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Abstract: The consumption of high-grade energy has increased considerably with growing needs to 

achieve thermal comfort conditions inside buildings, residential, greenhouses, livestock buildings, 

etc. It is desirable to minimize the use of high-grade energy consumption and to promote the use of 

renewable energy in order to save the earth from hazardous effects of global warming and ozone 

layer depletion. Numerous alternative techniques are being currently explored to achieve thermal 

comfort conditions inside buildings. The earth–air heat exchanger (EAHE) is a promising technique 

which can effectively be used to reduce the heating/cooling load of a building by preheating the air 

in winter and vice versa in summer. In the last two decades, a lot of research has been done to 

develop analytical and numerical models for the analysis of EAHE systems. 
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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 ºC). 

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. 
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(2)  Surface water heat pump (SWHP) systems; 

(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. 

 

II.LITERATURE REVIEW 

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 Energy Plus parametric analysis of the ACB BIM model in Design Builder 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 EAHEs 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.  

 

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 
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round the year effectiveness of photovoltaic/thermal and earth air heat exchanger integrated with a greenhouse, located at IIT 

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 7-8oC 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. 

 

III. PROBLEM FORMULATION 

The main objective of my experimental work is to study the variation in heating effects caused by Earth Air 

Exchanger in winter climate condition. For this the temperature value considered for inlet is days in month of December from 

01 December to 30 December 2022 at hourly according the climate of Bhopal, M.P. has been taken to observed for the outlet 

blow with different velocities. Using the CFD analysis it is observed at low air velocity that rate of heat transfer and 

performance increases in winter. In winter climate conditions, ground temperature is higher than atmospheric temperature. 

Hence air flowing through the buried pipe exchange heat with underground earth surface in winter climate condition. In this, 

blower sucks atmospheric air into the pipe and circulates through the buried pipe, due to which air gets heated. The heated air 

is circulated into the delivery pipe for heating in winter. 

Analysis of ETHE with the help of Finite Element Analysis using ANSYS 2019 R3: 

 To use the underground energy of Earth.  

 To develop a system for cooling for long time at low cost. 

 To predetermine the project performance on ETHE. 

 To reduce project investment, time and cost. 

 To develop a new performance analysis from CFD simulation. 

 

IV.CONCLUSION 

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. For the 

pipe of 30 m length and 0.15 m diameter, temperature value considered for inlet and outlet and pipe material Aluminum with 

fin and without fin is comparable to other ones. 
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