

macroscopic thermal properties. as shown in the fig (2.11)

Figure.2.11 The Process of image treatment and temperatur distribution
analysis (silty sand -S1).[48]
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Table 2.4 Comparison between simulation and experimental results of thermal

conductivity

_ Thermal conductivity (W/m Relative
Soil Number of . ATNRB .K)
type | specimens porosity 0) error
SP BANS ER (%)
S1 0.377 34.454 3.370 0.216 0.274 | -21.17
Silty S2 0.367 36.083 2.370 0.305 0.278 9.71
sand S3 0.457 35.377 3.370 0.213 0.249 | -14.46
S4 0.400 37.177 3.370 0.240 0.267 | -10.11
Silty S5 0.387 37.372 1.940 0.296 0.433 | -31.64
S6 0.326 34.374 1.940 0.364 0.498 | -26.91
Silty S7 0.324 32.386 1.051 0.344 0.479 | -28.18
caly S8 0.325 34.354 1.139 0.305 0.424 | -28.07

Angelo Zarrella, Massimiliano Scarpa[49]. They studied the short time
step performance of U-shaped dual well thermostat exchangers, Modeling
and Measurements. In this time range, the heat capacity of the well is
generally neglected. The heat capacity of the well consists of fillers and
heat transfer fluid and mostly affects the behavior of the short time step
when hourly or shorter time periods were taken into account. The analysis
of the short time steps of the axial and dual heat exchangers in the form of
U-characterized by a scalar capacitive impedance model, knowing the
thermal behavior of BHEs in short time steps necessary for detailed
simulation of GCHP systems, should be taken into account in the
reinforced coaxial heat exchanger analyzed and also compared from
common double U tube by response test measurements. Under the same
conditions, an improved axial heat exchanger can cause computational

errors that couldn't be neglected in a short time step.
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Table (2.5) Summary of Literature Survey

N| Author | Title Methods Results
0
1| Harith Experimental | Experimental testing of | The alternating mode showed
Essa study of single | the performance of the better performance than the
et al and double two-layer geothermal continuous mode with the highest
(2020) | geothermal heat | heat exchanger at the performance improvement by
exchanger with | Technical College of 15.9 at a flow rate of 4 liters per
continuous and | Engineering in Najaf in | minute and a lower performance
alternative continuous and coefficient due to heat
modes alternating operation accumulation around the layers of
mode the geothermal heat exchanger
2| Zahraa | Experimental | Design and testing of the| The system was tested for both
Saleh study of horizontal two-layer heat| layers and the highest value of
et al underground exchanger as a closed| the performance factor was 8.59
(2019) | heat exchanger | system, which depends| in the two-layer operating mode
with double on the transfer of heat and 5.9, 5.2 for the first and
layers from the fluids inside it to| second layers under the same
the depths of the soil conditions.
3| Barbara | Principles of The study of analytical | The inconsistency of the
Larwa et| modelling of relationships based on temperature profiles with respect
al slinky-coil Greene's theory related to| to the level at which the heat
(2019) | ground the source of the exchanger was at a depth of (0.5)

heat exchangers

continuous loop, which is
the basis for modeling

geothermal exchanges

m is a result of the heterogeneous
soil temperature profile and the

influence of the environment
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U-tube borehole
heat exchangers:
Modeling and

measurements

No | Author | Title Methods Results
4 José Ground thermal It presents a methodology | The ability to change the
Manuel |Diffusivity and an indirect earth's temperature
Andujar |Calculation by measurement system for | decreases significantly
Marquez |Direct Soil measuring the thermal with depth and tends to
et al Temperature diffusion of soil at a settle in the average
(2016)  |Measurement. specific depth by temperature of the place to
Application to measuring its temperature | obtain higher heating and
very cooling
Low Enthalpy
Geothermal
Energy Systems
5 Mathur et| Transient effect of soil | A numerical study of a Soil thermal conductivity
al (2015) | thermal diffusivity on three-dimensional model | plays an important role in
performance of EATHE | that studies the effect of | affecting the thermal
system the thermal physical performance of EATHE in
properties of the soil on | the case of soils with high
the performance of the thermal conductivity
heat exchanger
6 Angelo  [Short time-step Short time step Knowledge of thermal
Zarrella |performances of performance study of U- | behavior of BHES in short
et allcoaxial and shaped dual-well time steps for analytical
(2014) |double thermostat exchangers simulation of GCHP

systems by response test
measurements under the

same conditions.
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No | Author Title Methods Results
7 Nikiforova ,Methods and Research and development| Determining the thermal
Savytsky  [results of study in the thermal and | conductivity of the soil
et al (2013) [experimental physical properties of by the analytical
researches of different types of soil dependence method to
thermal (sand and clay) and soil determine the coefficient
conductivity of soils moisture of thermal conductivity of
the soil and soil moisture
and obtaining the
regression equations for
the thermal conductivity
as a function of soil brick
8 H. M. Soil Thermal Soil temperature is an| Thermal diffusion of the
Danelichen | Diffusivity of a Gleyic | important factor due to| soil was determined by
et al (2013) | Solonetz Soil interactions between soil,| amplitude, logarithmic,
Estimated by Different | energy and exchange with| arc and phase methods at
Methods in the the atmosphere a depth of 0.01, 0.03,
Brazilian Pantanal 0.15 m. Significant
differences appeared
during the study period as
a function of the
volumetric water content
of the soil.
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2.3 Scope of The Present Work
From a survey of the literature, it can be summarized as follows:

1. According to the literature review, there is a lack of empirical data and
design correlates of horizontal and vertical heat exchangers used by

researchers to study the thermal properties of soils.

