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This paper presents new analytical model to study the thermal behavior of borehole heat
exchangers (BHE) in short time periods. Transient heat transfer is considered inside the borehole
and at the ground around the borehole, transient heat conduction is considered inside the
borehole and ground around the borehole. For this purpose, the analytical solution has been
developed in two stages. First, new analytical equation is provided for the short-time thermal
response of the BHE (dimensionless G-function). In the second phase, the outlet temperature
calculation using the G-function is described. Inside the borehole, the analogy between thermal
and electrical conduction is used for deriving heat balance equations. For this purpose, new
equivalent thermal network for modeling of the heat transfer inside the borehole is developed. In
ground around the borehole, the conduction equation in the radial direction is considered. The
governing equations are solved by Laplace transform. Finally, the mean fluid temperature and
short thermal response of the BHE is computed. Then in the second phase, the outlet temperature
in the on and off times of the system is calculated using the G-function. The solution of the
proposed analytical model is compared with experimental measurements. Results show that the
outlet temperature of the analytical model matches very well with the reference experimental
measurements.
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Fig.1 Schematic diagram Borehole heat exchanger.  

1   

1 Grout 

   
 (  .

  .
 .  

 
   ]1[.  

   
 -  .  

  ]2[ GEM3D 

]3[  
 

]4[     . 
 

  
    

  - 
  . 

    .
   

 . 
 .

]5[ CaRM  
 .2   

 .  

   .
     .

    -
  .]6[ CaRM 

     
]6 [

]6 [   
]7[   

TRCM  .TRCM  U 
3    .

   .
    .

TRCM   
]8[ .  

  -   

   
    

 . 



    

     

1395165  201  

  

Fig. 2 Equivalent thermal circuit proposed by De Carli et al. [5] 
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Fig. 3  Equivalent thermal circuit proposed by D. Bauer et 
al.[7] 
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Fig.4 Schematic presentation of the problem 
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Fig. 5 Equivalent thermal network of the present study 
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1 [22] 
Table 1 Thermal properties of reference [22] 

  
(kgm-3) 

cp 
(Jkg-1K-1) 

K 
(Wm-1K-1  )  

 2000 1250 2.88 

   1100 1450 0.39 

 2000 1900 0.9 

 998 4200 0.6 

2 [22] 
Table 2 Geometric parameters of the reference [22]  

 18.3(m) 

 6.5(cm) 

U-  1.3665(cm) 

U- 1.67(cm) 

U-  5.3(cm) 
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Fig.  8 Inlet fluid temperature and mass flow rate variation in 
xperimental tests of Beier et al  . [22] 

8 [22]   

  
Fig. 9 Comparisons of the present method and uninterrupted 
test measurements in 200 first minutes operation. 
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Table 3 comparison of present analytical method against other 
research  

 

 = 200 (min)  = 3000 (min) 
  

  Diff %   Diff % 
      

[22] 1037.5 -  1050.0 - 

 988.9 4.69  999.6 4.80 

[15] 786.3 24.22  781.2 25.60 

] 14[ 729.5 29.69  806.4 23.20 

5 
] 14 [

] 15 [20  .3 
 

 .  
10 

  .

 .
3.7  

 [22]  .
9-11   .11 

  .
11    . 

 . 
  .[22]  

 
 .  

  



    

     

  

208  1395165  

  
Fig. 10 Comparisons of the present method and uninterrupted 
test measurements in all operation times. 

 10 
 

  
Fig. 11 Comparisons of the present method and interrupted test 
measurements in all operation times. 
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