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Abstract

Modern life makes energy, and the source of it is very important. This renewable energy comes from the Earth-Air Heat Exchanger (EAHE)
in the soil employed as an air conditioning device for buildings in the climate conditions in Basrah city, south of Irag. In the present study, the
EAHE buried in the soil is simulated numerically using the finite volume method with a soft package. ANSYS: Fluent 2021/R2. A parametric
analysis was carried out to determine the effect of three depths (Z = 1, 2, and 3 m), taking into account the physical properties of the soil in
the area under study, which is in the city of Basrah in southern Irag, at longitude 47.749° and latitude 30.568°, as well as the data and time of
1/6/2023 at 12 p.m., the diameter of the pipe (D =7.62, 10.16, and 15.24 cm), and different velocities (v = 0.5, 1, and 1.5 m/s). The results are
presented as a temperature contour and a velocity contour for the performance of EAHE. The important results showed that when the depth
of the buried pipe decreases, the temperature of the air outlet and heat exchanger increases; when the diameter decreases, the air outlet
temperature from the EAHE and the soil temperature decrease; when the length of the pipe is about 30 m, after this length, the decrease in
temperature is very small; and the maximum temperature difference of about 10 °C between the ambient temperature and the outlet temperature

of the EAHE was obtained at a depth of 3 m and a velocity of 1 m/s at a diameter of 7.62 cm.
Keywords: Earth-Air heat exchanger, Soil temperature simulation, Buried pipe, Temperature distribution for pipe.
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1. Introduction

The earth-air heat exchanger represents a modern solution
for controlling temperatures by harnessing the earth's natural
temperature. As air traverses through these conduits, it
undergoes cooling or heating, influenced by the subsurface
temperature. This preliminary conditioning optimizes the
temperature of air entering buildings, thereby reducing the
energy demand for thermal regulation, be it heating or cooling
via solar collectors. To enhance heat transfer efficiency,
subterranean heat exchangers are integrated into the system.
These consist of a network of pipes embedded within
thermally conductive mediums like sand, clay, or concrete,
facilitating smoother and more efficient heat transfer,
consequently maintaining a consistent temperature within the
solar collector and enhancing cooling performance.

Prior research indicates that the cooling efficiency of the
buried pipes is contingent upon four key parameters: [1]

1. Length of the pipe.

2. Diameter or radius of the pipe.

3. Depth of pipe insertion into the ground.

4. Airflow rate within the pipe.

Studies reveal that the outlet temperature of the buried
pipes decreases as the length increases, the diameter decreases,
the airflow rate diminishes, and the depths increase,
particularly up to 4 meters [2]. Furthermore, the majority of
research utilizes various simulation tools alongside
experimental data, underscoring the importance of simulation

methodologies in predicting and comprehending the intricate
behavior of earth-air heat exchangers.

Belatrache et al. [3] a numerical investigation was
conducted to model earth-air heat exchangers (EAHE) in
Adrar, Algeria, aiming to determine the optimal burial depth
for pipes. Factors considered included pipe length, radius, and
airflow velocity. Results indicated that a burial depth of 5 m
was ideal, based on a standardized annual soil temperature
profile generated using MATLAB. showed a temperature
decline from a peak of 45 °C in July to around 25 °C. The
temperature difference between ambient air and the heat
exchanger outlet in July was calculated at 20.7 °C.
Additionally, the analysis revealed significant temperature
reduction within the heat exchanger, reaching equilibrium with
the soil temperature along a pipe length of about 25 m. Poshtiri
and Zamiri [4] achieved a numerical investigation of the ability
of the solar chimney and EAHE to provide for the thermal
needs of individuals, to achieve the best system performance.
The results showed the best performance of the EAHE design
with a diameter of 0.5 m, a length of less than 35 m, and an air
gap size of 0.2 m for the solar chimney. Hammadi and
Mohammed [5] study on solar chimneys with EAHE in Basrah
aimed to reduce energy consumption and indoor heat in hot
seasons. The 6.3 FLUENT program code was used to predict
outside air temperature and cooling. Results showed that outlet
air temperature decreases with pipe length and remains
constant over 70 meters. Reducing pipe diameter improves
heat transfer and reduces soil temperature. The soil
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temperature stabilizes after 4 meters, with a maximum
temperature drop of 11°C at 1 meter.