2- The current study aims to calculate the total heat transmitted to the
soil, the heat transmitted by conduction, and the heat stored in the soil at
different temperatures and flow rates for short operating periods using the
vertical heat exchanger as a heat source, as well as the heat saturation rate

of the soil.
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CHAPTRE THREE

EXPERIMENTAL WORK
INTRODUCTION

This chapter displays the equipment, devices, and experimental
methods used to perform the experimental work, which will be divided
into three parts. The first part shows the experimental setup, system
components and equipment. The second part explains the measurement
tools. Part three describes the specification for the practical part,
experimental procedures, and calibration of measuring instruments and

thermocouples as a feature of standard thermometer readings.
3.1 Experimental Set-up

This experimental work was implemented in Engineering Technical
College, Al-Najaf, Al-Furat Al-Awsat Technical University, Iraq, and
below is a brief description of the basic components of the system used

and soil.
3.1.1 The thermal properties of soil

Determining the thermal properties of the soil and the effect of
moisture on other thermal properties is important for its direct influence
on the performance parameter of the GHE system. Soil temperature was
examined in Najaf Governorate, southwest of Iraq (31.9760718°N
44.364692°E). Twelve K-type thermocouples were installed. Eight
thermocouples were installed around the exchanger at a distance of 60

cm, two at the inlet and outlet of the power source,
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and two for measuring the surface temperature of the heat exchanger and
the average temperature inside the heat source. Thermal properties of the
soil, thermal conductivity, volumetric heat capacity and soil density were
calculated in the laboratories of the University of Kufa / College of

Engineering / Nano Laboratory. on the soil.
3.1.2 The Experimental Rig

A vertical heat exchanger was placed as a power source in the soil
of the Technical College of Engineering in Najaf at a depth of 2 meters.
The dimensions shown were 2m long, 14.5cm outside diameter and
14.2cm inner diameter. The heat exchanger was fed with hot water with
different temperatures of 40-60 ° C at different flow rates of 0.5-2 L/min
with each temperature during the winter period and the duration of the
experiment was more than 105 day. The ground surface temperature was
measured at a depth of one meter by regular thermocouples installed
around the exchanger, as well as the surface temperature of the external
exchanger and the average temperature inside the exchanger by

thermocouples, and the results were obtained. as shown in Fig (3.1)
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= 5

| water pue‘

Figure 3.1 The system used in the work
3.1.2.1 Vertical geothermal heat exchanger (GHE)

The vertical geothermal heat exchanger consists of a 2-meter-long
wrought iron tube with an outer diameter of 14.5 mm and an inner
diameter of 14.2 mm as shown in Fig (3.2). The hot water is circulated

inside the heat exchanger by the electric pump.

44



Chapter Three Experimental Work

‘ thermocouple

Thermocouples no 8 t—L

14.5cm

Figure. 3.2: Expering of the geothermal heat exchanger, installed to the depth (2 m)
3.1.2.2 The Electric water Pump

The electric pump is installed between the thermostatic mixing valve
and the control panel, which circulates water through the geothermal heat
exchangers and the entire system as shown in the fig (3.3) with the

specification table (3.1).
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i
Figure. 3.3: the used Electric water Pump
Table 3.1: Electric water Pump specifications.
Qmax Hmax horse power capacity
L/min m hp Kw
10- 35 35 0.5 0.37
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3.1.2.3 The water of tank

this tank has a capacity of (250 L) of the plastic to provide the
system with the water required to circulate inside the geothermal heat

exchanger. as shown in Fig (3.4).

Figure. 3.4: Water tank (250) Liters.

3.1.2.4 Water Heater

This heater with a capacity of 140 liters is installed between the
electric pump and the water tank, and it is equipped with an electric
heater (Ricoh, type. RT, 3000W) and a thermostat (Jomo, type STM2)
and is insulated with glass wool to supply the system with water at the
required design temp of different temp as shown in Fig (3.5).

47



Chapter Three Experimental Work

Figure. 3.5: Electric water heater (140) liter

3.1.2.5 hydration system

The humidification system consists of a water tank, a pump, a flow
meter, a valve and a polyethylene pipe installed in a circular motion
around the heat exchanger at a depth of 1 m and perforated with regular

holes of equal diameters as shown in the fig 3.6
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]

Figure 3.6 hydration system

3.1.2.6 Control Panel

The control panel is a box containing manual and electrical control
valves and a Two-flowmeters used to measure volumetric flow rate of
water entering and leaving the heat exchangers and the temperature
sensors of the entry and exit fluid for the geothermal heat exchanger
connected to the Data logger and the Inlet and outlet water pressure gauge
from the system.

