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Abstract 
The operation of air conditioning systems necessitates a substantial amount of electrical energy. 

Passive air cooling is an energy-saving technique that is effective in hot and arid regions such as Iraq. 

The ground-cooling approach involves the utilization of a stationary surface temperature to passively 

cool a given space, hence reducing energy consumption in buildings. This research uses geothermal 

methods to model the building's air conditioning (cooling) system under various operating conditions. 

Also, utilizing ANSYS FLUENT to simulate the open-loop heat exchanger behavior and its impact on 

outside air temperature and cooling efficiency. Simulations were carried out on a ground heat 

exchanger with different designs, the following dimensions of length (15, 33, and 40) m and diameter 

(0.1, 0.1524, and 0.2) m at different airflow speeds (1, 1.5, and 2) m / s with depth (3 m) underground. 

The findings indicated that the air temperature differential between entrance and exit is directly related 

to pipe length and inversely proportional to air velocity and tube diameter. The largest difference 

between air entrance and exit temperatures was 22 K at 1 m/s, 33 m length, and 0.1 m diameter. 

Furthermore, the cooling efficiency improves with decreasing pipe flow speed and diameter, but it is 

linearly related to tube length. The geothermal heat exchanger achieved a peak cooling efficiency of 

86.6% when operated at an air velocity of 1 m/s. The study recommended designing a network of 

geothermal exchangers to adapt homes. Additionally, the implementation of a soil humidification 

system around the pipe serves to decrease the temperature of the air exiting from the heat exchanger. 

Moreover, use ground shading techniques, such as vegetation. 
 

Keywords: Building conditioning, diameter, heat exchanger, length, simulate 

 

Introduction 

The Fossil fuels are an unstable energy source and will decrease over the next few years. 

According to the World Energy Organization, the energy demand will increase from (665EJ) 

in (2020) to (865EJ) in (2040) compared to (552EJ) in (2010) [1]. Fossil fuels are the main 

contributor to climate change. At the same time, heating and cooling use over half of global 

energy output. As a result, customers are searching for environmentally conscious and 

energy-efficient building designs, so it is essential to get them ready using passive and active 

tactics [2]. One of the earliest and most well-liked methods of using geothermal energy is 

direct usage. It employs about (14.9%) of geothermal energy for heating buildings, (25.8%) 

for bathing and swimming, (2.7%) for heating water, and (0.2%) for other uses. Where the 

abundant energy from the use of geothermal energy reached about (250) million barrels of 

oil annually and (107) million tons of carbon dioxide in the atmosphere [3, 4]. The ground 

capacity is a negative way to cool and heat buildings, and to utilizing the thermal energy of 

the earth effectively must design a heat exchanger that includes long metal or plastic pipes 

placed underground at a certain depth and its end is above the ground where the air is drawn 

inside the pipe by a pull fan installed at one end of the pipe and during the passage of air 

inside the pipe, it absorbs or loses part of its heat to the soil surrounding the pipe and the air 

comes out from the other end to the space to be cooled as shown in the Figure (1) [5]. There 

are three different forms of geothermal heat exchangers: an open-ring type, a closed-loop 

type, and a hybrid system type [6]. The impact of soil moisture on the thermal efficiency of 

geothermal heat exchangers employed for heating purposes in India was examined through 

the implementation of two distinct systems: one equipped with a humidification system and  
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the other lacking such a system. The present study 

demonstrates that heat exchangers equipped with 

humidification systems exhibited a notable improvement in 

efficiency, ranging from 15.8 to 26.1 percent, compared to 

their counterparts lacking such systems [7]. 

Zaidan, et al., [8] presented a study on the depth of burial 

through the study of air conditioning for buildings using 

geothermal energy techniques for cooling in the Iraqi city of 

Tikrit. The findings indicated that the earth's temperature at 

3 m is 20–21 °C. Research by Badgujar et al. [9] examined 

the use of geothermal exchangers in air conditioning in 

India. The results indicate that the subsurface temperature of 

the Earth is relatively constant throughout the year, ranging 

from 15 to 20 °C at a certain depth. Thus, geothermal 

exchangers can cool and heat in winter and summer by 

utilising the differential between outside air and ground 

temperature. Noori and Hasan, [10] carried out numerical 

study of the impact of the type of pipe material and its 

thickness on the general behavior of geothermal exchangers 

under the climatic conditions of the city of Nasiriyah / Iraq. 