Li et al. [6] examined a passive air conditioning system that
combines a solar collector with EAHEs. Findings
demonstrated that the integrated system effectively sustains
optimal indoor thermal conditions within the acceptable range
specified by the ASHRAE standard for thermal comfort.
Moreover, as the outdoor air temperature and solar radiation
escalate, the solar chimney's natural draft intensifies, resulting
in increased airflow into the building. Haghighi and Maerefat
[7] conducted a numerical investigation on the design of a
solar chimney coupled with EAHE. They determined that
optimal performance is achieved with EAHEs featuring a
diameter of 0.5 m and a length of 25 m. This configuration
ensures thermal comfort standards are met even under low
solar radiation conditions (as weak as 250 W/m?) and when
outside air temperatures drop to 0 °C. Furthermore, they
concluded that a heat exchanger longer than 35 m may not
yield significant benefits. Serageldin et al. [8] introduced a
relationship linking ventilation rate, solar chimney design
factors, EAHE geometrical characteristics, and climatic
conditions in hot arid regions. This correlation was applied in
a case study involving the passive cooling, heating, and
ventilation of a two-story residential structure in Egypt
through TRNSYS simulation. The results of the baseline
scenario indicated that zone temperatures consistently
exceeded ambient temperatures throughout the year. However,
with the implementation of the proposed system, zone
temperatures were reduced by approximately 5 °C to 9 °C
compared to ambient temperatures during the summer season.
Ahmed et al. [9] studied the EAHEs physical and hybrid
modelling techniques to reduce energy consumption. The
results showed that the hybrid modelling is more effective than
the physical modelling, but the hybrid models are more
complex when developing the model, taking into consideration
the operating conditions of EAHE and other parameters.
Physical models need less training data for the purpose of
developing the model, while hybrid models need medium data.
Mostafaeipour et al. [10] conducted a theoretical and economic
assessment of EAHE energy performance through natural
ventilation in hot, arid regions. Investigated three pipe lengths
(25, 50, and 75 m) and varying burial depths (1, 2, and 3 m).
Findings show that the heat exchanger reduced summer inlet
air temperatures by 0.5 °C to 9.9 °C while raising them by 0.9
°C to 11.2 °C in winter, and that increasing both pipe length
and burial depth enhanced the heat exchanger's efficiency.
However, pipe lengths below 25 m had minimal impact on
temperature, and employing pipes longer than 75 m did not
significantly enhance cooling. Essa and Hammadi [11]
investigated the impact of environmental factors on the flow
characteristics of aboveground and underground pipelines
using PCM and a helical heat exchanger. Finding that the
effect of solar radiation is more significant than ambient
temperature or wind speed, and the diameter of the pipeline
significantly affects the fluid temperature. Studied numerically
and experimentally of a solar energy tower with an
underground heat exchanger in Tikrit city, Iraq, by Abed et al.
[12]. The results showed that at a depth of 3 m and an outer
diameter of 152 mm, this is the maximum efficiency of the
heat exchanger, and the temperature is constant and is
approximately 21°C. When the air velocity is increased, the air
exit temperature from the heat exchanger increases and ranges
from 22.2 to 28 °C. The pipe outlet temperature for air

increases with the increase in the pipe diameter and decreases
with the increase in the length and depth of the pipe, and the
average air temperature decrease is 12-18 °C. Serageldin et al.
[13] conducted experimental research and parametric analysis
on a passive solar chimney heating and ventilation system
incorporating EAHE. Discovered that the diameter of the
EAHE pipe exhibited the highest sensitivity. Additionally,
observed that increasing the depth led to fewer fluctuations in
soil temperature, with stability or minimal variations occurring
when the depth exceeded 2 m during certain times of the year.
Furthermore, finding that the diameter of the EAHE is a crucial
factor for pressure drop and flow rate increase.

This paper presents a simulation of an earth-air heat
exchanger in Basrah, lrag, utilizing the ANSYS-Fluent
2021/R2 program. The aim of the current study is to obtain the
lowest temperature leaving the heat exchanger using the soil
temperature by studying several parameters such as the
diameter of the pipe, burial depth for the pipe, and for different
air velocities, the continuity equation, momentum equations,
and energy equations of air are solved, as well as the
temperature distribution of the air in the pipe and the soil and
the velocity distribution inside the heat exchanger.

2. Mathematical formulation
2.1. Geometrical models

Three models of the earth-air heat exchanger were
simulated, buried at different depths and at different velocities
in the conditions of the city of Basrah, Iraqg, as shown in Fig.
1, which shows the earth-air heat exchanger with its
dimensions. A three-dimensional model was used to describe
the earth-air heat exchanger of forced ventilation. The pipe
from PVC (Polyvinyl Chloride) pipe buried in the ground has
different geometric parameters used in the thermal analysis:
different diameters (D = 7.62, 10.16, and 15.24 cm), different
depths (Z = 1, 2, and 3 m) for different velocities, and a
thickness of usually 4 mm. All the models have the same
dimensions. The physical and thermal specifications of air,
soil, and pipe used in the theoretical simulation analysis of the
models are represented in Table 1.