3.1.2.7 Working Fluid

Pure water was used as a main working fluid in this experimental work
because water is an available liquid with high heat transfer capacity,
inexpensive and has physical properties shown in table (3.2).
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Table 3.2: Physical Properties of liquid Water

Total

T p Cp Kk Dissolved
(°C) (kg/m3) (J/kg K) (W/m.K) Salts

(mg/L)

10 999.7 4188 0.5674 105
20 998.2 4183 0.5861 105
30 995.7 4183 0.603 105
40 992.2 4182 0.6178 105
50 988 4181 0.6305 105
60 985 4181 0.6341 105

3.2 Measuring the soil thermal conductivity

Soil thermal conductivity, volumetric heat capacity and density
were practically calculated for the type of soil in Najaf Governorate
specifically (31.9760718°N 44.364692°E) in the study area is sandy soil
when examined according to standard tests: (sand 88.13%, silt 6.33%,
clay 5.54% with a percentage of High gypsum (up to more than 28%) and
at different temperatures, the thermal properties of the soil were
determined at the University of Kufa / College of Engineering /
Nanotechnology Laboratory, according to what is shown in the table
(3.3).
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Table (3.3) thermal properties of soil

soil samples Therm(a\lllv(/:rﬁng;ctivity Drg(deng)ity volu_metric hegt
. g/m capacity(MJ/m3.k)
1 0.2761 1285 1.365
2 0.304 1285 1.454
3 0.305 1285 1.431
4 0.29 1285 1.455

3.3 Measuring Devices

3.3.1 Flowmeter

The flowmeter is a glass scale that measures volumetric flow rate
within measurement limits of 0.5 to 4 liter per minute, the first flowmeter
is installed at the main inlet tube of geothermal heat exchangers and the
second flowmeter is installed at the main outlet pipe of GHE. The flow
rate is controlled through the flowmeter by manual control valve, as
shown in Fig (3.6).
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Figure 3.6 flow meter

3.3.2 Data Logger Device

device that measures temperatures and has many channels, as shown
in Fig (3.7). After the cooling process, the surface temperature of the
Photovoltaic panel and the temperature of the inflow water to the channel
and the temperature of the output water from the channel, should all be
measured. A specific kind of the data logger selected is (AT4532) with
Thirty-two channels. This device permits the use of Kind K and Kind T

thermocouples with read accuracy of 0.2 % + 10C).
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Figure. 3.7 Shows the temperature data Logger.

3.3.3 Pressure-gauge

The inlet and outlet water pressure of the geothermal exchanger
system for all flow rates used in the experiment is measured by a
mechanical pressure gauge (1bar) with an accuracy of (+1.6%) as shown
in the Fig (3.8), to determine the rate of liquid pressure drop in the GHE

tubes with a different water flow rates.
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Fig 3.8: Shows the pressure gauge

3.4 The Aspects which the Experimental Work Investigated

There are many factors that influence the ground heat exchanger
system performance. In this work, the effect of different entry
temperature and different flow rates are to be studied and the use of
different operating modes on the performance of the GHE system are also
handled. The following variables have been taken into account in this
study:

1. Working fluid temperature is from (40 to 60 °C).

2. The average volumetric flow rate of the fluid during the system is from
(0.5t0 2 LPM).

3. Measuring the ground temperature at by means of thermocouples
installed under the ground Continuous operation short time to ground heat
exchanger.
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3.4.1 Study of the the effect of inlet temperature and flow

rate

The effect of inlet temperature and volumetric flow rate on the
thermal properties of the soil is studied by using the vertical heat
exchanger to determine the best inlet temperature with the best
volumetric flow rate of the liquid. The test was conducted for a period of
four months (November, December, January, February) 2020-2021 to
know the thermal properties of the soil as well as the effect of moisture
on the thermal properties of the soil during different working conditions

and for short operating periods.
3.5 Experimental Procedure

After connecting the device to the trial model, then the system is
checked according to the following steps:

1- A data logger was used, being connected to twelve
thermocouples, that were distributed around the heat exchanger, at
the inlet and outlet of the liquid and at the soil surface at a depth of
(1m) and the readings were recorded every (60) minutes by a data
logger connected to the computer to save the data. The system
operates daily from eight in the morning until twelve in the evening
2- Flow rate is measured by a glass flowmeter. It is controlled
by a manual valve to change the flow rate for each condition.

Various flow rates (0.5, 1, 1.5, 2 LPM) were checked during the
continuous operation mode of the power source vertical heat
exchanger.
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3.6 Thermal Analysis of the GHEs

Thermal analysis or study of a system relies on first and second law
thermodynamics. First law deals with the energy equilibrium of a system,
while
second statute deals with energy and the entropy of a system, It gives an
accurate analysis of the system. The combination of the first and second
laws of thermodynamics is critical to the study of system energy and
performance, which gives detailed knowledge of system performance

assessment and optimization[50].

3.6.1 Experimental Calculation
a- Thermal Diffusivity Calculation

Thermal diffusivity of samples was calculated using the experimental
value of specific heat, thermal conductivity and bulk density from

equation below

a=— .. (3.1)

Where

o = Thermal diffusivity in m?/s

k = Thermal conductivity W/m. k

p = Bulk density in kg/m3

Cp = specific heat capacity in J/kg. K
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b- Heat exchange rate (Q)

The rate of heat exchange is determined using the following equation
(3.2)[51].

Qexp =m- cp (Tin— Tout) ... (3.2)

Where:
Q e, exp : is heat exchange rate in the GHEs (W)

m : is mass flow rate (kg/s ).
Cp: is the mean water specific heat (j/kg .K) .

