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Abstract— One of the real objectives of current innovation is 

to change vitality framework to diminish unfriendly 

ramifications on biological system. Earth air cooling is a 

decent choice for sparing vitality by diminishing the electrical 

utilization, water use and for lessening outflows; contrasted 

with customary cooling strategies. Earth air heat exchanger 

(EAHE) utilizes temperature slope among earth and air to 

cool the air and to supply this precooled air to the structure. 

Perceptions demonstrate that the ground temperature beneath 

a specific profundity remains generally steady consistently. 

This is because of the way that the temperature vacillations at 

the outside of the ground are lessened as the profundity of the 

ground expands as a result of the high heat latency of the soil. 

Likewise, there is a period slack between the temperature 

changes at the surface and in the ground. Thus, at an adequate 

profundity, the ground temperature is constantly higher than 

that of the outside air in winter and is lower in summer. This 

temperature slope between the ground and surrounding air 

can be utilized for fluctuating the states of air before it goes 

into the room. Pipes are covered somewhere down in the 

ground and when the air went through these pipes, air is 

warmed/cooled by the temperature difference between the air 

and ground. This framework is called Earth Air Heat 

Exchanger (EAHE) framework. In this paper, a model of the 

framework was created in ANSYS ICEM programming to 

foresee the cooling limit of earth air heat exchanger. The 

model was broke down utilizing ANSYS FLUENT 

reenactment program. The reenactment results gotten by 

utilizing computational fluid dynamics (CFD) device is 

approved utilizing experimentation done on a test setup. 

Great understanding between the exploratory perceptions and 

mimicked results are obtained. The model talked about in this 

paper is made of 0.7 m long PVC pipe with 0.075 m distance 

across. Experimentation done on the model demonstrates a 

temperature drop of 1.90C – 3.20C at a stream speed of 

2.5m/s through the cylinder when the temperature distinction 

among soil and encompassing air was 10.9 - 20.20C 

separately. The impact of working parameters on the EAHE 

framework by differing the pipe breadth, speed of wind 

current and pipe length is likewise examined in this paper. 

Keywords: Earth Air Heat Exchanger (EAHE), 

Computational Fluid Dynamics (CFD), Execution Analysis 

I. INTRODUCTION 

The present world energy situation demonstrates that the 

traditional energy resources are draining and per capita 

energy utilization is sign of expectation for everyday 

comforts of a country, in this way it turns out to be critical to 

discover and investigate non-conventional vitality sources to 

meet the energy prerequisite of the general public. Given the 

significance of energy resource for the presence of our 

general public as we probably aware, it is goal and critical to 

discover elective sources to supplant ordinary fuel or possibly 

alleviate its broad utilization and ensuing effect on the earth. 

The non-conventional energy sources are better choice of 

perfect and reasonable energy. This sort of energy is, at 

guideline, boundless and can be found and utilized similarly 

well on the planet.  

These days, cooling is usually utilized in structures, 

private spots, workplaces just as in ventures to accomplish 

solace conditions. The regular air conditioning systems 

taking a shot at vapor pressure refrigeration cycle are 

powerful and most generally utilized intends to accomplish 

solace conditions. The chlorofluorocarbons (CFCs) which are 

utilized as refrigerants in these machines result in exhaustion 

of the ozone layer and a worldwide temperature alteration. So 

as to spare our planet from risky impacts of UV beams by 

limiting consumption of the ozone layer, the world academic 

network has created eco-accommodating refrigerants. To 

limit exhaustion of the ozone layer and an unnatural weather 

change and to decrease high review vitality utilization, 

various elective systems are by and large right now 

investigated. One of the promising strategies is earth-air heat 

exchangers (EAHE).  

The term elective vitality source does not infer just 

in a proficient choice, yet is synonymous of clean vitality. 

This sort of vitality is, at rule, unlimited and can be found and 

abused similarly well on the planet. The sun is in charge of 

the birthplace of practically all other vitality sources on earth. 

The greater part of this vitality that achieves the upper air, 

either straightforwardly or by dissemination, achieves the 

world's surface. With a gigantic mass and protection 

properties on the warmth stream, the covering goes about as 

a colossal repository for this inertial vitality, with exchanging 

cycles of putting away and providing warmth to nature. 

