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In the present study, a new analytical model for Earth to Air Heat Exchanger is presented. To this end, 
transient energy equation is solved employing Duhamel's theorem and the soil temperature distribution 
is achieved with the concept of G function. Then, the outlet temperature will be achieved by solving the 
energy equation along the length of heat exchanger. In comparison to previous models, the present 
results are in better agreement with those obtained experimentally. Parametric investigation and 
feasibility study of this system in Tehran has been done using this analytical model for summer season 
with two different input temperatures. Parametric investigation showed for each mass flow rate, the 
corresponding optimum diameter is achieved. It is observed that optimum diameter is a function of mass 
flow rate and operation time and independent of soil and input temperature of heat exchanger. For major 
mass flow rate supply, utilization of heat exchangers with minor mass flow rate is suggested; 
accordingly the temperature of heat exchanger is decreased. The depth and distance between heat 
exchangers can be calculated by the present model. It is also shown that this system can solely supply 
thermal comfort in continuous summer operation for cities with cold climate and low annual average 
temperature. 
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Fig.1 Variation of ground temperature at different depth among 

the year for Tehran 
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Fig.22Schematic diagram of integrated earth to air heat 
exchanger and building 
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1- Mapping  
2- Derating Factor  
3- Mean coefficient of performance (COP)  
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Fig. 33Cross section of earth to air heat exchanger 
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Fig.44Schematic representation of earth to air heat exchanger 
in infinite medium 
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Fig. 55Stepwise varying heat flux 
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1- G-function 
2- Borehole
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Fig. 6 Solution algorithm flowchart 
6  

-2-4   

]19[   
 

  
  7 

18.5 20   .
 

]19[ 

 
 

  

1 –   
    Table 11Comparison the outlet temperature of present analytical model for an earth to air heat exchanger against other research  

 (ms ) , ( ) 
, ( )        

  ]12[  ]12[   ]15[     ]12[ ]15[    

    

2 43.4  33.1  29.3  29.3  31.6   11.48  11.48  4.52    
3 42.5  33.1  29.4  31.66  32.6   11.18  4.34  1.51   
4 42.3  33.5  30.6  33.04  33.5   8.65  1.37  0.0   
5 42.2  34.2  31.1  34.1  34.2   9.06  0.29  0.0   

  

2 43.7  31  28.6  - 30.83   7.74  - 0.55   

3 43.5  32  29.2  - 31.84   8.75  - 0.49   

4 43.1  32.5  29.5  - 32.5   9.23  - 0.0   

5 43.6  33.7  30.2  - 33.5   10.39  - 0.59   
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Fig. 77Validation of temperature distribution inside heat 
exchanger obtained from present analytical models against 
experimental results  
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Fig. 88Outlet temperature of heat exchanger versus variation of 
heat exchanger pipe diameter – the inlet temperature is 45  
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Fig. 99Variation of soil temperature around pipe according to 
different radius from outer radius of heat exchanger- 93 day 
operation and  0.1 kgs-1 of mass flow rate 
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Fig. 1010Outlet temperature of heat exchanger versus variation 
of heat exchanger pipe diameter – the inlet temperature is 40  
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Fig. 1111Adaptive standard for naturally ventilated buildings [23] 
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Table 22Climate statistics and information of four city of Iran 
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Fig. 1212Outlet temperature of heat exchanger at weather 
conditions in different cities and 0.1 kgs-1 of mass flow rate 
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