Tin and Tout: is the water inlet and outlet temperatures.

¢) Heat exchange rate per unit length (Q)

The rate of heat exchange per unit length of the ground heat exchanger
tube is

determined using eq. (3.3)[52] .

. Qe.exp
L

Q (3.3)

Where:
L =is the total tube length of the (GHE).

To measure the energy efficiency of the ground heat exchanger,
depending on the principle of efficiency of energy. It is calculated by the
actual heat exchange rate ratio (Q exp ) and a maximum rate of exchange

( Q max) is theoretically possible[52].

gexp = =2 (3.4)

Qmax
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Then exchangerenergyefficiencyiswritten.

Tout—Tin
To-Tin

(3.5)

cexp=

Where:
To: is ground temperature (°C)

d-The amount of heat lost to the external environment

. 2wlKs ATs
Qs - : .-'Dﬂ‘

n i Din !

(3.6)

Qs: Heat lost in the soil (W)
L: Heated part length (m)
Ks: Thermal conductivity of the soil (W-m™-k™)

ATs: The average temperature difference between the surface of the
exchanger and the couplings installed around the exchanger (°C)

Do, Din; The outer and inner diameter of the soil around the power source.
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Chapter Four

Results and discussion

4.1 The study of the thermal properties of the soll

4.1.1 Heat exchange rate (Q) of soll

* Inlet temperature (40 °C ) and flow rate ( 0.5 LPM)
The fig (4.1) shows the relationship between the total heat

transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (40C) with a liquid flow rate of (0.5LPM). In the
first hour of operation, the value of the total heat transferred was
(153.98912287W). The heat transmitted by conduction of thermocouples
Is at a distance of (0.6m) (19.41960573W). And the heat stored in the
soil (135.569517W), and after an hour of operation, the total heat
transfer value was (137.548208W). And the heat transferred by
conduction of thermocouples at a distance of (0.6m) (19.90917563W).
And the heat stored in the soil (117.6390324W). After four and a half
hours of continuous operation, the total heat transferred became
(83.74013424W). The heat transmitted by conduction of the
thermocouples at a distance of (0.6 m) is (30.79394624W) and the heat
stored in the soil (52.946188W). The heat transmitted by conduction
increases with the passage of time as a result of heating and a decrease in
the moisture content of the soil with a clear decrease in the heat stored in

the soil.
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Figure (4.1) shows the relationship between total heat, heat transferred by conduction,
and heat stored at temperature (40 °C ) and flow rate (0.5 LPM)
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* Inlet temperature (40 °C ) and flow rate ( 1 LPM)

The fig (4.2) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (40C) with a liquid flow rate of (LLPM). In the first
hour of operation, the value of the total heat transferred was
(202.9821856 W). The heat transmitted by conduction of thermocouples
is at a distance of (0.6m) (24.64168459W). And the heat stored in the
soil (178.340501W), and after an hour of operation, the total heat
transfer value was (120.562016W). And the heat transferred by
conduction of thermocouples at a distance of (0.6m) (27.301681W). And
the heat stored in the soil (93.26033496W). After four and a half hours
of continuous operation, the total heat transferred became
(73.70581513W). The heat transmitted by conduction of the
thermocouples at a distance of (0.6 m) is (30.82658423W) and the heat
stored in the soil (42.8792309W). The heat transmitted by conduction
increases with the passage of time as a result of heating and a decrease in

the moisture content of the soil with a clear decrease in the heat stored in

the soil.
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Figure (4.2) shows the relationship between total heat, heat transferred by conduction,
and heat stored at temperature (40 °C ) and flow rate (1 LPM)
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* Inlet temperature (40 °C) and flow rate ( 1.5 LPM)

The fig (4.3) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (40C) with a liquid flow rate of (1.5LPM). In the
first hour of operation, the value of the total heat transferred was
(302.9741977W). The heat transmitted by conduction of thermocouples
is at a distance of (0.6m) (25.78401434W). And the heat stored in the
soil (277.1901833W), and after an hour of operation, the total heat
transfer value was (241.0860106W). And the heat transferred by
conduction of thermocouples at a distance of (0.6m) (25.9472043W).
And the heat stored in the soil (215.1388063W). After four and a half
hours of continuous operation, the total heat transferred became
(90.46075518W). The heat transmitted by conduction of the
thermocouples at a distance of (0.6 m) is (31.65885305W) and the heat
stored in the soil (58.80190214W). The heat transmitted by conduction
increases with the passage of time as a result of heating and a decrease in
the moisture content of the soil with a clear decrease in the heat stored in

the soil.
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Figure (4.3) shows the relationship between total heat, heat transferred by conduction,
and heat stored at temperature (40 °C ) and flow rate (1.5 LPM)
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* Inlet temperature (40 °C ) and flow rate (2 LPM)

