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 In present study, heat transfer in double-tube heat exchanger filled with metal porous material has been 
investigated. In contrast to most of the previous studies, fluid flow is considered turbulent in heat 
exchanger which is in good agreement with the practical performance of these exchangers in the 
industry. Fluid flow and heat transfer equations have been discretized on a collocated grid by means of 
finite volume method with simple algorithm. Discretized equations are solved with a numerical program 
in FORTRAN language in order to study the effect of porous material parameters and Reynolds of fluid 
flow on the heat transfer in double-tube heat exchanger. According to the results and analysis of 
porosity in the range of 0.8 to 0.95 as well as pore diameter of 1 mm up to 6 mm and diverse types of 
porous material, it is observed that the decrease in porosity, the increase in pore diameter and the use of 
copper porous material (with high heat conduction coefficient), increase heat transfer. In the best case, 
overall heat transfer coefficient increases up to 7 times. Moreover, the results reveal that the heat 
transfer enhancement ratio has no distinct difference with changing Reynolds number of turbulent flow 
in the range of 10000 to 80000. Performance evaluation criteria, which investigate the effects of pump 
lost power and thermal power, shows that with using porous material the value of the pump lost power 
is of major importance, and can be decreased by increasing the porous pore diameter. 
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Fig. 1 Schematic of the double-tube heat exchanger filled with porous 
material  
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Fig. 2 Effect of mesh number on numerical solution 
 2  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
13

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                             5 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html


    

                      

  

178  1395163  

0.1   .3 
   . 

 
  

 NTU - 
  .  

20000  
  . 

NTU-  
]28[:  

)35( Nu = = 0.023Re . Pr .  

4   
)( ) (NTU-  

 . 
NTU- 

   

4 -2-   

   .
  2  ) 

 200000.85 
2.5  218 

 .(
  .

 
   

5  
  

  

 

Fig.  3 Mean velocity profile comparison of present results and Silva 
and de Lemos [35] 

3   
]35[ 

  . 
 

  .
    .

  .
 

 .
5 

  
 .  

  
 . 

 
 .6   

    .
  

 ) 36 (
 ]36[:  

)36( 

X = Re Pr = , ,

+ , ,  

 ) 36 (    

 
= 0.3608, = 0.001339,  
= 0.3526, = 0.8357 

6   
 

12 
  

1 Order of magnitude 

 

Fig. 4 Comparison of Mean dimensionless temperature of inner tube, of 
present CFD results and  –NTU method 

4    

NTU - 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
13

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html


    

                       

1395163  179  

 

Fig. 5 Investigation of convection and Overall heat transfer coefficient 
in example problem 
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