The principle of operation of the heat exchanger is that air
is drawn from the outside and enters the room in the case of
connecting a solar chimney, which is called natural ventilation,
or the air is pumped by a suitable fan and is called forced
ventilation, where the air is cooled by transferring heat to the
soil. The air is cooled by transferring heat from the air inside
the pipe to the soil, where the soil temperature is lower than
the temperature entering the air in the summer or in the hot
months. The above configuration can be simplified by
considering that the soil surrounding the heat exchanger has
constant and uniform thermal properties and that the physical
dimensions of the pipe are considered constant. The model is
based on energy balance equations when the soil temperature
is constant. The equation takes into account the following
parameters along the heat exchanger that describe the change
in air temperature:

1. Outside temperature (ambient air).

2. Soil temperature at a certain depth, taking into account the
thermophysical properties of the soil.

3. Geometry, pipe type and air velocity.
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Fig. 1 Schematic of Earth-Air Heat Exchanger.

Table 1. Physical and thermal properties [8].

Density () Thermal Specific heat
Materials (k /%3) conductivity (k) capacity (Cp)
g (W/m.K) (I/kg.K)
PVC 1380 0.16 900
Air 1.225 0.0242 1005
Soil 2050 0.52 1840

2.2. The governing equations

The airflow within the earth-air heat exchanger is driven

by forced convection, induced by an external factor like a

small fan. The simulation employs governing equations,

including mass conservation for the Reynolds Averaged

Navier-Stokes (RANS) equations and momentum equation, as

well as equations for energy, turbulence, and radiation transfer.

These equations (continuity, momentum, and energy) were

solved under various assumptions to solve the current flow and

heat transfer cases within the system. The assumptions for the

EAHE are outlined as follows:

e Steady-state conditions.

e Turbulent flow.

e Three-dimensional model.

e Density in buoyancy force is modeled by Boussinesq

approximation is utilized.

The flow is incompressible.

e The soil is considered as a homogeneous medium and
isotropic.

o All the air properties are constant and they are evaluated at
ambient temperature T, = 313 K, Ts = 304.578 K, and Tsil
=297.487 K.

e Viscous dissipation and compression work are assumed
negligibly small.

e The EAHE located at 30.568738° latitude and longitude
47.749277°,

The governing equations are a set of Kronecker symbol dij,
for continuity, momentum, and energy equations as shown

below [14]:

e Continuity equation

oy 1
o ox, )

e Momentum equation
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The equation (7) is called the material derivative [15]. a:
thermal diffusivity is the buoyancy source or sink term. u; is
the velocity component in the directions X;, X;, T, and P,
temperature and pressure, respectively. W is viscosity, which is
turbulent Reynold's stress. The turbulent heat transfer is
evaluated by an opposite turbulence model. By adopting the
eddy or turbulent viscosity models, they are calculated as [17]:

e Turbulent Reynolds stresses:

putt; =1y ox;  ox; 3P0 (10)
e Turbulent heat transfer:
— 4, oT
—pu, T =~ — 11
puj Pri 6xj ( )

Where: I is the turbulent dynamic viscosity, Pr the Prandtl
number. &ij Kronecker delta, 6ij =1 if i =jand §;; =0 if i #].

The unaltered temperature of the earth plays a crucial role
in the design of a heat exchanger system, under the assumption
of soil homogeneity and consistent thermal diffusion.
Consequently, the temperature, as well as the depth, can be
estimated at any given time using the following equation [17]:
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where: T, is the earth's temperature at time t (day), Tn is
the average soil surface temperature (°C), As is the extent of
soil surface variation was (12 °C), Z is the depth (m), as is the
soil thermal diffusivity was (0.0038 m?/h), t is the time elapsed
from the beginning of the calendar year (day), and t, phase
constant of the soil surface was (23 day) [5].

Calculating the undisturbed ground temperature presents a
challenge due to the largely unknown soil parameters,
typically defined by average soil properties. As a result, the
undisturbed ground temperature remains hypothetical,
equivalent to the annual average temperature of the soil surface
in a specific area. Assuming that the ambient air temperature
is equal to the soil surface temperature, the undisturbed ground
temperature in Basrah (southern Iraq) is estimated at 24.4 °C,
mirroring the region's average annual temperature [5], [18].