The fig (4.4) shows the relationship between the total heat transferred,
heat transferred by conduction, and heat stored in the soil at the inlet
temperature (40C) with a liquid flow rate of (2LPM). In the first hour of
operation, the value of the total heat transferred was (281.595939W). The
heat transmitted by conduction of thermocouples is at a distance of
(0.6m) (26.56732616W). And the heat stored in the soil (255.0286129W),
and after an hour of operation, the total heat transfer value was
(240.987973W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (29.03149462W). And the heat
stored in the soil (211.9564424W). After four and a half hours of
continuous operation, the total heat transferred became (93.71753107W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (32.27897491W) and the heat stored in the soil
(61.43855616W). The heat transmitted by conduction increases with the
passage of time as a result of heating and a decrease in the moisture

content of the soil with a clear decrease in the heat stored in the soil.
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Figure (4.4) shows the relationship between total heat, heat transferred by conduction,
and heat stored at temperature (40 °C ) and flow rate (2 LPM)
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* Inlet temperature (50 °C ) and flow rate ( 0.5 LPM)

The fig (4.5) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (50C) with a liquid flow rate of (0.5LPM). In the
first hour of operation, the value of the total heat transferred was
(127.726312W). The heat transmitted by conduction of thermocouples is
at a distance of (0.6m) (45.90533692W). And the heat stored in the soil
(81.8209748W), and after an hour of operation, the total heat transfer
value was (114.768643W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (46.01956989W). And the heat
stored in the soil (68.749073W). After four and a half hours of
continuous operation, the total heat transferred became (69.0296364W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (47.8146595W) and the heat stored in the soil (21.2149769W).
The heat transmitted by conduction increases with the passage of time as
a result of heating and a decrease in the moisture content of the soil with

a clear decrease in the heat stored in the soil.
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Figure (4.5) shows the relationship between total heat, heat transferred by conduction,

and heat stored at temperature (50 °C ) and flow rate (0.5 LPM)
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* Inlet temperature (50 °C ) and flow rate ( 1 LPM)

The fig (4.6) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (50C) with a liquid flow rate of (LLPM). In the first
hour of operation, the value of the total heat transferred was
(222.702287W). The heat transmitted by conduction of thermocouples is
at a distance of (0.6m) (45.36681004W). And the heat stored in the soil
(177.335477W), and after an hour of operation, the total heat transfer
value was (190.188037W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (45.36681004W). And the heat
stored in the soil (144.821227W). After four and a half hours of
continuous operation, the total heat transferred became (124.9107717W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (46.32963082W) and the heat stored in the soil
(78.5811397W). The heat transmitted by conduction increases with the
passage of time as a result of heating and a decrease in the moisture

content of the soil with a clear decrease in the heat stored in the soil.
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Figure (4.6) shows the relationship between total heat, heat transferred by conduction,

and heat stored at temperature (50 °C ) and flow rate (1 LPM)
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* Inlet temperature (50 °C ) and flow rate ( 1.5 LPM)

The fig (4.7) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (50C) with a liquid flow rate of (1.5LPM). In the
first hour of operation, the value of the total heat transferred was
(232.952053W). The heat transmitted by conduction of thermocouples is
at a distance of (0.6m) (47.32508961W). And the heat stored in the soil
(185.626963W), and after an hour of operation, the total heat transfer
value was (212.081938W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (46.34594982W). And the heat
stored in the soil (165.735989W). After four and a half hours of
continuous operation, the total heat transferred became (118.819061W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (43.7022724W) and the heat stored in the soil (75.1167882W).
The heat transmitted by conduction increases with the passage of time as
a result of heating and a decrease in the moisture content of the soil with

a clear decrease in the heat stored in the soil.
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Figure (4.7) shows the relationship between total heat, heat transferred by conduction,
and heat stored at temperature (50 °C ) and flow rate (1.5 LPM)
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* Inlet temperature (50 °C) and flow rate (2 LPM)

The fig (4.8) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (50C) with a liquid flow rate of (2LPM). In the first
hour of operation, the value of the total heat transferred was
(320.866187W). The heat transmitted by conduction of thermocouples is
at a distance of (0.6m) (48.22263441W). And the heat stored in the soil
(272.643552W), and after an hour of operation, the total heat transfer
value was (262.722766W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (42.88632258W). And the heat
stored in the soil (219.836443W). After four and a half hours of
continuous operation, the total heat transferred became (117.992844W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (46.24803584W) and the heat stored in the soil
(71.9732745W). The heat transmitted by conduction increases with the
passage of time as a result of heating and a decrease in the moisture

content of the soil with a clear decrease in the heat stored in the soil.
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Figure (4.8) shows the relationship between total heat, heat transferred by conduction,
and heat stored at temperature (50 °C ) and flow rate (2 LPM)
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* Inlet temperature (60 °C ) and flow rate ( 0.5 LPM)

The fig (4.9) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (60C) with a liquid flow rate of (0.5LPM). In the
first hour of operation, the value of the total heat transferred was
(196.58407W). The heat transmitted by conduction of thermocouples is
at a distance of (0.6m) (48.14103943W). And the heat stored in the soil
(148.4430341W), and after an hour of operation, the total heat transfer
value was (184.23157W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (47.11294265W). And the heat
stored in the soil (137.1186256W). After four and a half hours of
continuous operation, the total heat transferred became (140.91341W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (46.01956989W) and the heat stored in the soil
(94.89383848W). The heat transmitted by conduction increases with the
passage of time as a result of heating and a decrease in the moisture

content of the soil with a clear decrease in the heat stored in the soil.
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Figure (4.9) shows the relationship between total heat, heat transferred by conduction,

and heat stored at temperature (60 °C ) and flow rate (0.5 LPM)
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* Inlet temperature (60 °C ) and flow rate (1 LPM)

The fig (4.10) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (60C) with a liquid flow rate of (LLPM). In the first
hour of operation, the value of the total heat transferred was
(306.66635W). The heat transmitted by conduction of thermocouples is
at a distance of (0.6m) (48.46741935W). And the heat stored in the soil
(258.1989304W), and after an hour of operation, the total heat transfer
value was (277.10558W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (49.77293907W). And the heat
stored in the soil (227.3326377W). After four and a half hours of
continuous operation, the total heat transferred became (203.85495W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (58.09562724W) and the heat stored in the soil
(145.7593265W). The heat transmitted by conduction increases with the
passage of time as a result of heating and a decrease in the moisture

content of the soil with a clear decrease in the heat stored in the soil.

