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I.INTRODUCTION

Energy is very much essential for existence of our society. It is important and urgent to find alternative sources to
replace conventional fuel or to reduce its continuous consumption due to their limited reservoirs and bad impact on
environment. So, we have to find alternative source of energy. This energy should be available in abundance on earth and it
should be available at all parts of the earth. Nowadays use of air conditioning is increasing in commercial as well as in
residential buildings. Vapor compression machines are used to achieve it. Vapor compression machines are the source of
chlorofluorocarbon (CFCs) gases which are harmful for ozone layer depletion and also contributing to global warming. The air
conditioning is used in large scales across the world which is consuming large portion of electrical energy. Electricity
consumption reaches to peak value in summer, requiring new power plants for electrical energy production as well as
increasing the cost of peak electricity. In addition, entire world is also concerned about climate change and trying to find
alternative clean and green sources of energy. As a matter of fact, among the various energy sources, electricity is
characterized by the highest GHG emission factor. Many alternative techniques are used to reduce high grade energy
consumptions. One such method is earth air heat exchanger.

Earth air heat exchanger exchanges heat with underground soil. It uses earth’s constant underground soil temperature
and it is used to heat or cool air or other fluids for commercial or residential purposes. It comprises of long tubes that are
buried into the ground, through which air is passed. Because of high thermal inertia of the ground, the temperatures of
underground soil remain almost unchanged as compared to ground surface. Time lag also occurs between the temperature
fluctuations in the underground soil and at the surface. So at certain depth from upper ground surface, underground soil
temperature is lower than outside air temperature in summer and higher in winter. The fresh air can be cooled by passing
through the earth air heat exchanger and can be supplied to air conditioning unit to reduce energy consumption. The
effectiveness of earth air heat exchanger depends upon material of tube, air inlet temperature, soil temperature, depth,
arrangement of pipe etc.

An earth-to-air heat exchanger draws air through covered pipes. As temperature of the ground below 3 m is
practically constant, it considerably reduces ambient air temperature variation.

It therefore provides space conditioning during the year, with the incoming air being heated in the winter and cooled
in the summer by means of earth coupling.

Earth tubes are low technology, sustainable flaccid cooling-heating systems utilized mostly to preheat air intake. Due
to ground properties the air temperature at the pipe outlet maintains moderate values all around the year. Temperature
fluctuates with time lags (from some days to a couple of months) mainly relative to the depth considered. Temperature remains
in the comfort level range (15-27 °C).

In recent years, ground heat source heat pump systems have become increasingly popular for use in residential and
commercial buildings. These systems include several different variations, all of which reject heat and/or extract heat from
ground:

(1) ground-coupled heat pump (GCHP) systems;
(2) Surface water heat pump (SWHP) systems;
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(3) ground-water heat pump (GWHP) systems:
a. Standing column well (SCW) systems;
b. Open loop groundwater systems.

This technology is not recommended for cooling of humid climates due to moisture reaching dew pint and often
remaining in the tubes. However, in southern European coastal regions as in Greece where the climate remains dry and hot. In
such locations these systems could have exciting results.

The material of a pipe can be anything from plastic, metal or concrete. However concrete should be avoided in order
not to be dependent on carbon filtration UV sterilization for the stuffy air coming out of concrete earth tubes.
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Figure — 1 Closed Loop System

ILLITERATURE REVIEW

I Made Astina et.al2021 Research on an air-conditioning (AC) system that uses soil as a heat storage is still not widely
conducted in Indonesia. The soil functions as a hot or cold storage medium by flowing fresh air through a heat exchanger due
to its constant temperature tendency throughout a year. Earth-air exchanger (EAHE) application was simulated and got the
results that soil with a volume of 12 m3 is potentially used as a heat exchange medium with a heat transfer surface area of 24.4
m2. The EAHE cooling capacity obtained is 1,002—1,282 watts depending on soil condition. Increasing the pipe diameter and
airflow velocity decreases the average temperature difference by 42.9% per inch and 47.2% per m/s, respectively. Meanwhile,
increasing the pipe thickness and soil depth increases the average temperature difference by 1.59% per millimeter and 6.06%
per meter, respectively. The pipe interface distance recommended is greater than or equal to 200 mm. The EAHE can meet the
Indonesian National Standard thermal comfort standard and ASHRAE breathing zone outdoor airflow for ventilation standard
but can only meet 23.5%-30.0% of simple house-cooling loads. It consumes 75.8% lower energy and has an 139%-230%
higher coefficient of performance than a split AC system.