Considering the yearly cycle the world's surface additions 

heat in the hot and lost in cool periods, similarly, thinking 

about the day by day cycle, the world's surface increases heat 

amid the day and lose during the night. The impact of 

intermittent sun based radiation is increasingly noteworthy in 

the surface layers of soil. Perceptions demonstrate that the 

ground temperature underneath a specific profundity remains 

generally consistent all the year. This is because of the way 

that the temperature variances at the outside of the ground are 

lessened as the profundity of the ground expands due to the 

high warm idleness of the soil. Likewise, there is a period 

slack between the temperature vacillations at the surface and 

in the ground. In this way, at an adequate profundity, the 

ground temperature is constantly higher than that of the 

outside air in winter and is lower in summer. Therefore, in 

chilly periods the subsoil isn't as cold and, for the warm 

periods, the subsoil isn't as hot, highlighting an exhibition 

milder and increasingly stable contrasted with the variety that 

happens in the outer condition. This temperature contrast can 

be utilized for precooling of air in summer or preheating of 

air in winter by the assistance of a heat exchanger. The 

temperature variety of the ground at different profundities in 

summer (August) and winter (January) is appeared in Figure 

1. The chart indicates real ground temperatures as estimated 

in a borehole. As can be seen, the temperature is about steady 

beneath a profundity of 5m for the all year. 
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Fig. 1: Temperature variation with depth of ground. 

Composite climatic zone experience high 

temperatures amid summer months (March-June) which 

expands the cooling heap of the structures. Customary 

cooling frameworks, for example, forced air system and 

desert coolers are primarily utilized amid summer in 

composite climatic zones like Delhi, India. These frameworks 

requires around 70-80% of absolute power utilization of an 

average structure. Accordingly, it is essential to change the 

attention on to inexhaustible wellsprings of vitality for 

cooling purposes. Earth air heat exchanger (EAHE) utilizes 

the temperature distinction among earth and air to deliver 

cool air.  

Dynamic frameworks like forced air systems, 

evaporative coolers, and so on are progressively effective 

regarding encouraging cooling however they to a great extent 

utilize traditional power and water. Earth cooling uses 

customary, slight divider plastic/metallic pipes to cool natural 

air consumption. Cleared natural air enters a progression of 

non-permeable pipes covered in ground, dispersing energy to 

the encompassing soil, in this way diminishing the 

temperature of streaming air. This cool and outside air is then 

flowed in the ideal structure through conduits. Energy used in 

this framework is just for hub fan/blower providing air from 

earth tubes through the conduit to the envelope. The principle 

bit of leeway of utilizing earth cooling is that it doesn't utilize 

energizes or synthetics to direct the temperature. Earth 

frameworks evacuate the necessity and reliance on 

mechanical frameworks, for example, blowers, cooling 

towers, warming frameworks, heaters and boilers and so on. 

This decreases the long haul systems for upkeeps required 

and along these lines lessening the costs required.  

The earth is an unending heat sink/source and can viably 

alleviate temperature limits. This can be cultivated through 

three strategies: direct, indirect and isolated. In direct 

framework, the structure envelope is in contact with earth, 

and conduction through the structure components 

(fundamentally dividers and floors) controls the inside 

temperature. This is likewise called earth protecting. Earth 

protecting improves the presentation of structure envelope 

gatherings by diminishing the size of conductive and 

convective warmth misfortune and gains by decreasing 

invasion. In indirect framework, the structure inside is 

adapted via air brought through the earth, for example, in 

EAHE. This work is concentrating on indirect frameworks. 

Indirect frameworks, for example earth air heat exchanger 

(EAHE), once in a while called ground cylinders or ground 

coupled air heat exchangers are an intriguing and promising 

innovation. Figure 2 speaks to the working of EAHE. 