77



Chapter Four Results and discussion

Flow = 1LPM, Tin=60C ,Tambh=20.24c
10/1/2021

e () 0.6 el () tO12] e O stored

350

300

250

200

Q(w)

150

100

T
!
}
T
l

50

08:30 09:30 10:30 11:30 12:30
TIME (H)

Figure (4.10) shows the relationship between total heat, heat transferred by

conduction , and heat stored at temperature (60 °C ) and flow rate (1 LPM)
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* Inlet temperature (60 °C ) and flow rate (1.5 LPM)

The fig (4.11) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (60C) with a liquid flow rate of (1.5LPM). In the
first hour of operation, the value of the total heat transferred was
(446.9W). The heat transmitted by conduction of thermocouples is at a
distance of (0.6m) (43.89810036W). And the heat stored in the soil
(403.0018951W), and after an hour of operation, the total heat transfer
value was (393.69888W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (50.88263082W). And the heat
stored in the soil (342.8162536W). After four and a half hours of
continuous operation, the total heat transferred became (230.11358W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (61.32678853W) and the heat stored in the soil
(168.7867894W). The heat transmitted by conduction increases with the
passage of time as a result of heating and a decrease in the moisture

content of the soil with a clear decrease in the heat stored in the soil.
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Figure (4.11) shows the relationship between total heat, heat transferred by
conduction, and heat stored at temperature (60 °C ) and flow rate (1.5 LPM)
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* Inlet temperature (60 °C ) and flow rate ( 2 LPM)

The fig (4.12) shows the relationship between the total heat
transferred, heat transferred by conduction, and heat stored in the soil at
the inlet temperature (60C) with a liquid flow rate of (2LPM). In the first
hour of operation, the value of the total heat transferred was
(515.23541W). The heat transmitted by conduction of thermocouples is
at a distance of (0.6m) (60.95145161W). And the heat stored in the soil
(454.283959W), and after an hour of operation, the total heat transfer
value was (414.06933W). And the heat transferred by conduction of
thermocouples at a distance of (0.6m) (61.16359857W). And the heat
stored in the soil (352.9057323W). After four and a half hours of
continuous operation, the total heat transferred became (192.44398W).
The heat transmitted by conduction of the thermocouples at a distance of
(0.6 m) is (61.52261649W) and the heat stored in the soil
(130.921361W). The heat transmitted by conduction increases with the
passage of time as a result of heating and a decrease in the moisture

content of the soil with a clear decrease in the heat stored in the soil.
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Figure (4.12) shows the relationship between total heat, heat transferred by

conduction, and heat stored at temperature (60 °C ) and flow rate (2 LPM)
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4-2 The relationship between the furrier nember and ratio
of heat saturation of the soil.

*At inlet temperature (40 °C ) and flow rates (0.5-2 LPM )

The fig (4.13) shows the relationship between furrier no and the
heat saturation rate of the soil at the entrance temperature (40C) and
fluid flow rates (0.5, 1, 1.5, 2 LPM) Furier No is the ratio between the
heat transferred by conduction and the heat stored in the soil, where we
find that in the first hour of operation With flow rates (0.5, 1, 1.5, 2
LPM), the ratio of heat transmitted by conduction of thermocouples at a
distance of (0.6 m) to heat stored in the soil is (0143244633,
0.138172117, 0.093019219, 0.104173904) respectively, and after an
hour of operation for the same flow rates, the percentage of The heat
transmitted by conduction of thermocouples at a distance of (0.6 m) to
the heat stored in the soil (0.169239539 ,0.292746976 ,0.120606806
,0.136969154) and the heat saturation rate of the soil (0.887470073
,0.593953679 ,0.795731163,0.855793368) respectively and after four
and a half hours of continuous operation and for the same rates Flow The
ratio of heat transmitted by conduction to thermocouples at a distance of
(0.6 m) and heat stored in the soil (0.581608373 ,0.718916445
,0.538398451 ,0.525386287) and soil heat saturation ratio (0.540296846
,0.363114698 , 0.298575773,0.332808532) respectively, as the
percentage of heat transmitted by conduction to heat stored in the soil by
a certain amount increases with the passage of time depending on the

percentage of soil saturation with heat.
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Figure (4.13) shows the relationship between Furrier Number and the heat saturation
rate of the soil at temperature (40 °C ) and flow rate (0.5-2LPM)
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*At inlet temperature (50 °C ) and flow rates (0.5-2 LPM )