MushkBughioet. al 2022 investigated the potential reduction in indoor temperatures via energy-efficient ventilation through
EAHEs in an existing architectural campus building (ACB) with an energy-efficient renovated building envelope in the hot and
humid climate of Karachi, Pakistan. The building information modeling (BIM) program Autodesk Revit was used to develop a
virtual ACB BIM model. An EnergyPlus parametric analysis of the ACB BIM model in DesignBuilder facilitated
quantification of the influences of operating parameters such as pipe installation depth and pipe diameter for EAHEs with
similar total pipe lengths and air-exchange rates on the performance of the EAHESs during the cooling season. A 3 m deep and
0.1 m diameter pipe layout in open space significantly reduces indoor temperature via a specific duct layout in an exemplary
ACB. The results show that a pipe diameter above 0.1 m is unsuitable because of the reduction in convective heat transfer due
to the increase in the pipe’s surface area and the decrease in pressure in the pipe. The findings of this study can be used to
improve the indoor thermal comfort of buildings in climates with comparable properties.

FabrizioAscione et.al.2017, have worked on Earth-to-air heat exchangers for Italian climates by using an ETHE for an air
conditioned have been evaluated for both summer and winter. It is observed in three Italian climates taken (cities of Milan,
Rome, Naples). The energy required for the system is evaluated as a function of the boundary conditions (such as tube
material, the typology of soil, velocity of the air crossing the tube, tube length and depth, control modes, ventilation airflow
rates).In an experiment, earth soil should be homogeneous with constant temperature, the pipe has uniform diameter, surface
temperature of the pipe is uniform and convective flow inside the pipe. During this experiment they concluded that it is save
44% of energy, about the length of pipe, depth of earth and velocity of air is calculated, the influence of the tube material such
as PVC, metal, concrete.

Girja Saran et.al.2017, have worked on Performance of single pass earth tube heat exchanger by using geothermal energy of
the earth for cooling and heating. Specific aim of those investigations is to determine the operating characteristics of ETHE in
heating and cooling mode and collect data of years. ETHE is made by parameter of 50 m long MS pipe,10 cm nominal
diameter and 3 mm wall thickness. Buried 3 m deep underground surface. By the use of 400 W blower ambient air is pumped.
Outlet air velocity in the pipe is 11 m/s. Air temperature measured in the inlet, middle (25 m), and at the outlet (50 m). They
observed ETHE was able to reduce and increase the temperature of hot/cold ambient air.
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VikasBansal et.al.2017, have worked on Performance evaluation and economic analysis of integrated earth air tunnel heat
exchanger evaporative cooling system by applying implicit model based on CFD. For use of ETHE system integrated with
evaporative cooling to be determine for evaluating the energy saving obtained. Four base cases of existing systems, i.e. electric
heater and air-conditioner. Moreover, three different types of blower (i.e. standard blower, energy efficient blower and
inefficient blower) are considered for evaluating the financial viability and energy saving of the proposed system.

Nayak and Tiwari et.al 2017, researched out theoretical performance of an integrated photovoltaic and earth air heat
exchanger greenhouse using energy and exergy analysis methods. A simplified mathematical model was developed to study
round the year effectiveness of photovoltaic/thermal and earth air heat exchanger integrated with a greenhouse, located at 11T
Delhi, India. The solar energy application through photovoltaic system and earth air heat exchanger for heating and cooling a
green house is studied with the help of this simplified mathematical model. They compared greenhouse air temperatures when
it is operated with photovoltaic/thermal and earth air heat exchanger integrated, for 24 hour. The results reveal that air
temperature inside the green house can be increased by round 7-8°C during winter, when the system is photovoltaic/thermal
and earth air heat exchanger integrated operated.

Mihalakakouet al.2016, investigated the heating potential of a single ground to air heat exchanger and also multiple parallel
tube system. An accurate numerical model was used to investigate the dynamic thermal performance of the system during the
winter period in Dublin. the model has been successfully validate against an extensive set of experimental data. The results
showed that the heating potential of the system during winter is significantly important. To obtained results showed that that
the effectiveness of the ground to air earth air heat exchanger increases with an increase in pipe length (checked rang 30-70 m).
Also, there is increase in effectiveness when the pipe is buried in greater depths (3 m instead of 1.2 m). By increasing the pipe
diameter from 100 to 150 mm, the heating capacity of the system was reduced. This is due to a reduction in convective heat
transfer coefficient and an increase in the pipe surface, therefore, providing a lower temperature at the pipe outlet. Finally a
higher velocity in the pipe (range 5-15 m/s) leads to a reduction of the system hearting capacity, mainly because of the
increased mass flow rate inside the pipe.

Santamouriset al.2015, suggested a new integrated method, which can be used during the pre-design and design phase for the
dimension of buried pipes to increase the cooling potential of the earth air tunnel heat exchangers. It was revealed that an
increase of the burried's pipe length and soil height above the pipes resulted in an increase of the system potential cooling
capacity.

