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In the present study, the direct utilization of borehole as a heat sink for both residential and office 
building is investigated in Tabriz city. The effect of external wall insulation and window glazing is 
studied  in  the  form  of  four  cases  and  the  performance  of  the  ground  sink  direct  cooling  system  is  
investigated for these cases. The borehole design depth is calculated by analytical method. Both sample 
residential and office buildings are investigated. The borehole design depth depends on the quality of 
the building design and its heat emission. The results show that using double glazed windows, 
compared to single glazed windows reduces the borehole design depth by about 10 percent. Also, the 
utilization of insulation in external walls and roof decreases the borehole design depth more than half 
compared to buildings without insulation. Finally, the potential of the ground sink direct cooling in 
sample residential and office buildings is investigated for four cases. The results show that by using 
ground sink direct cooling system, thermal comfort is satisfied in almost all of the cooling hours in both 
sample residential and office buildings. 
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Fig.1 Schematic diagram of ground sink direct cooling system.  

 1       

1 ground sink direct cooling system 

12  .
   
23  .  

  
  

  
[4] 

  .

  
 .  

 100 ) 50 50 
 .  (  

 .
 .  .

  
 .

   
 

 
  

 [5]   
 

  . 
  

 
 

 
  .   

 . 9 -17 
 .  .

  
 

  
  

[6] 
    

  
 

 . 
 . 

  .
  

 . 
 

  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

    

  

268  13951610  

  .

 . 
 

  

-2  
 

   .
 

  
  

-1-2    
[7] 

 . 2011 ]9[  .
 

) 1(   

)1( = h + h + y + m

f ( Ground + p)  

) 1 (
   

)1( Ground  .f 

 )2(    

)2(  f =
in,BHE + out,BHE

2
 

2011 ]9[ in,BHE  
11-17 oC Ground 

6-11 oC    
)3( out,BHE )2(   

)3(  out,BHE = out,BHE + h

pf
 

) 1 (p  . 
 .p = 0   

 1 10   
 . 

)6-4(    

)4(  6 =
( 6 )

 

)5(  1 =
( ( 1 +6 ) ( 6 ))

 

)6(  
10y =

10y+1m+6h b( 1m+6h)

s
   

b( )  
)7 (   

)7(  b( ) = s
b( ) Ground

f1 + f2

 

f1 f2   
 . b( )  .[8] 

b( )  
 .b( )  1 )ICL (

 ) 8( [9].  

) 8 (s  .J Y 
  

  [10] .

 
 .  

  .
2  .( ) ( ) 

  .   
 .( ) ( ) ( ) 

   b( )  
 [10]  ) 9 (

   

)9(  

b,present( )

=
1

1 + gb ( )

1

(
2

fg
+ ( ) + f fg ( ))

 

 ) 11,10 (   

)10(  ( ) = +
2

+
1 1

(1 + ( )) 

)11(  ( ) =
1

2
K ( )

K ( )
 

) 9-11 ( –   
 .f g 

 .G ( ) 
  .

)9-11( [10] 
 . 

) 1 (y 
 m 

 . h ) 
6  ( 

 

   
  hm y   

1 Infinite cylinder source 

)8(  

b,ICL( ) =
1
2

2 s

b 1

J1
2( ) + Y1

2( )
0

× [J0(
b

)Y1( )

J1( )Y0(
b

)]
d

2 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

    

13951610  269  

  
Fig. 2 Equivalent thermal network proposed by Minaei and Maerefat 
[10] 
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Fig.3 schematic presentation of Room 600 of ANSI/ASHRAE Standard 
140-2007 [11] 
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Fig.4 schematic presentation of inputs of the Matlab from the Energy 
plus and vice versa 
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Fig.5 Schematic presentation of a Borehole heat exchanger 
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Table 2 Thermal properties building construction materials 

  
(kgm-3) 

 
(Jkg-1K-1) 

 
(Wm-1K-1 ) 

thikness 
(cm) 

  2300 960 1.4 20 

 800 1000 0.3 3.0 

 2590 880 2. 9 2 

  2100 920 0.7 2 

  35 1300 0.037 2.5, 5 

  

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

    

  

272  13951610  

  
Fig.6 Hourly building loads for the building without insulation and with 
single glazings windwo for 123 days of cooling period 
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Table 3 Thermal properties of borehole materials  
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Table 4 Geometric parameters of the borehole [10] 
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Fig.7 variations of the room temperature building without insulation 
and with single glazings windwo for 123 days of cooling period 
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Table 5 the values of the design length and performance of free ground 
cooling system for residential building in four cases  
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Table 6 the values of the design length and performance of free ground 
cooling system for office building in four cases  

  (m)  
  

1  125  869  9 

2  115  795  16  

3  78  658 40 

4  64  593  44 
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