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Abstract 
 
ABSTRACT: The article presents the performance analysis of earth to 
air heat exchanger, which is capable of providing higher temperature at 
the required cold domain consistently for the winter season and 
providing lower temperature at the required hot domain in summer. 
Simulation of EAHX is done with the help of ANSYS Fluent 14.0. The 
article describes the various temperatures and heat transfer rates for the 
flowing air through earth to air heat exchanger pipe, for time duration 
of 24 hours (a standard day). Study includes both steady and transient 
analysis of earth to air heat exchanger. Effects of the operating 
parameters (i.e. the pipe material, air velocity, soil conductivity) on the 
thermal performance of earth to air heat exchanger systems are studied. 
The 30m long EAHX system discussed in this paper gives heating in 
the range of 40C-90C for the flow velocities 2–5 m/s. Investigations on 
aluminium and PVC pipes have shown that performance of the EAHX 
system is not significantly affected by the material of the buried pipe. 
Velocity of air through the pipe is found to greatly affect the 
performance of EAHX system. Conductivity of soil is also found to 
greatly affect the performance of EAHX. In This paper the scope of 
hybridization of EAHX when coupled with HVAC and Solar Air 
Heater respectively for summer and winter air-conditioning 
applications to increase the cooling or heating capacity of EAHX is 
also discussed.  
 
Keywords: Earth to air heat exchanger; soil; temperature; PVC pipe; 
solar air heater. 
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1. Introduction 
The utilization of geothermal energy to reduce heating and heating needs in buildings 
has received increasing attention during the last several years. An Earth Air Tunnel 
Heat Exchanger (EATHE) consists of a long underground metal or plastic pipe through 
which air is drawn. As air travels through the pipe, it gives up or receives some of its 
heat to or from the surrounding soil and enters the room as conditioned air during the 
heating and heating period. In the past over 30years, researchers have actively 
considered using soils for thermal energy storage applications e.g., [1–8]. The nearly 
constant ground temperature at a certain depth has been regarded by several 
researchers as a passive means for heating and cooling of buildings. Depending mainly 
on the ambient air temperature, shallow soils could be the unique heat source or sink 
needed for heating or cooling purposes, for considerable periods of time throughout the 
year. Hence, soil temperature is an important parameter in solar and geothermal energy 
applications such as the passive heating and cooling of buildings and agricultural 
greenhouses [4]. In many engineering applications it is necessary to know the soil 
temperature at different levels in order to determine the system design parameters. 
Although soil temperature is considered to be constant at certain depths, it varies 
especially near surface levels. It is well known that in system such as EAHEs. The 
depth at which they are installed has vital importance on dimensions, performance and 
installation costs of the system. In many cases a detailed investigation of the soil 
properties and long term soil temperature measurements as a function of time at 
different depths of the research area are needed in order to deter- mine design 
parameters and feasibility of a system. However, researchers are in the need of more 
practical tools as obtaining a detailed site survey is not always possible. Despite its 
importance in scientific research and operations, relatively few data are available on 
soil temperature. Even when available, the data are often scattered and incomplete. 
These problems could be attributed to the substantial investment of money and time, 
and relatively large network of data acquisition system needed for detailed 
characterization of soil temperature at different depths and times. This study focused 
on utilizing easily accessible data such as annual daily average air temperatures to 
predict daily soil temperatures depending on depth and time. 

 
2. Earth to Air Heat Exchanger 
Schematic diagram of the earth to air heat exchanger is shown in Fig. 1(a). It consists 
of a 30 meter length pipe which is buried at some depth inside the earth. Since earth is 
a semi-infinite body and according to principle of heat transfer in a semi-infinite body. 
Theoretical equations are shown on next page.  
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Z-momentum equation: 
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In the above equations, u, v and w are the velocity components in x, y and z 

directions, p and T are the pressure and temperature of the flowing air. 
Transport equations for the Realizable k ε−   model 
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In these equations, kG represents the generation of turbulence kinetic energy due to 
the mean velocity gradients, bG is the generation of turbulence kinetic energy due to 
buoyancy, MY  represents the contribution of the fluctuating dilatation in compressible 
turbulence to the overall dissipation rate, 2C  and 1C ε are constants. kσ And εσ are the 
turbulent Prandlt numbers for k andε , respectively. kS  And Sε  are user-defined 
source terms. 

The eddy viscosity is computed from  

2

t
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The model constants are   1 21.44, 1.9, 1.2C Cε εσ= = =  
 

5. Boundary Conditions 
(a) Inlet boundary: At the inlet of EATHE uniform velocity is used and the direction is 
normal to the opening at inlet, velocity along the x-axis was taken as 3 m/s. Turbulence 
parameters at the inlet are defined using turbulence intensity (assuming 5%) and inlet 
characteristic length (hydraulic diameter) as 0.1 m. (b) Far boundary of the soil: outer 
surface of the soil cylinder (10 times the pipe diameter) surrounding the EATHE pipe 
was assumed to be at constant temperature of 300.2 K. 

(c) Inlet and exit faces: at inlet and exit faces of EATHE, heat flux was taken to be 
zero. (d) Soil pipe interface: at soil pipe interface coupled heat transfer condition was 
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Fig. 3 [b]: Variation of outlet air temperature of an EAHX corresponding to  
increase in soil-conductivity. 

 

 
 

Fig. 3[c]: Variation of outlet air temperature of an EAHX corresponding to  
increase velocity of inlet air. 

 
8. Scope of Hybridization of EAHX 
There is a wide scope of hybridization of EAHX when coupled with HVAC and Solar 
Air Heater respectively for summer and winter air-conditioning applications to 
increase the cooling or heating capacity of EAHX. “An Stand alone photovoltaic (PV) 
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integrated with earth to air heat exchanger (EAHE) for space heating cooling of adobe 
house in New Delhi (India)” [7], shows that a realistic source of cooling source for 
summer season or heating source for winter season can be developed when PV is 
integrated with EAHX. And “Performance Potential of Flat Plate Solar Air Heaters in 
Tehran”[8], shows the effect of increasing the inlet air temperature of a solar air heater 
results in a desirable effect on outlet air temperature. The fig.[] shows that if the hot air 
obtained from EAHx in winter season is be used at inlet of solar air heater then a 
realistic heating source can be  achieved however no work has been done on this 
innovative idea. 

 

 
 

Fig. [4]: Variation of outlet air temperature of a solar air heater  
corresponding to increase in air inlet temperature. 

 
9. Conclusions 
When an EAHx works continuously for a long time its performance deteriorates. 
Performance of EAHx is better when it is installed in the soil with better conductivity. 
As the length of the pipe is increased the outlet air temperature goes up, but after 30 
meter of length increase in outlet air temperature is not economical because the most of 
temperature gain has been done and after 30 meter of length heat transfer rate is very 
poor. The performance of EAHx deteriorates with increasing the air velocity at inlet of 
earth air pipe. To get realistic heating source hybridization should be preferred. 
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