3. Turbulence model (standard k-¢)

Various turbulence models employ the notion of turbulent
viscosity or turbulent diffusion to represent turbulent heat
fluxes and Reynolds stresses. This yields a time-average
equation for turbulent flow that resembles the laminar flow
equations, with distinctions arising when laminar coefficients
such as diffusion and viscosity are substituted by effective
coefficients encompassing both turbulent and laminar effects
[19].

The standard k-¢ model stands as the predominant
turbulence model, comprising two equations governing kinetic
energy (k) and its dissipation rate (¢). Characterized by these
parameters, the turbulence model is employed in the current
study. It establishes a relationship between turbulent quantities
and local values of density (p), kinetic energy (k), and
dissipation rate (&) through the following expression [19]:
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The empirical constants (Cy, Cy, Cp, oy, 0., Cy) have been
incorporated into the model, and their respective values are
presented in Table 2. These constants have been effectively
employed in numerous three-dimensional shapes.

Table 2. Constants values for the (k-&) model [19].

C1 Cz Co ok O Cu
0.09

1.44 1.92 1.0 1.0 1.3

4. Initial and boundary conditions

The typical boundary types encountered in the analysis of
earth-coupled buildings include the soil surface and deep soil.
Fig. 2 provides a detailed illustration of the initial and
boundary conditions for the EAHE.

e |nitial conditions:

1. For the temperature: the ambient temperature T, = 313 K.
2. For the velocity: inlet velocity V = Vi, = (0.5, 1, 1.5, 2 m/s).

e Boundary Conditions:

1. The outlet boundary condition: pressure outlet boundary at
atmospheric pressure (P = 0).

2. Boundaries surfaces of the pipe: 07/on # 0, where: n =X, y,
and z direction.

3. All contact surfaces between soil and air are continuous
boundary conditions as:

. . ( k67> ( k87>
=1l = |—k=—) =|\—k=—
air soil on/ iy on/ il

Below are descriptions of the heat transfer processes
occurring at these boundaries along with their mathematical
models:

1. Deep soil conditions

Temperature conditions can be specified according to the
circumstances and geographic location, as well as the data and
time of 1/6/2023 at 12 p.m., according to equation (12) [5]:

T=T(zt) = 24.487 °C.

Where: z is the vertical coordinate at depth (3 m) and is
assumed to be positive in the soil if conditions exist that
maintain a constant temperature at a specific depth, then the
specific temperature condition is considered appropriate for
this case. As a result, many previous models assumed a
constant temperature equal to the average dry bulb at great
depth.

2. Soil surface

The boundaries of the soil surface are determined
mathematically, as is the specified temperature condition.

T=Ts
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executed for five distinct grid sizes, and the results of the grid
independence test for heat exchange are summarized in Table
3.

It was observed that the findings and the obtained number
of elements, 5,595,904 and 6,943,510, were nearly identical.
Consequently, a domain comprising 5,595,904 elements was
chosen to enhance computational accuracy and minimize
calculation time. Fig. 4 explains the outlet temperature of the
pipe with the number of elements.

Table 3. Grid independence test result for EAHE.

Fig. 2 Boundary types of domains for EAHE.

5. The Mesh
5.1. Mesh generation

The initial step in the finite volume method involves grid
creation, where the working area is partitioned into smaller
control volumes. Grid generation, a crucial aspect, finds
numerous applications in computational fluid dynamics
(CFD). The meshing process directly influences the accuracy
and convergence of CFD simulation results [20]. For this
study, the ANSYS-Fluent simulation program was utilized to
fragment the generated model into smaller components using
basic geometric elements, connected at shared nodes.
Hexahedra were chosen for the pipe, while tetrahedra were
selected for the soil. Higher mesh quality ensures more precise
outcomes, though mesh quality below a certain threshold may
yield inadequate results. Fig. 3 depicts the EAHE and displays
various types of 3D mesh elements used in ANSYS-Fluent
2021/ R2.

Fig. 3 Mesh generation for the whole domain of the EAHE, illustrating inlet
and outlet openings.

5.2. Mesh independence test

To ensure that the outcomes are primarily influenced by the
boundary conditions and physics applied rather than the mesh
resolution, conducting a mesh independence analysis in
computational fluid dynamics (CFD) is crucial. A widely
adopted method to assess grid independence involves
incrementally increasing resolution and conducting multiple
simulations. If the results remain largely unchanged, it
suggests that the initial grid is adequate. Calculations were

Mesh No. of element | Outlet temperature (K)
Mesh — 1 1584221 310.7
Mesh — 2 3057655 309.9
Mesh — 3 4269665 308.8
Mesh — 4 5595904 308.266
Mesh — 5 6943510 308.24
311
310.5 |
310 A
X 309.5 A
3
S 309 A
308.5 A
308 +——7F—F—"—F—+—— T+ T
0 2000000 4000000 6000000 8000000
No.of element

Fig. 4 Variation of pipe outlet temperature with total element number.

