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Abstract: 

Rising fuel consumption for electricity generation and the losses that occur during transmission of power is a driv ing fo rce for 

development of energy efficient systems. The problems faced due to global warming and climate change by use of traditional co oling 

or heating devices were studied and it was found that alternative design by utilization of renewable energy was the best solu tion. With 

this purpose, various ways were explored to develop energy efficient and environmental friendly  space conditioning s ystem and 

zeroed in on Earth Tube Heat Exchanger. It is a device which exchanges heat from ambient air to deeper layer of soil and vice -versa 

providing cooling in summer and heating in winter by the virtue of underground soil nature. By  researching on the current scenario of 

ETHE development the new design was proposed which is utilization of lesser underground area by giving mult iple passes. The 

ETHE designed is 8m long pipe which is given mult iple passes so as to fit into an area of 1m.  A ir at velocity o f 1m/s is blown into 

the pipe with the help of blower of 550W. The main contenders which affected the temperature drop were mass flow rate of air and  

the pipe diameter. By analysis it was observed that almost 8 degree temperature d ifference was obtained, p roving it to be a reliable 

and feasible design. Also its operating cost is less and once the payback period is achieved it  becomes almost free source of  room 

conditioning.  
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I. INTRODUCTION  

 

It is found that the soil at some depth from earth surface has a 

property of remaining cold  during summer and relat ively hotter 

during winter days from the atmospheric temperature. This 

strikes the researchers to use the temperature gradient of soil for 

cooling in  summer and heating in winter [1]. As we have limited 

source of energy it is important to find alternatives sources to 

save conventional fuel for future to save energy of universe. 

These days air conditioning is widely employed in industries and 

for the comfort purpose in livestock build ings and hospitals etc. 

It is employed efficiently by vapor compression cycle in  which 

we are using high grade electrical energy which also affects 

atmosphere by CFC so to reduce the use of high grade energy, 

number o f methods are exp lored[2,3]. EAHE is one of such 

techniques. It uses heat source from underground soil and heat is 

transferred to air through conduction and convection which 

results increased air temperature than that of ambient 

temperature at outlet o f earth-air-pipes and this outlet air direct ly 

can be used for space heating purposes [4].  An earth air heat 

exchanger consist in one or more tubes lied under the ground in 

order to cool the air in summer o r pre -heat the air in winter to be 

supplied in a build ing. The physical phenomenon of earth         

air heat exchanger is simple: the ground temperature  commonly 

higher than the   outdoor  air temperature in winter and lower in 

summer, so it makes the use of the earth convenient as warm or 

cold sink respectively. Both of the above uses of earth air heat 

exchanger can contribute to reduction in energy consumption. 

Several researchers have described the Earth-to-Air Heat 

Exchangers (EAHE) coupled with build ings as an effective 

passive energy source for building space conditioning.   

II. MOTIVATION  

 

As we found that the soil temperature remains constant below a 

depth of 6-10 feet. Therefore we thought of using temperature 

difference between soil and ambient air as a source of energy for 

preconditioning the air. So by conducting research on web, we 

came across many papers from which we found that this energy 

can be used for preconditioning the air. So many researchers 

have made use of earth tube heat exchangers for this process. 

Earth tube is a long underground metal pipe through which air is 

drawn. As air travels through the pipe, it gives up or receives 

some of its heat to/from the surrounding soil and enters the room 

as conditioned air during the cooling or heating period.  

 

III. PROBLEM DEFINITION  

 

By read ing various papers we found that most of the earth tube 

heat exchangers were single pass used in dry and arid  climates 

and had no provision for removing the condensate. Thus in our 

design we have given mult iple passes there by reducing thearea 

of the pit. Our setup is in hot humid climate, therefore there is a 

possibility of condensate formation We are therefore planning to 

keep the experimental setup at a certain angle. This setup is a 

passive source of cooling since it uses less energy than the 

conventional room conditioning devices.  

 

IV. AIM AND OBJECTIVES  

 

Aim of the project  is to design, manufacture and developed earth 

tube heat exchanger for room conditioning.  
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     Objectives of the project:  

 

      1. To  study variation in COP of system with respect to time.  

      2. To  compare the CFD result with experimental result.  

      3. To calcu late the outlet temperature of air and to optimize 

the efficiency of the model.      

 

V. SCOPE  

 

Scope of the project is confined to design and fabrication of an 

incense stick machine for the incense stick of diameter of 3 mm 

and 6-7 inches in length. The powder used in machine will be 

bought from a local vendor. The maximumproduction rate of the 

machine will be 30 incense sticks per minute. The project 

includes design, fabrication and inspection of machine to 

produce quality incense stick.  

