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 In this study, the accuracy of steady and unsteady methods in predicting the required length of air-earth 
heat exchangers has been compared for cooling application. Also, the impact of different conditions for 
inlet air temperature (constant, periodic and actual temperature) on unsteady methods has been studied. 
Results indicated that, steady model cannot provide correct estimation for the required length of 
channel. In addition, using unsteady method with constant inlet air temperature overestimates the 
required length of the channel, which can lead to economic and implementation challenges for project. 
However, using unsteady method with periodic inlet air temperature,allows the required length of the 
channel can be estimated with acceptable accuracy compared with real situation (unsteady model with 
actual inlet air temperature). 
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Table 1 Specifications of earth-air heat exchange 

   

 (m) 3 
 (m) 002.0 

 (m) 3.0 
 (m3/s) 028.0 

 °C 41.25 
 °C 19.9 

 (W/mK) 27.16 
 (J/kgK) 48.502 

  (kg/m3)  8030 
 (W/mK) 52.0 

 (J/kgK) 1140 
 (kg/m3) 1400 

 (W/mK)  0264.0  
 (J/kgK) 1005 

 (kg/m3)  166.1  
 )-( 68.0 

2- Fluent 6.3.26

)2(  
Nu =

/8(Re 1000)pr

1 + 12.7 (Pr 1)
 

)3(  = (1.82 Log Re 1.64)  

)4(  = 0.258 Nu  
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Fig. 1 Comparison present results with experimental data, 20 and 23 
hours after launch 
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Fig. 2 Comparison of transient model with steady state model 
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Fig. 3 Effect of inlet thermal boundary condition 
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Table 2 Assessment of various designing approaches 

 
)m( (%)  

 54.26 -3.1 

 98.84 +72.9 

 17.5 -68.8 

 .

 
 2   

6 -   
  (Wm-2 K-1) 
 (Wm-1 K-1) 
  )m( 

Nu  
Pr  
Re  

 ) °C( 
  )°C( 
 (Wm-2 K-1) 

 
 ) m2s-1( 
 ) m3h-1( 
 ) kgm-3( 

7 -  
[1]  M.  D.  Paepe,  M. Janssens, Thermo-hydraulic design of earth air heat 

exchangers, Energy and Buildings, Vol. 35, No. 4, pp. 389-397, 2003. 
[2] R. Misra, V. Bansal, G. D. Agrawal, J. Mathur, T. Aseri, Transient analysis 

based determination of derating factor for earth air tunnel heat exchanger in 
summer, Energy and Buildings, Vol.  58,No. 1, pp. 103-110, 2013.  

[3]  V.  Bansal,  R.  Misra,  G.  D.  Agarwal,  J.  Mathur,  ‘Derating  Factor’  new  
concept for evaluating thermal performance of earth air tunnel heat 
exchanger: A transient CFD analysis, Applied Energy, Vol.  102,No. 1, pp. 
418-426, 2013. 

[4]  R. Misra,  V. Bansal,  G. D. Agrawal, J. Mathur,  T. K. Aseri, CFD analysis 
based parametric study of derating factor for Earth Air Tunnel Heat 
Exchanger, Applied Energy, Vol. 103,No. 1, pp. 266-277, 2013.  

[5] M. Benhammou, B. Draoui, Parametric study on thermal performance of 
earth-to-air heat exchanger used for cooling of buildings, Renewable and 
Sustainable Energy Reviews, Vol. 44,No. 1 , pp. 348-355, 2015.  

[6] F. Niu, Y. Yu, D. Yu, H. Li, Investigation on soil thermal saturation and 
recovery of an earth to air heat exchanger under different operation 
strategies,  Applied Thermal Engineering, Vol. 77,No. 1 , pp. 90-100, 2015. 

[7]  T.  S.  Bisoniya,  A.  Kumar,  P.  Baredar,  Energy  metrics  of  earth–air  heat  
exchanger system for hot and dry climatic conditions of India, Energy and 
Buildings, Vol. 86,No. 1 , pp. 214-221, 2015. 

[8] M. Maerefat, S. Ahmadi, A. Haghighi Poshtiri, Investigation and 
performance analysis of hybrid cooling  system of air underground channel 
and direct evaporative cooler, Modares Mechanical Engineering, Vol. 15, 
No. 5, pp. 137-144, 2015. (in Persian ) 

[9] P. Hollmuller, Analytical characterisation of amplitude-dampening and 
phase-shifting in air/soil heat-exchangers, International Journal of Heat 
and Mass Transfer, Vol. 46,No. 1, pp. 4303-4317, 2003. 

[10]  J. Vaza,  M. A. Sattler, R. S.  Brum,  E. D.  Santosa,  L. A. Isoldi, An 
experimental study on the use of Earth-Air Heat Exchangers (EAHE), 
Energy and Buildings, Vol.72,No. 1,  pp. 122-131, 2014. 

[11]  H. Li, Y. Yu, F. Niu, M. Shafik, B. Chen, Performance of a coupled cooling 
system with earth-to-air heat exchanger and solar chimney, Renewable 
Energy, Vol.  62,No.  , pp. 468-477, 2014.  

[12] D.Y. Goswami, A.S. Dhaliwal, Heat transfer analysis in Environmental 
control using an underground air tunnel, Journal of Solar Energy 
Engineering, Vol. 5,No. 2, pp. 107-141, 1985 

[13] A. Artur, J. R. Bell, W. L. Angel, HVAC Equations, Data, and Rules of 
Thumb, 3rd Edition, Mc Graw-Hill, pp.39-57, 2015. 

20

22

24

26

28

30

32

34

36

0 20 40 60 80 100 120 140

O
ut

le
t T

em
pe

ra
tu

re
 (°

C
)

Length(m)

real temperature
periodic temperature
critical temperature