6. Numerical results validation

Before performing the theoretical analysis of the model
using the ANSYS-Fluent 2021/R2 program, the correct
operation of the program must be verified using experimental
and theoretical data reported by Bansal et al. [21] and
Bellatrache et al. [3] at different ambient temperatures. Table
4 shows the input parameters used for the researchers’ model
for the validation step, and the results are presented in Table 5
and Fig. 5. It can be noted that the results showed very good
agreement between the theoretical and experimental results of
previous studies, as the average outlet temperature was 3.89%,
and this value falls within the error range and is considered a
relatively low value. Therefore, we conclude that our model
can correctly predict the thermal performance of the earth — air
heat exchanger.

Table 4. Parameters entered for validation against theoretical and
experimental results.

Parameter Reference value
Pipe length 23.42m
Pipe diameter 0.15m
Soil density 2050 kg/m?3
Soil specific heat capacity 1840 J/kg. K
Soil thermal conductivity 0.52 W/m. °C
Soil temperature 26.7 °C




H. H. Qasim et al. / Basrah Journal for Engineering Sciences, Vol. 24, No. 2, (2024), 12-23 17

Table 5. Summary of outlet air temperature for present work comparing with 7 Results and discussion
theoretical and experimental data for previous studies.

The simulation analysis in this study was performed in
Basrah city climate (longitude 47.749 and latitude 30.568) in
Irag by using ANSYS-Fluent 2021/R2 software. The results of
EAHE and the performance of the pipe buried in the soil,

including the different pipe diameters D = 7.62 cm (thickness

= 2 mm), 10.16 cm (thickness = 2 mm), and 15.24 cm

(thickness = 3 mm), different depths of pipe in the soil (Z =1

m, 2 m, 3 m), and different velocities (v =0.5 m/s, 1 m/s, and

Velocity Inlet (m/s)

Inlet air . Outlet air temperature °C . o
velocity Inlet air Re!atlve error %
/ temperature | exp data [Theo. data Theo. with Exp. data
(m/s) O |from [22]| from [3] | Present | from [22]
work
2 43.4 33.1 334 33.2 0.3
3 425 331 353 343 3.62
4 423 335 36.6 355 597
5 42.2 34.2 374 36.1 5.55
38
«f— Exp. Bansal et al.
—~ 37 ]| =0—Theo. Belatrache et al.
o 1_—O—Theo. Present work
£ 36 ]
- ]
3 ]
O 35 4
g 1
23
g4
£ ]
‘1-‘ ]
'_32 L T rTrprrrrr e e L
1.5 2 2.5 3 3.5 4 4.5 5 5.5

1.5 m/s), are presented. All the models of cases subjected to
the inlet temperature (ambient temperature) (Ta = Tin) to the
EAHE are 313 K, the temperature of the surface (Ts) is 304.578
K, the temperature of the soil (Tsi) is 297.487 K at depth Z =
3 m, and the atmospheric pressure.

Figure 6 shows the contour of temperature distribution of
the soil and pipe at pipe diameter (D = 7.62, 10.16, and 15.24
cm) and buried depth of pipe Z = 3 m for three inlet velocities
(v=0.5,1, and 1.5 m/s).

At D = 7.62 cm, it can be seen that the temperature
increases with increasing velocity due to an increase in heat
transfer rate with increasing mass flow rate, where the
temperature of the inlet air is greater than the temperature of

the soil.

Fig. 5 Variation of velocity inlet with temperature outlet, pipe length = 23.42
m, pipe diameter = 0.15 m and Ty = 26.7 °C, comparing with simulations

and experiments for previous studies.