Cylinders/pipes are set in the ground, through which air is 

drawn. As a result of high heat idleness of the soil, the air 

temperature variances at the ground presented to the outside 

atmosphere are damped further in the ground. Further a 

period slack happens between the temperature variances in 

the ground and at the surfaces. This temperature difference 

between the ground and surrounding air can be utilized for 

fluctuating the states of air before it goes into the room. At 

the point when new ventilated air is drawn through the pipes 

the air is accordingly cooled, warmed amid summer and 

winter separately. In blend with other passive frameworks 

and good heat design of the structure, the earth air heat 

exchanger can be utilized to precool air in place of utilization 

of air conditioners in structures in summer, which results in a 

noteworthy decrease in power utilization of the structure. 

 
Fig. 2: Schematic representation of EAHE working. 

There are three setups, a closed loop structure, an 

open 'natural air' framework or a combination:  

 Closed loop framework: Air from inside the home or 

structure is blown through a U-formed loop of normally 

30 to 150 m of tube(s) where it is directed to close earth 

temperature before coming back to be appropriated by 

means of ventilation work all through the home or 

structure. Figure 2 speaks to a closed loop framework. 

The closed loop framework can be increasingly 

successful (amid air temperature boundaries) than an 

open framework, since it cools and recools a similar air.  

 Open framework: Outside air is drawn from cleaned air 

consumption (Minimum Efficiency Reporting Value 

MERV 8+ air channel is prescribed). The cooling 

cylinders/pipes are commonly 30 m long straight pipes 

into the home. Figure 3 speaks to an open EAHE 

framework. An open framework joined with vitality 

recuperation ventilation can be almost as proficient (80-

95%) as a closed loop and guarantees that entering 

outside air is cleaned and tempered. 

 
Fig. 3: Layout of open EAHE system. 
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 Combination framework: This can be developed with 

dampers that permit either closed or open task, 

contingent upon outside air ventilation prerequisites. 

Such a structure, even in closed loop mode, could draw 

an amount of outside air when a pneumatic force drop is 

made by a sun powered stack, garments dryer, chimney, 

kitchen or restroom fumes vents. It is smarter to attract 

cleaned detached cooling cylinder air than unconditioned 

outside air.  

In this paper, a CFD model of EAHE framework is 

readied. CFD reenacted results were contrasted and the test 

results done on a model arranged. The model for 

experimentation is made of a PVC pipe of length 0.7 m and 

0.075m distance across. Great understanding among trial and 

reproduced results are obtained. Impact of working 

parameters like length of covered pipe, breadth of pipe and 

speed of wind current through pipe is likewise contemplated. 

A. Objectives of the Present Work 

 Fabrication of the EAHE model. 

 Experimentation of the model 

 Computational model of the fabricated system is 

prepared. 

 Simulation of the model prepared. 

 Comparison of the experimental and simulated results. 

 Effect of parameters on the performance of the EAHE 

system is analysed computationally. 

II. EXPERIMENTAL SETUP 

For doing the experimentation of EAHE framework, a little 

model of the framework is readied. The model is made of 0.7 

m PVC pipe with 7.5 cm breadth. The PVC pipe is then 

embedded in a plate of 71×51×15 cm measurements. The 

plate is then loaded up with soil, along these lines it speaks to 

a little model of EAHE framework. For pushing air through 

the covered pipe a DC fan is utilized. DC fan is associated 

with the AC mains by utilizing a connector. 

Figure 4 represents the collected perspective on the 

pipe utilized for the test setup. Absolutely, 4 900 bends, 2 

collars and 6 seals were utilized for completing the 

framework 

 
Fig. 4: Assembled view of the pipe 

This completed assembly of the pipe, is embedded 

into a rack of measurements 71×51×15 cm. At that point, the 

rack is loaded up with soil and fan is set at the inlet channel 

of pipe. Figure 5 represents the various parts of the EAHE 

system. 

 
Fig. 5: EAHE system with pipe inserted in the rack 

It represents the pipe channel and outlet appearances 

of the framework. After filling the soil in the rack, the fan is 

put on and the EAHE framework begins working. In genuine 

situation when the channels are covered somewhere down in 

the ground, the earth goes about as a heat sink and the 

temperature of the earth is dependably a consistent. 

Henceforth, temperature of the soil filled in the rack is kept 

up at a consistent temperature by adding some water into the 

rack. Figure 6 shows the framework in the wake of filling soil. 

 
Fig. 6: EAHE system after filling soil in the rack 

A. Procedure for Experimentation 

1) Take care that all joints are tight and there is no spillage. 

