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In this paper, use of the spherical ground storage tank as a heat sink for cooling of the residential and 
office buildings in the climatic condition of Tabriz city is studied. For computing the heat transferred 
between the underground storage tank and the soil around it a new analytical solution is presented. 
Inside the storage tank, the analogy between thermal and electrical conduction is used for deriving heat 
balance equations. In ground around the storage tank, the transient conduction heat transfer equation in 
spherical coordinates is considered. The Sample building envelope is simulated in Energy Plus and the 
storage tank and fan coil are simulated in Matlab software. Finally the building and the underground 
storage tank is linked together and the performance of the direct cooling system is investigated. Results 
show  that  the  dimension  of  the  storage  tank  has  significant  effect  on  the  comfort  condition  of  the  
building. The optimum diameter is 3.5m and 3.0m for residential and office building. By decreasing the 
storage tank optimum diameter the discomfort hours increase significantly. Using storage tank with 
larger diameters than optimum diameter the discomfort hours increase very slightly. Also, results show 
that the optimum diameter for office building is lower than the residential building. 
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Fig.1 Schematic diagram direct cooling system using underground 
storage tank. 
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Fig.2 Schematic presentation of the problem. 

2    

  . 
[7-4] 

 . 
 ) 6 (  

)6( f
f

= f +
po f

fp
 

po  f 
 .

 

)7( 
2

2
+

2
=

1

s
 

  .
 ) 8 (  
)8( ( , 0) = G 

G  .
 G .  )9( 

   
)9( ( , ) = G 

 
  

)10( s 4 2|
= po

= po 

po  .po 
 .2po   

) 11 ( .  

)11( s 4 2|
= po

=
f po

fp
 

) 12 (  
)12( = G 
       ) 6)  (7 (    



    

     

  

88  13951610  

       ) 13)   (14(  
: 

)13(  ( f +
1

fp
) f( )

1

fp
p( ) = f 

)14(  
2 ( , )

2
+

2 ( , )

s
( , ) = 0 

 )9)  (11(   ) 15)  (16(  
: 

)15( ( , 0) = 0 

)16(  s

( , )
4 2|

= po

=
f( ) p( )

fp
 

) 14 ( ) 17 ( 

)17(  ( , ) = ( )
s

2 s

+ ( )
s

s

 

 
    

 ( )   
) 17( ( )   .

  ) 18 (   

)18(  ( ) =
( ) ( )

( ) 

  

)19(  
( ) =

1
4 s po(1 + po s)

 

 
 ) 18 (  )20(  .  

)20(  (1 +
1

fp
( )) po( )

1

fp
( ) f( ) = 0 

 
)13)   (14 (  

  )21(   

)21(  f( ) = f( fp + ( ))
(1 + f ( fp + ( ))) 

   
  

 ) 21 ( 

)22(  f( ) = L[ f( )] 

)23(  f( ) = L 1[ f( )] =
1

2 i f( )d

+i

i

 

3    
3  

 : 

)24(  f( )d = 0 

 

 
 
 
 
)25(  

( )d

i

i

= lim
R

lim{ f( )d

f( )d
R AB+CD

} 

f )    .

f )    f ) 
   

  f = ( f(0, )) = ( f)  

)26(  
f =

1
i f( )d

R +AB+CD

 

    . 
 ) 27 (    

)27(  

f
=

2

i f( , )d

AB

=
2

i f( )d

0

 

AB    
 

)28(  f
=

1
l( ) d

0

 

  

)29(  l( ) = Im( f( ))  

 0  t  f ) )30( 
 

)30(  f( ) =
1

[1 ]l( )

0

 

= ( b 
) 31 (  

  
Fig. 3. The contour used for computing inverse Laplace transform. 
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Fig. 41Stepwise varying heat flux. 
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Table 1 Thermal properties of building construction materials. Soil 
and reservoir tank. 
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Fig.6 variations of the room temperature for residential building with 3 
m diameter underground storage tank for 123 days of cooling period. 
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Fig.7 variations of the room temperature for residential building with 
4m diameter underground storage tank for 123 days of cooling period. 
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Fig.8  variations of the room temperature for office building with 3m 
diameter underground storage tank for 123 days of cooling period. 
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Fig.9  variations of fluid temperature of the rezervoir   
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Table  2 The  impact  of  spherical  storage  tank  diameter  on  thermal  
comfort of the sample building 
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