The fig (4.14) shows the relationship between furrier no and the
heat saturation rate of the soil at the entrance temperature (50 °C) and
fluid flow rates (0.5, 1, 1.5, 2 LPM) Furier No is the ratio between the
heat transferred by conduction and the heat stored in the soil, where we
find that in the first hour of operation With flow rates (0.5, 1, 1.5, 2
LPM), the ratio of heat transmitted by conduction of thermocouples at a
distance of (0.6 m) to heat stored in the soil is (0.56104608 , 0.25582478
, 0.25494728 , 0.17687062 ) respectively, and after an hour of operation
for the same flow rates, the percentage of The heat transmitted by
conduction of thermocouples at a distance of (0.6 m) to the heat stored in
the soil (0.66938459 , 0.31326078 , 0.27963721 , 0.19508286 ) and the
heat saturation rate of the soil (0.898551295 , 0.854001273 ,
0.910410259 , 0.81879231) respectively and after four and a half hours
of continuous operation and for the same rates Flow The ratio of heat
transmitted by conduction to thermocouples at a distance of (0.6 m) and
heat stored in the soil (2.25381625 , 0.58957698 , 0.58179101 ,
0.6393803) and soil heat saturation ratio (0.540449618 , 0.560886788 ,
0.510058011 , 0.367732249) respectively, as the percentage of heat
transmitted by conduction to heat stored in the soil by a certain amount
increases with the passage of time depending on the percentage of soil

saturation with heat.
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Figure (4.14) shows the relationship between Furrier Number and the heat saturation
rate of the soil at temperature (50 °C ) and flow rate (0.5-2LPM)
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*At inlet temperature (60 °C ) and flow rates (0.5-2 LPM ).

The fig (4.15) shows the relationship between furrier no and the
heat saturation rate of the soil at the entrance temperature (60 °C) and
fluid flow rates (0.5, 1, 1.5, 2 LPM) Furrier No is the ratio between the
heat transferred by conduction and the heat stored in the soil, where we
find that in the first hour of operation With flow rates (0.5, 1, 1.5, 2
LPM), the ratio of heat transmitted by conduction of thermocouples at a
distance of (0.6 m) to heat stored in the soil is (0.32430649 , 0.18771348
, 0.10892778 , 0.13417038) respectively, and after an hour of operation
for the same flow rates, the percentage of The heat transmitted by
conduction of thermocouples at a distance of (0.6 m) to the heat stored in
the soil (0.34359258 , 0.21894348 , 0.14842537 , 0.17331427) and the
heat saturation rate of the soil (0.937164262 , 0.903606075 |,
0.880955221 , 0.803650763) respectively and after four and a half hours
of continuous operation and for the same rates Flow The ratio of heat
transmitted by conduction to thermocouples at a distance of (0.6 m) and
heat stored in the soil (0.48495846 , 0.39857228 , 0.36333879 |,
0.46992039) and soil heat saturation ratio (0.716809891 , 0.664745101 ,
0.514910674 , 0.373506893) respectively, as the percentage of heat
transmitted by conduction to heat stored in the soil by a certain amount
increases with the passage of time depending on the percentage of soil

saturation with heat.
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Figure (4.15) shows the relationship between Furrier Number and the heat saturation
rate of the soil at temperature (60 °C ) and flow rate (0.5-2LPM)
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Chapter five Conclusions and Recommendations

Chapter five
Conclusions and Recommendations
5.1 Conclusions

5.1.1 General

1. Geothermal potential in Irag offers a good exploitation of horizontal

ground source heat exchanger system.

2. At a sufficient depth, the experimental ground temperature shows that
it is relatively stable, less than the ambient air temperature in the summer

and higher in the winter season.

5.1.2 Testing the Thermal Parameters of Vertical Geothermal

Heat Exchanger as an heat source

1- The total amount of heat transferred to the soil (Q total ) decreases
with the passage of operating time due to the saturation of the earth with

heat and its rejection of the residual heat.

2- The heat transferred by reaching thermocouples (Q 0.6m) increases

with the increase in the inlet temperature and the rate of flow of the fluid.

3- The heat stored in the soil (Q stored ) decreases as the temperature and

flow rate of the liquid increase.

4- The ratio of heat transferred by conduction to heat stored in the soil

(furrier number) decreases as the entrance temperature increases.
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5- The heat saturation rate of the soil decreases after every hour of
operation due to the soil’s rejection of heat transfer (Q total ) to reach the

state of heat saturation.

6- The best total heat transferred to the soil after four and a half hours of
continuous operation was at inlet temperature (60°C ) and flow rate
(2LPM ) and its value (192.44W ), and the best conductive heat transfer
(Q0.6m ) was at inlet temperature (60°C ) and flow rate (2LPM ) and its
value (61.522W ) and better Soil stored heat (Q stored) was at inlet
temperature (60°C ) and flow rate (2LPM ) and its value (168.78W )

The best soil heat saturation ratio was at the inlet temperature (60°C ),
flow rate (0.5LPM ) and its value (0.7168 ).

7- At the inlet temperature (50°C ) the value of the heat stored in the soil
(Q stored ) was very low due to the high moisture content of the soil due

to precipitation during the test period.