Switch on the power supply of fan.  

2) Measure the speed of air by utilizing anemometer. 

Record the surrounding temperature too.  

3) Measure the temperature of soil at various focuses 

utilizing thermometer.  

4) Measure the temperature of air turning out at the opposite 

side and record it when temperature of air turns out to be 

enduring. 

III. CFD MODELLING AND SIMULATION 

When the experimental model is prepared, then the 

subsequent stage is the arrangement of the CFD model and 

the simulation of the equivalent. 
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A. Modelling of the System in ANSYS ICEM 

Demonstration of the framework is done by utilizing ANSYS 

ICEM software. Model drawn utilizing ICEM is identical to 

the test model. Step-wise procedure for demonstration is 

mentioned below:  

1) Step 1 – Draw a semicircle with distance across 0.075 m 

utilizing circle tool accessible.  

2) Step 2 – Draw the profile of the sketch through which the 

semicircle must be swept. Figure 7 shows the initial 2 

steps done in ICEM. The base even line is 0.4m and 

vertical lines are 0.1m long. The bends are chamfered 

utilizing arc tool. 

 
Fig. 7: Two views of geometry of the model 

3) Step 3 – Semicircle drawn is then swept by utilizing the 

sweep tool accessible, hence the external surface of the 

tube is made. Base surface is chosen and named as 

symmetry surface. Toward one side inlet surface is made 

and outlet surface at the opposite end. Figure 8 shows the 

isometric perspective on the model after sweeping. At 

that point within the tube, material body is made and is 

given as air.  

 
Fig. 8: Isometric view of the model 

4) Step 4 – Then the readied model is blocked. The model 

is blocked utilizing O-lattice blocking. 

5) Step 5 - After blocking the model, it is then changed over 

to unstructured mesh utilizing the choice accessible. In 

this manner the framework itself makes a meshed 

geometry of the model. At that point by doing smoothing 

and quality checking, the final meshed model prepared 

for simulation is obtained. The total numbers of elements 

in the mesh are 32651. Figure 9 shows the model after 

meshing. 

 
Fig. 9: Model after meshing 

B. Simulation of the CFD Model 

CFD simulation is done by using ANSYS FLUENT software. 

Stepwise methodology is as follows: 

1) Step 1 – Meshed model is opened in FLUENT. The 

solver is selected as pressure based and steady state is 

selected. 

2) Step 2 – Energy equation is turned on in the models 

option available and in viscous models standard k-ε 

model is chosen and enhanced wall treatment function is 

selected. 

3) Step 3 – Next is to define material and its properties. The 

fluid inside the pipe is selected as air. The properties of 

air are already saved in the FLUENT database: 

Density, ρ = 1.225 kg/m3 

Specific heat, CP = 1006.43 J/kg-K 

Thermal conductivity, k = 0.0242 W/m-K 

Viscosity, µ = 1.7894×10-5 kg/m-s 

The pipe material is given as PVC and its properties are: 

Density, ρ = 1400 kg/m3 

Specific heat, CP = 900 J/kg-K 

Thermal conductivity, k = 0.14 W/m-K 

4) Step 4 – Cell zone condition is selected as air. 

5) Step 5 – Next step is to define the boundary conditions. 

Figure 10 shows the various boundary conditions used. 

1) Inlet face 

Boundary type – velocity inlet 

Turbulence method – Intensity and hydraulic diameter 

2) Outlet face 

Boundary type – pressure outlet 

Turbulence method – Intensity and hydraulic diameter 

3) Midplane face 

Boundary type - symmetry 

4) Pipe surface  

Boundary type – wall 

Constant temperature boundary condition is used  

Shell conduction is switched on 

Thickness of pipe - 0.002 m  

Material – PVC 
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Fig. 10: Various boundary conditions used 

6) Step 6 – Selection of solution methods. SIMPLE method 

is selected and momentum gradient discretization is 

changed to first order upwind. 

7) Step 7 – Solution is then initialized from all zones. 

8) Step 8 – Run the calculation till solution converges. 

9) Step 9 – Analyse the contours and mass weighted 

average of temperature. 