Two different types of pipes were used, the first type (PVC) 

and the second type is steel. The results display little 

improvement in the temperature air in case using steel 

materials. Moreover, the thermal performance of two 

different kinds of geothermal exchangers used to cool 

buildings in Algeria was also studied experimentally and 

numerically by Menhoudj et al. [11]. EAHE-Zinc, which 

stands for a zinc pipe attached to a chamber, is the first kind. 

EAHE-PVC, which stands for the plastic pipe attached to a 

second chamber, is the second kind. The findings indicated 

that the rate of temperature drop is equivalent for zinc and 

PVC pipes (6 °C and 6.5 °C, respectively) and that the 

energy provided by PVC pipes covers 58.42% of the room's 

cooling needs, while that provided by zinc pipe pumped in 

the first chamber only covers 35.44% of those needs. At the 

University of Biskra in Algeria, Belloufi et al. [12] presented 

a computational and experimental investigation on 

geothermal exchanger transitional behaviour in continuous 

operation mode, soil thermal conductivity, and 

environmental variables. The numerical and experimental 

findings correlate well with an error rate of 7.46%. The 

greatest temperature decrease (18.06 °C) and thermal 

efficiency (78.96%) for air inside at 48.87 °C were also 

found. Yousef et al. [13] conducted a theoretical investigation 

on geothermal exchanger thermal performance in tropical 

Malaysia. PVC pipe option with 25m length, 2m depth, and 

100mm diameter. With a 25-m length, 100 mm diameter, 

and a 0.02 kg/s flow rate, a ground heat exchanger made of 

PVC has an interior temperature of 35 oC and an outside 

temperature of 25.59 oC. A numerical analysis of a ground 

heat exchanger in Turkey was conducted using ANSYS 

FLUENT 12.1 by Tasdelen and Degteken, [14]. The findings 

showed that raising the Reynolds number raises outside air 

temperature and decreases burial depth. 

Anand and Mishar, [15] conducted an analysis of geothermal 

exchangers for Bhopal's climate. The researchers used 

ANSYS FLUENT to develop a two-dimensional ground 

heat exchanger model in the shape of a W. The largest 

temperature differential between air entering and leaving a 

horizontally buried pipe was 22 °C and 8.01 °C in summer 

and winter, respectively. The largest summer-to-winter 

temperature differential was 22 °C when the pipe was 

buried vertically. The largest summer-to-winter temperature 

differential was 22 °C when the pipe was buried diagonally.  

The examination of previous research has revealed a notable 

absence of studies investigating the implementation of earth 

pipe building-integrated cooling systems in desert regions 

such as Iraq, specifically focusing on the utilization of 

geothermal energy without the reliance on mechanical 

equipment. This research will simulate an open-type heat 

exchanger in 3D. Along with research on how operating 

parameters (air velocity, pipe diameter, and length) affect 

ground heat exchanger performance 

 

Theoretical Part 

This chapter reviews the mathematical equations and the 

thermal balance equations for the ground heat exchanger. 

The mathematical equations aim to perform designed 

calculations to verify the temperature values leaving the 

exchanger. In addition, a three-dimensional simulation of 

the heat exchanger was conducted using the ANSYS 

FLUENT R 16.1 software to validate the temperature 

distribution throughout the whole length of the heat 

exchanger. 

 

Geothermal heat exchanger design 

In the current research, the heat exchanger used type (open 

ring) where the air is withdrawn from the external 

surroundings and passed inside the buried pipes to cool the 

air or heat it through heat exchange between the air and the 

soil surrounding the pipe and the air comes out into the 

space as air conditioner as shown in Figure. 1. The 

geothermal cooling system was developed with 

consideration for the specific environmental circumstances 

of Salah Aldin, a city located in Iraq. The heat exchanger 

used in simulation made of galvanized aluminum with 

different diameter and length are (0.1, 0.1542, 0.2 m) and 

(19, 33, 40 m) respectively, and distance between legs of 0.6 

m. The approved design method for the geothermal cooling 

system is as follows [17]: 

1. Determine the cooling load of the structure requiring 

cooling.  

2. Choose the type of material the heat exchanger pipe. 

3. The calculation of the length of the ground pipe is 

determined by a set of equations and in accordance with 
[18]: 

 

  (1) 

 

Whereas,  

L = required pipe length (m), Q= Room cooling load (W), D 

= pipe diameter (m) and ∆T= difference between 

atmospheric and outgoing air temperatures (°C). The 

following equation calculates the convection heat transfer 

coefficient (h) [19]: 

 

  (2) 

 

Where  

Nu = Nusselt number. 

ka = air thermal conductivity (W/m. °C) 

The equation below calculates Reynolds number [20]: 
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Fig 1: Ground heat exchanger system [16]. 