Temperature Temperature Temperature
Contour 1 Combar 3" Contour 1
o 309033 309.614
307287 308.321 308.866
306579 307.609 308.117
305.891 + 306.897 307.368
305.203 - 306.184 .620
304516 | 305.472 305.871
303.828 304.760 305.123
303140 304.048 3
302452 303.335 303626
S0 a7 302623 302877
0.388 301.911 302.128 _
209701 301.198 301.380 (v=0.5mls)
299.013 300.486 300.631
298.325 299.774 299.883
297637 299.062 299.134
K] 298.349 298.386
297.637 297.637
K K]
Tmearsre Sngergure Temperature
300.624 310.004
308.875 300231 311.224
308.126 308.458 310.375
307.377 307.685 309.526
306.627 306.912 308.677
s 2o e
304380 304.593 300 120
303.631 303821 .
305.280
302881 e 304.431 =1m/
301.383 301.502 303.581 (V =1lm S)
300.634 300.729 302.732
299.885 299.956 301.883
= =i oo
- - 1
297.637 297.637 ggg_sgg
K K 298.48
297.637
[K]
Te
g Tomperaure Iepanes
310135 311.797
309,354 310.508 310.912
308.573 309.704 310.027
£307.792 308.900 309.14.
ggg.gn 308.095 ¢ ggg.gg;z
305.448 ggéigé 3004
ey 305.682 300,002
303. : 304.717
o Bien e
301543 303268 302,062 (v=1.5m/s)
s gt s
299.199 gga'ggg 299407
298.418 200050 298,522
297.637 . 297.637
K 299.246 K
298.441
297.637
K]
(D=7.62cm) (D =10.16 cm) (D =15.24 cm)

Fig. 6 Contours illustrate the temperature distribution for the soil and inside the pipe at buried depth (Z) = 3 m, different pipe diameter and with different

velocity.
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The effect of pipe diameters D = 10.16 cm and D = 15.24
cm indicates that with increasing diameter, the temperature
increases, which returns to increase the mass flow rate (inlet
mass of air) with diameter, which causes an increase in heat
transfer to the pipe and soil. When the velocity v = 1 m/s, the
maximum temperature at D = 7.62 cm is 309.624 K, at D =
10.16 cm is 310.004 K, and at D = 15.24 cm is 311.224 K. We
notice from this figure, at D = 7.62 cm, that the maximum
temperature is lower than the maximum temperature when D
=10.16 cm and D = 15.24 cm. Also, from the vertical section,
the temperature of the soil is graduated from the minimum
value at the bottom (297.637 K) to the maximum value at the
surface of the soil and inlet pipe. We note from the figure that
the smaller the diameter, the lower the outlet temperature from
the pipe, and this leads to improved ventilation.

Fig. 7 shows the contour of velocity distribution for the
pipe at pipe diameter (D = 7.62, 10.16, and 15.24 c¢m) and

buried depth of pipe Z = 3 m for three inlet velocities (v = 0.5,
1, and 1.5 m/s). It can be seen that the maximum velocity
increases with increasing inlet velocity; for example, at D =
7.62 cm, the maximum velocity is 0.791 m/s, 1.562 m/s, and
2.337 m/s for inlet velocity 0.5 m/s, 1 m/s, and 1.5 m/s,
respectively. From this figure, it can be concluded that the
effect of depth on velocity is small, where the properties of
fluids are constant (not varying with temperature). We note
from the velocity distribution contours inside the pipe that the
effect of depth on velocity has a small effect when the
properties of the air are constant (do not change with
temperature). As for changing diameters, as the diameter
increases, the velocity increases by a small percentage; for
example, at v = 1.5 m/s, the maximum velocity is 2.337 m/s,
2.346 m/s, and 2.543 m/s for D = 7.62 cm, 10.16 cm, and 15.24
cm, respectively.
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Fig. 7 Contours illustrate the velocity distribution inside the pipe at buried depth (Z) = 3 m, different pipe diameter and with different velocity.

Figure 8 illustrates the temperature distribution of soil with
depth (2) in the soil at diameter D = 7.62 cm and buried pipe
depth Z=1m, 2 m, and 3 m for three velocities (v = 0.5, 1,
and 1.5 m/s). It can be seen that increasing velocity increases
the temperature of the soil because it increases the heat transfer
rate (conduction) where the temperature of the air is greater
than the temperature of the soil. Also, the general trend of soil
temperature with depth is decreasing with all velocities,
indicating that return to the temperature of the soil surface,
which is always greater than the soil temperature and decreases
with depth. At depth Z = 1, where the pipe is buried, the
temperature increases and then decreases due to the flow of air.
The effect of anther depths Z =2 m and Z = 3 m. These figures
indicate that, with increasing depth, the temperature of the soil

at the depth of the buried pipe decreases with increasing depth.
The maximum outlet temperature of the pipe at the buried
depth (Z =1, 2, and 3) m at velocity 1.5 m/s, and D = 7.62 cm
are: 304.487 K, 304.042 K, and 303.216 respectively. And the
thermal exchange between the air crossing the pipe and soil
increases with the length of buried pipe.