IV. RESULTS AND DISCUSSION 

A. Experimental Result 1 

Experimentation is done on the fabricated model. The 

temperature of the soil is measured as 297 K (240C). Ambient 

temperature is recorded as 307.9 K (34.90C). Table 1 shows 

the other readings of experimentation 

Temp. 

Of 

outside 

Air 

Tamb 

(K) 

Temp. 

Of 

soil 

Ts 

(K) 

Velocity 

Of 

Air 

Inside 

Pipe 

Va 

(m/s) 

Dia. 

Of 

Pipe 

Dp 

(m) 

Length 

Of 

Pipe 

Lp 

(m) 

Temp. 

Of air 

Coming 

Out 

Tout-exp 

(K) 

307.9 297 2.5 0.075 0.7 306 

Table 1: Experimental result 1 

Temperature of air at outlet is found to be 306 K 

(330C). A total of 1.9 K temperature drop is obtained by the 

system, when there is a temperature difference of 10.9 K is 

recorded between ambient air and soil. 

B. Simulated Result 1 

At inlet face, the velocity value is given as 2.5 m/s and 

temperature as 307.9 K. At pipe surface, the constant 

temperature is given as 297 K. Table 2 shows the simulated 

result values. 

Temp. 

Of 

outside 

Air 

Tamb 

(K) 

Temp. 

Of 

soil 

Ts 

(K) 

Velocity 

Of 

Air 

Inside 

Pipe 

Va 

(m/s) 

Dia. 

Of 

Pipe 

Dp 

(m) 

Length 

Of 

Pipe 

Lp 

(m) 

Temp. 

Of air 

Coming 

Out 

Tout-sim 

(K) 

307.9 297 2.5 0.075 0.7 305.8 

Table 2: Simulated result 1 

Temperature at outlet is obtained as 305.8 K 

(32.80C). Hence, a temperature drop of 2.1 K is obtained by 

simulation under same conditions of experimental. Figure -

11, shows the contours of temperature at midplane. The error 

between the experimental and simulated results was around 

11%, which is in the acceptable range. Therefore, a good 

agreement between the simulated and experimental data is 

obtained. 

 
Fig. 11: Contours of static temperature at midplane of pipe 

when Tamb =307.9 K 

C. Effect of Operating Variables in the Performance of 

EAHE System 

1) Changing the Length of Pipe: 

The length of EAHE system is increased from 0.7 m to 1.4 m. 

No other parameter values have changed i.e. diameter = 0.075 

m and velocity = 2.5 m/s 

 
Fig. 12: Temperature contours when length = 1.4 m and Tamb 

= 307.9 K. 

The results show that the outlet temperature is 

coming around 304.6 K. Figure 12 represents the contour plot 

of the midplane when length = 1.4 m. Therefore, temperature 

drop obtained is 3.3 K. An increase of 1.2 K is obtained, when 

length is changed from 0.7 to 1.4 m. 

2) Changing the Diameter of Pipe: 

1) The diameter of pipe is decreased from 0.075 to 0.05 m, 

without any change in other parameters i.e. length = 0.7 

m, velocity = 2.5 m/s. Simulation results show that the 

outlet temperature is coming around 304.8 K. Figure 13 

represents the contour plot of the temperature at 

midplane when diameter = 0.05 m. Therefore, total 

temperature drop obtained is 3.1 K. An increase of 1 K 

is obtained, when diameter is decreased 0.075 to 0.05 m 

 
Fig. 13: Contours of temperature when diameter = 0.05 m 

and Tamb = 307.9 K. 
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2) When the diameter is increased from 0.075 to 0.1 m, the 

outlet temperature is found to be increased i.e. a drop in 

performance occurs. The outlet temperature is found to 

be 306.4 K. Figure 14 represents the contour plot of 

temperature at the midplane of pipe when diameter of 

pipe = 0.1 m. Therefore, a total temperature drop of 1.5 

K is obtained, a decrease of 0.6 K is found when the 

diameter is increased to 0.1 m from 0.075 m. 

 
Fig. 14: Contours of temperature when diameter = 0.1 m and 

Tamb = 307.9 K. 