 

  (3) 

 

Whereas 

V = air velocity (m/s), ρa=Air density (Kg/m3), μa = 

dynamic viscosity of air (kg/m.s) and D = pipe diameter (m) 

The coefficient of friction can be calculated from the 

following equation [20]: 

 

   (4) 

 

  (5) 

  

The Nusselt number is calculated from the following 

equation [21]: 

 

   (6) 

 

 
 

This equation calculates Prandtl number: 

 

  (7)  

 

Whereas: 

ca = heat capacity of air (KJ/Kg. °C) 

ka = thermal conductivity of air (W/m. °C) 

 

Heat transfer between soil and air 

The dissimilarity in air and soil temperatures leads to 

thermal interaction between the soil and air, which occurs 

via a submerged pipe positioned at a specific depth. This 

interaction results in alterations to the temperatures of both 

the air and soil in the vicinity of the pipe. As described in 
[22], divide the entire temperature difference by the total 

thermal resistance to determine the heat transfer rate.  

 

  (8) 

 

Whereas: q = average heat transferred between air and soil 

(W/m), Rt =Total thermal resistance, (m. °C/w), Tf = fluid 

temperature (°C), and Ts = soil temperature (°C). 

To get the overall thermal resistance (Rt) for the convection 

of heat between the air and soil around the pipe, it is 

necessary to calculate the sum of three individual thermal 

resistance values [23]: 

 

 (9) 

 

Whereas: 

The symbol Rc represents the thermal resistance associated 

with convection heat transfer between the inner surface of a 

pipe and the surrounding air (m. °C/W). The thermal 

resistance to conduction heat transmission between the outer 

and inner surfaces of a pipe is denoted as Rp (m. °C/W).  

The thermal resistance, denoted as Rs, is the resistance to 

heat transfer caused by the connection between the outer 

surface of the pipe and the surrounding soil (m. °C/W). 

The air flow rate can be calculated from the following 

equation [23]: 

 

  (10) 

 

Whereas: 

 = air mass flow rate (Kg/s) 

= air density (Kg/ m3) 

= pipe cross-sectional area (m2) 

 

There is no other fluid that may transport heat between the 

earth and air but air. Flowing through the pipe and into the 

nearby soil is the heat that the air gains or loses. Under the 

assumption of optimal contact between the outer pipe's 

surface and the surrounding soil and a significantly higher 

thermal conductivity of the soil compared to the surface 

resistance, it may be inferred that the inner pipe's surface 

temperature remains constant and is equivalent to the 

temperature of the Earth. The equation provided may be 

used to calculate the aggregate quantity of heat transferred 

through the airflow within the pipe [24]. 

 

  (11)  
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  (12) 

 

Whereas: 

T_i= Inlet air temperature (°C) 

T_out= Outlet air temperature (°C) 

T_s= soil temperature (°C) 

From the two equations (11) (12) it is possible to calculate 

the temperature of the outgoing air: 

 

  (13)  

 

The ratio of the actual temperature decrease refers to the 

greatest potential temperature reduction, which can be 

determined using the following equation: 

 

  (14) 

 

Simulation 

A numerical simulation (3-D) shows how altering air 

velocity, pipe length, and diameter affect heat exchanger 

heat transfer. Numerical simulations using ANSYS-Fluent 

2020 R16.1. Analysis assumptions are [17]: 

1. 1.The soil around the pipes has homogenous heat 

conductivity across all levels. 

2. The Earth's surface temperature is approximately 

equivalent to the surrounding air temperature, 

commonly referred to as the ambient air temperature. 

3. 3.The pipe is circular. 

Geometry of Case Study 

To solve the researched state numerically using CFD Fluent, 

the problem geometry must be explicitly constructed. In 

accordance with the stated design specifications (19, 33, and 

40 m) of Length, Diameter (0.1, 0.1524, and 0.2 m), and 

Thickness (1.5 mm) as shown in Figure (2), a design model 

for the geothermal heat exchanger was produced using 

ANSYS Workbench. 

 

 
 

Fig 2: The model of the geothermal heat exchanger that is 

designed 
 

Mesh Independence Test 

To reduce the error rate and enhance the numerical 

simulation outcomes. Figure 3 shows the results of the mesh 

independent test using different numbers of sample mesh 

elements to determine the right amount that avoids 

divergence in the computations. According to the findings 

(see Table 1), the mesh element size and node count for heat 

exchanger forms were 91732 and 132450, respectively. 