 

VI. EXPERIMENTAL S ETUP  

 

The experimental setup is an open loop flow system has been 

designed and fabricated to conduct experimental investigation on 

the temperature difference for in let and outlet section, heat 

transfer, coefficient of performance and fluid flow characteristics 

of a pipe in parallel connection. The experimental data are to be 

used to find the increase of cooling rate for the summer 

condition, and heating rate of winter condition heat transfer 

coefficient. The Earth Tube Heat Exchanger taken is a pipe 

having passes with inner diameter 38mm and outer diameter 

42mm with total length of 8 m, made up of mild steel pipes and 

buried at a depth of 1.5 m in a flat  land with dry  soil. Ambient 

air was sucked through the pipe by means of a centrifugal 

blower. The b lower is used to suck the hot ambient air through 

the pipelines and delivered the cool air for required   place in 

summer climate and hot air required  place in  winter. The b lower 

is placed at the inlet to b low the atmospheric air into the pipe for 

around 15-20 minutes to attain the steady state. Velocity of the 

air at the in let is measured with the help of anemometer. The 

thermocouples are attached at the inlet and the outlet to record 

the temperature change and also at various places below the 

ground to measure the soil temperature.  

 

 
 

Coefficient of performance is one of the measures of heat 

exchanger efficiency. It is the ratio of heating or cooling 

energy provided to electrical energy consumed. So higher  

COP equates to a lower operating cost. [6]  

VII. COST ANALYS IS  
 

TABLE. 1. COS T ANALYS IS 

 

Components  Cost (rs)  

pipe  1000  

Channel box  1150  

blower  1000  

Thermocouples  1350  

Insulations  0  

 

VIII. THEORETICAL EVALUATION  

 

Taking velocity of air = 1m/s  

 

Assuming ambient temperature Ta = 35 C  

 

  = 25 C  

 

 = temperature at the surface of pipe under 5ft  

 

 ρ = 1.1465 kg/m
3
 ,µ = 16.505×10

-6
  N/msCp = 

1005 J/kgK , ksoil = 1.4 W/mK 

 

Length of pipe = 6m, d i = 0.036m, do = 0.04m  

 

Reynolds no Re =   

 

  
 

As the Reynolds no is less than 5×10
5
, the flow is LAMINAR  

 

Prandtl no, Pr =  

 
 

The equation of Nusselt no for Laminar flow through pipe is 

given by  

  Nu =  

 

        = 3.66 +  

        = 4.108  

 

Convective heat transfer coefficient is given by  

    Nu =  

4.108 =  

       h= 3.035 W/m
2
K  

 

Area for convective heat transfer,  = π  

                                                           = π×0.036×6  

                                                           = 0.678 m
2
 

 

Area for conductive heat transfer = π  

                                                      = π×0.04×6  

                                                      = 0.753 m
2
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Convective heat transfer resistance =  

 

Conductive heat transfer resistance for cylinder =  

 
 

The wall thickness of soil,  = 15cm  

Conductive heat transfer resistance for soil =  

Total heat transfer rate for the system is given by,  

 

Q =  

 

 is a temperature of soil below 5ft  

 

Q =  

 
 

Q = 15.94 W  

 

Considering conductive heat transfer through soil to calcu late 

the surface temperature of the pipe under 5ft  

 

          Q =  

 

 
 

Tsurface  

 

By changing velocity of air at the in let of pipe we get different 

air temperatures at the outlet. 

  

TABLE.2 . THEORETICAL RES ULT 

 

Velocity 

(m/s)  

Re  h  

(W/m
2
K)  

Q 

(W)  

Tsurface 

(⁰C)  

2  5001  3.133  16.334  27.32  

1  2500  3.035  15.943  27.26  

0.5  1250  2.871  15.262  27.16  

0.3  750  2.811  15.010  27.13  

 

IX. CFD ANALYS IS   

 

CFD analysis was done to find  out the variation in temperature 

of the air flowing through ETHE and the velocity of air in the 

pipe. The inlet temperature of air was assumed to be 308 

K(35⁰C) accord ing to atmospheric data analysis and velocity of 

air assumed as 1 m/s respectively. Following are the results 

obtained from CFD analysis. From the temperature p lot it is 

observed that the outlet temperature of air is 298K (25⁰C) which 

is closer to the results obtained theoretically. This data was 

obtained considering coarse mesh and twenty iterations.  

 

 
Figure.1.Mesh of ETHE 

 

In the velocity plot we observe that the air velocity is neglig ible 

at the boundary of pipe due to friction and then it increases to 1 

m/s at the center of pipes  

 
Figure.2.Temperature plot showing exit conditions.  

 

 
Figure.3. Contour of static Temperature  
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Figure.4. Contour of velocity of air  

 

X.CONCLUS ION  

 

Higher COP can  be obtained when temperature d ifference is 

greater and this can be ach ieved by using longer pipe for more 

heat transfer which we have incorporated. Thus at this depth of 

5ft. the temperature of air varies significantly and acceptable 

cooling or heating conditions can be obtained as per the design.  

Increased length decreased diameter and increased mass flow 

rate gives better efficiency. Material of the pipe does not affect 

the performance of the heat exchanger. Also since the thickness 

of the pipe is very s mall the convective heat transfer rate is more 

than conductive heat transfer rate. The theoretical and analytical 

data match to a considerable extent stating that the proposed 

design is feasible and ready for experimentation.  
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