3) Changing the Velocity of Air through the Pipe: 

1) Without changing any other parameters, the velocity of 

air is decreased from 2.5 to 1.25 m/s. Temperature at the 

outlet is found to be 304.9 K. Figure 15 represents the 

temperature contours when velocity of air = 1.25 m/s. A 

total temperature drop of 3K, i.e. an increase of 0.9 K, is 

obtained when velocity of air is decreased to 1.25 m/s 

 
Fig. 15: Contours of temperature when velocity of air = 1.25 

m/s and Tamb = 307.9 K 

2) When velocity is increased to 5 m/s, the temperature drop 

is found to be decreased. Figure 16 represents the 

temperature contours when velocity of air = 5 m/s. Outlet 

temperature obtained is 306.5 K. The total temperature 

drop is found to be 1.4 K, a decrease of 0.7 K is found 

when velocity is increased to 5 m/s. 

 
Fig. 16: Contours of temperature when velocity of air=5m/s 

and Tamb=307.9K 

D. Effect of Length in the EAHE Performance 

The variation of temperature drop with respect to the length 

of pipe for different temperature differences T, i.e. 

temperature between ambient air and soil is given in Table 3. 

The velocity of air is 2.5 m/s and diameter is 0.075 m in both 

cases. 

T(K) 
10.9 14.3 16.7 18.1 20.2 

Length 

0.7 m 2.1 2.7 3.1 3.4 3.8 

1.4 m 3.3 4.3 5 5.5 6.1 

Table 3: Variation of temperature drop with length of pipe 

E. Effect of Diameter in the EAHE Performance 

The variation of temperature drop with respect to the change 

in diameter of pipe for different temperature differences T is 

given in Table 4. 

T(K) 
10.9 14.3 16.7 18.1 20.2 

Diameter 

0.05 m 3.1 4.1 4.8 5.2 5.8 

0.075 m 2.1 2.7 3.1 3.4 3.8 

0.1 m 1.5 2 2.3 2.5 2.8 

Table 4: Variation of temperature drop with change in 

diameter 

F. Effect of Velocity of Air in the EAHE Performance 

The variation of temperature drop with respect to the velocity 

of air inside pipe for different temperature differences T is 

given in Table 5. 

T(K) 
10.9 14.3 16.7 18.1 20.2 

Diameter 

1.25 m/s 3 4 4.7 5 5.6 

2.5 m/s 2.1 2.7 3.1 3.4 3.8 

5 m/s 1.4 1.8 2.1 2.2 2.5 

Table 5: Variation of temperature drop with change in 

velocity 

V. CONCLUSIONS AND FUTURE WORKS 

A. Conclusions 

 Experimentation performed on the model gives 

temperature drop from 1.9 to 3.2 K when the temperature 

difference between soil and air is 10.9 to 20.2 K 

respectively. 

 CFD simulation performed gives a temperature drop of 

2.1 to 3.8 K for the corresponding temperature difference 

between soil and air. 

 When length of the EAHE system is increased from 0.7 

to 1.4 m the temperature drop has increased to 3.3 to 6.1 

K from 2.1 to 3.8 K, i.e. an increase in temperature drop 

of upto 60.5% is observed. 

 When diameter of the system is reduced to 0.05 m from 

0.075m the drop in temperature has increased to 3.1 to 

5.8 K, i.e. temperature has been increased by 52.63%. 

 When diameter of the system is increased to 0.1 m the 

drop in temperature has decreased to 1.5 to 2.8 K, a 

decrease in temperature drop by 26.3% is found. 

 When velocity of air inside the tube is reduced to 1.25 

m/s from 2.5 m/s, the temperature drop obtained has 

increased to 3 to 5.6 K, performance of EAHE is 

increased by 47.36%. 
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 When velocity of air inside the tube is increased to 5 m/s 

from 2.5 m/s, the temperature drop obtained has 

decreased to 1.4 to 2.5 K, i.e. 34.2% reduction in the 

performance of EAHE system is found. 

B. Future Works 

Since, I have fabricated only a small model of the EAHE 

system, so the designing of EAHE for large room/s and 

implementation of the same can be done on future. By 

computationally simulating the room and by applying the 

proper boundary conditions, the effect of EAHE on the room 

comfort can also be studied. 
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