Figure 9 shows the temperature distribution of soil for three
depths of buried pipe Z =1 m, 2 m, and 3 m, respectively, at
diameter D = 10.16 cm, for three velocities (v=10.5, 1, 1.5, and
2 m/s). These figures show that increasing the diameter results
in an increase in the temperature of the soil and the outlet
temperature of the air, which in turn decreases the heat transfer
(conduction) with the diameter of the pipe.
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Fig. 8 Temperature distribution for the soil at pipe diameter D = 7.62 cm and
different buried pipe Z=1m, 2 m, and 3 m with different velocity v=0.5
m/s, 1 m/s, and 1.5 m/s.

Figure 10 shows the temperature distribution of the soil for
three depths of buried pipe Z=1m, 2 m, and 3 m, respectively,
at diameter D = 15.24 cm, for three velocities (v = 0.5, 1, 1.5,
and 2 m/s). It can be seen from these figures that increasing the
diameter results in an increase in the temperature of the soil
and the outlet temperature of the air, which in turn decreases
the heat transfer (conduction) with the diameter of the pipe.
When the diameter increases, the outlet temperature of the pipe
increases because the heat transfer coefficient by convection
decreases. Therefore, as the diameter of the pipe decreases, the
temperature decreases.

Figure 11 depicts the variation in air temperature
distribution along the pipe at three different buried depths of Z
=1m,2m, and 3 m, respectively, with a diameter of D = 7.62
cm and for three velocities (v = 0.5, 1, and 1.5) m/s. This figure
illustrates that air velocity influences the outlet air temperature
of the heat exchanger, with lower velocities resulting in a
decreased outlet air temperature.

Fig. 9 Temperature distribution for the soil at pipe diameter D = 10.16 cm
and different buried pipe Z=1m, 2 m, and 3 m with different velocity v =
0.5 m/s, 1 m/s, and 1.5 m/s.

Additionally, the temperature within the pipe gradually
decreases until it approaches the soil temperature. At a depth
of 3 m and a velocity of 1 m/s, the temperature decreases from
the ambient temperature (313 K) until it nears the soail
temperature, approximately 301.2 K. Moreover, it's evident
that as the depth increases, the outlet temperature of the heat
exchanger decreases. Beyond a length of 29 m, the air
temperature inside the heat exchanger remains constant.

Figure 12 shows the variation of the air temperature
distribution along the pipe for three buried depths of pipe Z =
1m, 2m, and 3 m, respectively, at diameter D = 10.16 cm for
three different velocities (v = 0.5, 1, and 1.5) m/s. It can be
seen from this figure that the air velocity affects the air
temperature of the pipe outlet, as increasing the velocity
increases the outlet air temperature of the heat exchanger. We
also notice that the temperature inside the pipe begins to
decrease until it becomes close to the temperature of the soil.
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Fig. 10 Temperature distribution for the soil at pipe diameter D = 15.24 cm
and different buried pipe Z=1m, 2 m, and 3 m with different velocity v =
0.5 m/s, 1 m/s, and 1.5 m/s.

At depth 3 m and velocity 0.5 m/s, we notice that the
temperature decreases from the ambient temperature, which is
313 K, until it reaches approximately the soil temperature,
about 303.014 K. We can also notice that as the depth
increases, the outlet temperature of the heat exchanger
decreases. Moreover, the air temperature inside the heat
exchanger decreases by a small percentage beyond a length of
36 m.

Figure 13 illustrates the variation in air temperature
distribution along the pipe at three different buried depths of Z
=1m, 2m, and 3 m, respectively, with a diameter of D = 15.24
cm and three various velocities (v = 0.5, 1, and 1.5) m/s. It can
be seen from this figure that air velocity impacts the outlet air
temperature of the heat exchanger, with higher velocities
resulting in an increased outlet air temperature. Moreover, it's
observed that the temperature within the pipe gradually
decreases until it approaches the soil temperature.

Fig. 11 Temperature distribution along the pipe at pipe diameter D = 7.62 cm
and different buried pipe Z=1m, 2 m, and 3 m with different velocity v =
0.5m/s, 1 m/s, and 1.5 m/s.

At a depth of 3 m and a velocity of 0.5 m/s, the temperature
decreases from the ambient temperature (313 K) until it
approaches the soil temperature, approximately 303.752 K.
Additionally, it's noted that as the depth increases, the outlet
temperature of the heat exchanger decreases. The air
temperature inside the heat exchanger experiences a slight
decrease beyond a length of 50 m because the diameter is
bigger than that at D = 7.62 cm and D = 10.16 cm, which
means more flow rate enters the pipe, which leads to a decrease
in heat transfer between the air inside the pipe and the soil
outside the pipe.
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Fig. 12 Temperature distribution along the pipe at pipe diameter D = 10.16
c¢m and different buried pipe Z=1 m, 2 m, and 3 m with different velocity v
=0.5m/s, 1 m/s, and 1.5 m/s.