 

  
 

Fig 3: Mesh of the geothermal heat exchanger. 
 

Setup Solver 
In order to determine the solutions to the equations, it is 
necessary to establish a period, which is contingent upon the 
magnitude of the time step. Hence, the selection of an 
appropriate number of time steps is contingent upon the 
practical outcomes. A more favourable outcome was 
achieved while using a time step size of 0.05 seconds. To 
assure the convergence of the solution at each time step, a 
maximum iteration value of 10 was selected. The initial 
input air temperature was established at 317 K, and various 
time step sizes were examined. The time steps used in the 

study were 800,000, with the selection of the SIMPLE 
algorithm for the pressure-velocity coupling. The energy 
and momentum equations were estimated using a second-
order upwind method, whereas the pressure energy equation 
was approximated using a second-order scheme. 
 

Boundary Conditions 

For any geometric form, to solve equations and simulate the 

heat transfer process and temperature distribution. The 

following criteria apply to the simulations that were chosen: 
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Table 1: Setup and Boundary Condition 
 

Mesh Input data For summer Boundary Condition 

Nodes 132450 Tin 217 k Inlet 

 
Velocity inlet with time varying profile file 

Elements 91732 Tsoil 295 K 

  L 19, 33,40 m Pipe Stationary walls 

Smoothing Medium V 1,2,3 m/s 
Outlet Pressure outlet with zero static pressure 

Transition Slow d 0.1, 0.154, 0.2 m 

Inflation 3     

Face sizing 0.00045     

 

Results and Discussion 

Results from the analytical investigation were reported here. 

The study investigated the impact of ambient air 

temperature, relative humidity, and air velocity on the 

performance of ground heat exchangers. The performance 

of the geothermal exchanger is influenced by factors such as 

air velocity, pipe length, and pipe diameter. The constant 

state values for each variable are as follows: the pipe 

material is aluminium, the air velocity is 1 m/s, the pipe 

length is 33 m, the pipe diameter is 0.1524 m, and the depth 

is 3 m. One variable is changed at each study and the values 

of the other variables are kept and the inlet air temperature 

is (317 K), soil temperature (295 K) and constant depth (3 

m) underground. 

Figures. 4 illustrates the ground heat exchanger's air 

temperature at 1 m/s, 22 mm diameter, 33 m length, and 317 

K entering air. Results demonstrated a 17-K difference in 

entering and exiting air temperatures. if the air speed is 

raised to 1.5 m/s under the same circumstances. Figures. 5 

shows a 13-K variation in entering and exiting air 

temperatures. As speed increases, heat exchange between air 

and earth around the pipe diminishes. With the entry-exit air 

temperature difference reduced to 11 K, raising the air 

velocity to 2 m/s had the same effect (Figures. 6). Due to 

reduced heat transfer, air speed inversely affects cooling 

efficiency. The greatest efficiency was 86% at 1 m/s, and 

the lowest was 54% at 2 m/s. 

Figures. 7 illustrates the ground heat exchanger's air 

temperature at 1 m/s, 0.1 m diameter, 33 m length, and 317 

K input air. The data reveal a 22 K drop in outside air 

temperature from input. Increasing the pipe diameter to 0.15 

m reduces the entry-exit air temperature differential to 17 K 

(Figures. 8) In a tiny pipe diameter, air stays in the center 

and near the soil, and thermal energy transfers quickly, 

enabling increased heat transfer to the soil and raising the 

air temperature to the soil temperature. Increasing the pipe 

diameter to 0.2 m decreased the difference between entrance 

and exit air temperatures to 11 K (Figures. 9). The cooling 

effectiveness is inversely related to pipe diameter because 

the heat transfer coefficient decreases with pipe diameter. 

The maximum cooling efficiency value was (95%) at the 

lowest geothermal heat exchanger diameter (0.1 m), at the 

exchanger diameter (0.15 m), the cooling efficiency value 

was (81%) and the cooling efficiency value was (40%) at 

the largest geothermal exchanger diameter (0.2 m). 

Figures. 10 to 12 demonstrate how ground heat exchanger 

pipe length affects outside air temperature. The difference 

between entrance and exit air temperatures is (10, 18, and 

18) K for length (15, 33, and 40) m, velocity 1 m/s, and 

diameter 0.1 m. This feature allows heat transmission 

between air and earth to take longer in long pipes because 

air flows longer within them. Also, geothermal heat 

exchanger length directly affects cooling efficiency. The 

greatest cooling efficiency was 95% at the exchanger length 

(40m) and 54% at the pipe length (15 m).  