5.3 Recommendations

1- The present work can be developed by fulfilling the design
requirements of the heat pump system associated with the geothermal

heat exchanger

2- Installing a humidification system in the zero house area around the
geothermal heat exchanger because moisture is important in increasing

the rate of heat transfer and thermal conductivity of the soil

3- The research may extend to include mixing metals with a high thermal
conductivity coefficient with the soil to get rid of heat accumulation

around geothermal heat exchangers.
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Appendix A
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A- Calibration

Calibration of the measuring system The relationship between the input
values of the system and the output values of the system is determined,
then the volumetric flow rates and temperatures of the soil and the outside
air and the temperature of the working fluid in GHE are measured at the
inlet and outlet where the flowmeter was used to measure the volumetric
flow rates of the fluid and the thermometer was used to measure the
temperature For soil at a certain depth, a data logger was used to measure
the temperature of the working fluid and the outside air by means of
installed thermocouples, and these devices are easy to use and have

appropriate measurement accuracy.
A-1 Thermocouples Calibration

Thermocouples are a type that is widely used as temperature sensors by
connecting them to a multimeter or data logger. It is more used in tests
and therefore during the subsection it will be spent and explain its main
function and what precautions must be taken to ensure the accuracy of the
experiments that are conducted where the thermocouple was used K type
in the experiments carried out due to the suitability of the temperature
range and the best accuracy among the different types of thermocouples
used. The calibration of the thermocouples consists of a standard
temperature scale (Hg) and a data logger, both of which are in a constant
temperature bath with the thermocouples insulated with fiberglass All
thermocouples were calibrated together.. Table (A.1) and figure (A.1)
show the A-2 relation between the results of the thermometer and the
standard mercury thermometer.

A-1



Table A.1: Calibration of Thermocouple used to measure the working fluid

temperature
device type freezing | human body boiling
temperature | temperature temperature
(0°C) (37°C) (100 °C)
mercury 0 36.08 100
thermometer
Thermo couple 1 0.18 36.2 98.7
Thermo couple 2 0.14 36.15 08.84
Thermo couple 3 0.12 36.25 98.91
Thermo couple 4 0.17 36.22 98.54
Thermo couple 5 0.19 36.31 98.69
Thermo couple 6 0.2 36.28 98.62
Thermo couple 7 0.18 36.22 98.67
Thermo couple 8 0.13 36.45 08.84
Thermo couple 9 0.17 36.1 98.57
Thermo couple 10 0.17 36.21 98.55
Thermo couple 11 0.19 36.52 98.64
Thermo couple 12 0.15 36.34 98.61
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A-2 Flowmeter calibration
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ABSTRACT

In the face gof changing kwown conditiens such as glebal warming, thermal diffusnin iz a physical propery
represaniad by rhe thermal characreriziics gf the soil.

The hear mongfer and remperamre change in the surface layers gf the soil ar a deprk of 2 m were imesfigared Lzing a
vartical hear exchanger in the sand)y mixed seul in Ngjgfand according fo locarion.

For one day at a remperanmre qf 40 degress Celzins and a flovw of 0.5 liters per minute, the besr thermal difficneny
war obtaimed, ranging 0006231354 to 0006625035 m itec.

Ar a remperanre of 40 degrees Calzins and a flow rate g 1 liver per minute, the bast thermal parfeomance coefficienr
wers ackieved.

Keywornds: so1l remperanure, thermal difflzniny, Thermal conducriviy af seil

INTRODUCTION

The thermal diffusivity of a seil is an important soil atribute that is employed o a vanety of applicatdens such as
apriculiure, climatology, and engineering. It has a big mpact on the soil temperanre profile, which confrols the earth's
hest and mass ransmission, and it's 3 key parameter in energy balance applications inclnding land sarface modeling,
numerical weather forecasting, and climate predictionf[1] .

In both residential and commercial baildings, pround-source heat pump (GSHP) systems are frequently atilized for
space heating and cooling. A groumd heat exchanger (GHE) is used to exchange heat with the earth in this manner.
The vertical kind of GHE is often used in GSHP systems because it has better thermal performance than the horizontal
npe. The GHE's thermal performance is an important factor to consider when constructng a GSHP system. The
utilization of renevwrable energies has recently become increasingly significant in order to reduce energy consumption
in general and fuel nse in particular, as solar energy may be nsed to generate electmicity. [2]-

Summer in Irag is distinpuished by high air temperanme and low relative nmnidity becaise it is the longest season of
the year in comparison to other countries. As & result, reducing the air temperanre mside the area is a significant
challenge.




COMMITTEE REPORT

We certify that we have read this thisis titled " Study of Thermal
Parameters of Vertical Geothermal Heat Exchanger in Engineering
Technical College Najaf " which is being submitted by Waleed
Abdulhamza Asker and as Examining Committee, examined
the student in its contents . In our opinion , the thisis is

adequate for the a ward of the degree of Master of Techniques
in Thermal Engineering.

Signature:

Name: Asst. Prof. Dr. Tahseen A. Hussain
(Supervisor)
Date: [/ /2021

Signature: Signature:

Name: Asst. Prof. Dr. Adel .M. Saleh Name: Asst. Prof. Kareem Jafar Alwan

(Member) (Member)
Date: [/ /2022 Date: [ 12022
Signature:

Prof. Dr. Ali Shakir Bagir
(Chairman)
Date: / /2022

Approvale of the Engineering Technical College — Najaf

Signature:

Name: Asst. Prof. Dr. Hassanain G. Hameed
Dean of Engineering Technical College- Najaf
Date: [/ /2022