The effect of pipe diameter D = 7.62, 10.16, and 15.24 cm
on the temperature distribution for the soil with buried pipe Z
=3 m and inlet velocity v = 1 m/s is shown in Fig. 14. It can
be seen from this figure that when the diameter of the pipe
decreases, the temperature of the soil decreases, and this leads
to an increase in the air outlet temperature from the heat
exchanger. The reason for this is that the larger diameter of the
pipe reduces the heat transfer coefficient by convection, and
this leads to an increase in the temperature of the air outlet of
the heat exchanger. Therefore, a smaller pipe diameter has
better performance. When the diameter is small, the center of
the pipe is close to the soil outside, and this allows more heat
to be transferred from the air inside the pipe to the soil.

Fig. 13 Temperature distribution along the pipe at pipe diameter D = 15.24
cm and different buried pipe Z=1m, 2 m, and 3 m with different velocity v
=0.5m/s, 1 m/s, and 1.5 m/s.
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Fig. 14 Temperature distribution for the soil with buried pipe Z=3 matv =
1 m/s and different pipe diameter.
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The effect of pipe diameter D = 7.62, 10.16, and 15.24 cm
on the temperature distribution along the pipe with buried pipe
Z =3 m and inlet velocity v =1 m/s is shown in Fig. 15. It can
be observed from this figure that with a decrease the pipe
diameter, the temperature inside the pipe decreases. As the
diameter of the pipe decreases, the heat transfer coefficient by
convection increases because the center point of the pipe is
closer to the soil outside.

314 -
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312 1
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310 - ——D=15.24cm
< 308
306 1
304
302
300 A
0 0.2 0.4 0.6 0.8 1 1.2
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Fig. 15 Temperature distribution along the pipe with buried pipe Z=3matv
=1 m/s and different pipe diameter.

Figure 16 displays the influence of pipe diameter D = 7.62,
10.16, and 15.24 cm on the outlet temperature of the pipe with
velocity at a buried depth of Z = 3 m. It's evident from this
figure that air velocity impacts the outlet air temperature of the
heat exchanger, with higher velocities resulting in an increased
outlet air temperature. Additionally, it's observed that as the
diameter increases, the outlet air temperature of the heat
exchanger rises due to the increased mass flow rate.
Consequently, this leads to a decrease in the heat transfer
coefficient by free convection due to the increased distance
between the center of the pipe and the surrounding soil.
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Fig. 16 Temperature outlet for the pipe with velocity at: buried pipe Z=3 m
and different diameter.

8. Conclusion

The current investigation focuses on exploring the impact
of soil temperature on the Earth-Air Heat Exchanger in Basrah
city, Irag, employing both numerical and theoretical analyses.
Numerical simulations were conducted using ANSYS-Fluent
2021/R2 to examine various factors such as the diameter of the
buried pipe, the depth of burial of the heat exchanger, and the
velocity of air entering the heat exchanger on the outlet air
temperature from the pipe, soil temperature, velocity

distribution, and temperature distribution. The basic findings
of the current study can be summarized as follows:

1. As the depth of the buried pipe decreases, the temperature
of the air outlet the heat exchanger increases. This occurs
because the soil temperature increases nearer to the soil
surface, leading to a temperature decline as we move away
from it.

2. As the diameter decreases, the air outlet temperature from
the heat exchanger and the soil temperature decreases due
to increased heat transfer. This is due to the fact that when
the pipe diameter is small, the center point of the pipe is
close to the soil surface.

3. Air flow or air inlet velocity must be appropriate, as the
best velocity is 1 m/s, and as the velocity increases, the
difference between the inlet and outlet temperatures of the
heat exchanger is smaller.

4. Changing diameters has very little effect on the velocity of
air inlet.

5. The effect of depth on velocity is very small when the fluid
properties are constant, i.e., there is no change with
temperature.

6. When the velocity increases, the soil temperature increases
due to the increase in the rate of heat transfer, as the
temperature of the air inlet the heat exchanger is higher
than the temperature of the soil.

7. The temperature inside the heat exchanger begins to
decrease until it becomes close to the temperature of the
soil, especially at a depth of 3 m, when the length of the
pipe is about 30 m. After this length, the decrease in
temperature is very small.

8. The maximum temperature difference of about 10 °C
between the ambient temperature and the outlet
temperature of the heat exchanger was obtained at a depth
of 3 mand a velocity of 1 m/s at a diameter of 7.62 cm.
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