Figure 13 illustrates the variation in theoretical temperatures 

while utilising an aluminium ground heat exchanger 

measuring 3 inches in diameter and 9 metres in length, at 

varied air flow rates of 31.8, 63.6, and 95.4 m3/hr, 

compared to the empirical findings of researcher Abdullah 

Jasim [27]. The results showed varying rates of difference, 

with the maximum value of 4.6% observed at the 13th hour 

at a flow rate of 95.4 m3/hr. The results indicated a 

discrepancy of 2.9% between the practical and theoretical 

outcomes. 

 

 
 

Fig 4: Show Air temperature distribution in a geothermal heat exchanger with a 1 m/s speed, a 33 m length, and a 0.15 m diameter. 
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Fig 5: Show Air temperature distribution in a geothermal heat exchanger with a 1.5 m/s speed, a 33 m length, and a 0.15 m diameter. 
 

 
 

Fig 6: Show Air temperature distribution in a geothermal heat exchanger with a 2 m/s speed, a 33 m length, and a 0.15 m diameter. 
 

 
 

Fig 7: Show Air temperature distribution in a geothermal heat exchanger with a 1m/s speed, a 33 m length, and a 0.1 m diameter. 
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Fig 8: Show Air temperature distribution in a geothermal heat exchanger with a 1 m/s speed, a 33 m length, and a 0.15 m diameter. 
 

 
 

Fig 9: Show Air temperature distribution in a geothermal heat exchanger with a 1m/s speed, a 33 m length, and a 0.2 m diameter. 

 

 
 

Fig 10: Show Air temperature distribution in a geothermal heat exchanger with a 1m/s speed, a 15 m length, and a 0.15 m diameter. 
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Fig 11: Show Air temperature distribution in a geothermal heat exchanger with a 1m/s speed, a 33 m length, and a 0.15 m diameter. 
 

 
 

Fig 12: Show Air temperature distribution in a geothermal heat exchanger with a 1m/s speed, a 40 m length, and a 0.15 m diameter. 
 

 
 

Fig 13: Illustrates the compered between the experimental and theoretical outcomes of an aluminum ground heat exchanger measuring 3 

inches in diameter and 9 min length under varying air flow rates. 
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Nomenclature 
 

Mass flow rate Kg/s 
 

Overall fan efficiency 
 

Area m2 A 

Specific heat kJ/kg.K C 

Diameter m D 

Convective heat transfer coefficient  H 

Thermal conductivity  K 

Loss modulus of bending Kel 

Length of pipe used m L 

Air pumping power W pf 

Pressure drop in bending Pa pf 

Pressure drop through the pipe Pa pL 

Total pressure drop Pa pT 

The amount of heat transferred W Q 

Rate of heat transfer  Q 

Cooling load for the room W Qroom 

Inner pipe radius mm R1 

Pipe thickness mm R2 

Outer pipe diameter mm R3 

Thermal resistance between the air and the surface of the inner pipe  Rc 

Thermal resistance between the inner and outer surface of the pipe  Rp 

Thermal resistance between the soil and the surface of the outer pipe  Rs 

Total thermal resistance  Rt 

Present time Day T 

Temperature  T 

Temporal shift Day to 

Air speed  V 

Depth of the earth mm Z 

Air flow rate  
 

 

Greek symbols 

 Thermal diffusivity, /s 

 Kinematic viscosity, /s 

 Density, kg/  

 
Dimension less 

 

F Friction coefficient 

Nu Nusselt number 

Pr Prantel number 

Re Reynolds number 

 
Subscripts 

 

A Air 

I Entrance 

M The average 

Ma Average air temperature 

Ms Earths average surface temperature 

Out Outer 

P Pipe 

S Soil 

T Total 

 

Conclusions 

Discussion of theoretical outcomes yields the following 

conclusions: 

1. The earth's temperature fluctuates daily up to a depth of 

0.25 m, declines with depth, is constant (24 °C) at 3 m 

underground, and stays stable throughout the year. 
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2. The geothermal heat exchanger's cooling efficiency is 

inversely related to air velocity, peaking at 86% at 

1m/s. 

3. Air temperature from pipes is proportional to air 

velocity and diameter, while length inversely 

proportional to air temperature decrease rate (12-17 

°C). 

4. Use a soil humidification system around the pipe to 

cool the outgoing air, which lowers the temperature of 

the outgoing air. Use vegetation to shade the ground. 

Design a geothermal exchanger network for house 

adaptation.  
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