VikasKuamr et al.2015, researched a cross flow air tube heat exchanger and observed the relation between heat transfer and
Dean's number keeping the flow rate in the outer region constant. A rise in heat transfer from 800 to 900 W/m? was observed
with a rise inner De 3500 to 6000. For the outer De, a rise of 500 to 1000 results in an increase from 600 to 950 W/m?2. It was
assumed that heat lost through convection from the top surface of exchanger only whereas all radiation losses were negligible
in the study.

Ghosal et al.2014, investigated the potential of using the stored Thermal energy of ground for space heating with the help of
two buried pipe systems, one is ground air collector and other is earth air heat exchanger, integrated with the green house
located at IIT Delhi, India. The total length of pipe is kept same in both arrangements for comparatively study. With ground air
collector temperature were observed to be 2-3°C higher than those with earth air heat exchanger.

I1l. CFD
Computer primarily based simulation is mentioned during this chapter. Procedure simulation is technique for
examining fluid flow, heat transfer and connected phenomena like chemical reactions. This project uses CFD for analysis of
flow and warmth transfer. CFD analysis accepted go in the various industries is employed in R&D and producing of craft,
combustion engines and in powerhouse combustion similarly as in several industrial applications.

Why computational simulation

Three-dimensional (3D) numerical analysis of whorled coil tubes is dispensed by victimization business CFD tool
ANSYS 18.2. this can become troublesome and time overwhelming, if this analysis is dispensed by experimentation.
Experimental setup is extremely expensive that's why in my work | take facilitate of CFD to create it easier and fewer time
overwhelming.

Computational fluid dynamics

Computational fluid dynamics, because the name implies, could be a subject that deals with procedure approach to
fluid dynamics by means that of a numerical resolution of the equations that cause the fluid flow and though it's known as
procedure fluid dynamics; it doesn't simply wear down the equations of the fluid flow, it's conjointly generic enough to be
ready to solve at the same time along the equations that direct the energy transfer and similarly the equations that verify the
chemical process rates and the way the chemical process takings and mass transfer takes place; of these things may be tackled
along in a regular format. So, this define permits America to wear down a really complicated flow circumstances in fairly
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quick time, specified for a specific set of conditions, associate degree engineer would be ready to simulate and see however the
flow is happening and what quite temperature distribution there's and what quite product area unit created and wherever they're
fashioned, in order that {we can|wewilllwe area unit able to} build changes to the parameters that area unit below his
management to switch the approach that these items are happening. So, therein sense procedure fluid dynamics or CFD
becomes a good tool for a designer for associate degree engineer. it's conjointly a good tool for associate degree associate
degreealysis for associate degree examination of a reactor or an instrumentality that isn't functioning well as a result of in
typical industrial applications, several things is also happening associate degreed what a designer has had in mind at the time of
fabricating or coming up with the instrumentality won't be really what an operator of the instrumentality introduces into the
instrumentality at the time of operation, perhaps once 5 years or 10 years changes might need taken place in between; and in
such a case, the presentation of the instrumentality won't be up to the quality and you'd wish to modify it in such some way that
you just will restore performance. So, the question is then, what this can managed to the autumn within the performance
associate degreed what quite measures we are able to build while not creating an overall adjustment within the finish of
apparatus. Is it potential to urge improved performance from the equipment? Is it potential to extend the productivity? If you
wish to appear on of these analysis, then procedure fluid dynamics is employed.

IV.METHODOLOGY

Geometry Modeling
Rectangular base type tube

The geometry modelling of earth air heat exchanger system rectangular base type tube for aluminium and PVC
remains same. EAHE system is made by parameter of 30 m long aluminium and PVC pipe, 0.15 m tube diameter and 3 mm
pipe thickness. Buried 3 m deep underground surface.

Firstly, ANSYS workbench 19 R3 software was installed on the system. CFD fluent package is required to operate.
Select design modular and run then select the dimension in which the model is to be creating and the type of model i.e. either
2D or 3D.

Name Selection
A different part of the earth air heat exchanger system and fluid flowing inside the heat exchanger is selected and the
names are given to them so that boundary conditions can be applied on different boundary.

ntet
13/13/2022 10:41 PM
(=0T

Figure- 2 3D Model of Earth Air Heat Exchanger
Meshing
Meshing is defined as the process of dividing the whole component into number of elements so that whenever the
boundary conditions are applied on the component it distributes the inputs uniformly called as meshing.

Meshing of EAHE rectangular base type tube
Meshing detail -ICEM CFD meshing

Method: Automatic

Meshing type: Tetrahedral and Quardcore.
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Figure- 3 Meshing of earth air heat exchanger rectangular base type tube for PVC and aluminum.

No of node 14950

No.of element 64221

Table 1 Meshing Statistics
Material Selection
Physical Properties for the working fluid i.e. Air considered for this study are as below:
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Thermal conductivity(W/m-K)

Density(Kg/m®)

Specific Heat(J/Kg-K) Dynamic viscosity(Kg/m-s)

0.0253

1.2185

1006 1.804 e-5

Table 2 Properties of Air.

Thermal conductivity(W/m-K)

Density(Kg/m®)

Specific Heat(J/Kg-K) | Dynamic viscosity(Kg/m-s)

202.4

2719

<74 A (u——

Table 3 Properties of pipe material i.e. Aluminium

Thermal conductivity(W/m-K)

Density(Kg/m®)

Specific Heat(J/Kg-K) | Dynamic viscosity(Kg/m-s)

0.16

1380

10/ N [p—

Table 4 Properties of pipe material i.e. PVC

Thermal conductivity(W/m-K) | Density(Kg/m?) Specific Heat(J/Kg-K) | Dynamic viscosity(Kg/m-s)
0.54 2058 1843 | e
Table 5 Properties of Soil
Name Velocity(m/s) Temperature(K)
Fluid inlet i.e. Air 3 289

Heat transfer through earth air heat exchanger depends on the velocity and temperature of fluid flowing inside the
heat exchanger. In current velocity of 3m/s have been considered. To analyse the cumulative effect of material and fins on the

Table 6: Boundary condition of different parameters

V.RESULTS & DISCUSSION

heat exchanger rate, the CFD model of heat exchanger has been developed.

Simple Rectangular aluminum

Contours of earth air heat exchanger system for

0150

pipe material Simple Rectangular aluminum base type tube

201983
ACADEMIC

1000 2000 (m)
— .
1500

Fig. 4Simple Rectangular aluminum base type heat flux

201983
ACADEM]

0300 0600 (m)
— ¢!
0450

Fig. 5 Simple Rectangular aluminum base type outlet pressure
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0.150 0450

Fig. 6Simple Rectangular aluminum base type outlet temperature

— [
Fig. 7Simple Rectangular aluminum base type outlet pressure

e —— T
Fig. 8Simple Rectangular aluminum base type total temp.

- 1.500 - 3,000 (m) cc
Fig. 9Simple Rectangular aluminum base type Turbulence KE

o 1.000 2000 (m) .
0.500 500 .

Fig. 10Simple Rectangular aluminum base type Velocity

Simple Rectangular PVC

— e w
Fig. 11Simple Rectangular PVC base type Outlet pressure
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Fig. 17Simple Rectangular PVC base type Wall heat flux
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Modified Rectangular with fins Result Aluminium

ANSYS
i LA
ACADEMIC

o 1500 3.000 (m) VA

—
0750 2250

Fig. 18Modified Rectangular with fins Aluminium base type Wall heat flux

Fig. 19Modified Rectangular with fins Aluminium base type Outlet pressure

[ 0,050 0.100 (m)
0.025 0.078

Fig.20Modified Rectangular with fins Aluminium base type Outlet Temp

5 — 2500 m -
Yoo

7250

Fig. 21Modified Rectangular with fins Aluminiumbase type Total pressure

° 1300 2000 m —

—_ -

Fig.23Modified Rectangular with fins Aluminiumbase type Turbulance KE
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Fig. 24 Modified Rectangular with fins Aluminium base type Velocity at outlet

Modified Rectangular with fins Result PVC material

.
5 s 2000 0w L:
— 2om .

2260

Fig. 27 Modified Rectangular with fins PVC base type Total temp.

< i Ty L.:
A

Fig. 28Modified Rectangular with fins PVC base type Heat flux
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Fig. 29Modified Rectangular with fins PVC base type Total pressure
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Fig. 30Modified Rectangular W|th finsu;VC base type Turbulance KE
Our Result (for pipe length 30m)

. . Aluminium PVC Aluminium PVC
Pipe Material (without fin) | (without fin) | (with fin) (with fin)
Inlet Temp 293 293 293 293
Velocity 3 3 3 3
Soil Temp 298.4 298.4 298.4 298.4
Mid Temp 296.23 295.37 297.02 295.93
?:rﬂgterawre 298.32 297.84 298.4 298.02

Table 7: Comparison of work with previous model

VI.CONCLUSIONS
After going CFD analysis through the comparison charts shown in the above, we can see that the results are quite
encouraging. From the CFD analysis by using properties and boundary conditions the following conclusions are made:
e For the pipe of 30 m length and 0.15 m diameter, temperature value considered for inlet is 293 K pipe material Aluminium
with fin is effective as comparable to other ones.
e The outlet temperature of Aluminium pipe with fin is 298.4K.
e Performance is effective with fin.
e Outlet maximum temperature is 298.4K for Aluminium with fin and the minimum temperature is 297.84 K for PVC
without fin.
e Thermal point of view Aluminium pipe material is more effective than compared to PVC.
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