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In the present study the validity of two conventional Nusselt number definitions was investigated
using analytical and numerical methods for convection heat transfer in pipe partially filled with
porous media. The first definition is denoted as Nu ( ) = 2 ( )) and the

second one as follows: Nu ( ) = 2 ( )) The Nusselt number resulted from
these two definitions was investigated analytically in pipe for different porous configurations.
The results show that the calculated Nusselt numbers using these two definitions, are different in
porous media boundary arrangement. In the first definition, the heat transferred to the fluid
flowing thorough the porous media is not considered, so the Nusselt number which is calculated
via this definition cannot demonstrate the physics of heat transfer phenomenon properly. The
boundary arrangement of porous in pipe with turbulent flow is simulated numerically and the
Nusselt number was calculated by the two definitions. The calculated Nusselt from the first
definition shows that the Nusselt number increases as the heat conduction coefficient of porous
grows, which is not proper expression of physics of this problem. So, the first definition of the
Nusselt number is not proper for porous boundary arrangement in pipe. However, by
investigating the second definition, it is seen that with increasing the porous heat conduction
coefficient, the Nusselt number increases, which is physically valid; therefore the second
definition is more appropriate for the porous media boundary arrangement.

Keywords:
Convection heat transfer
Nusselt number
Porous material

  
1 -   

  
 .

) 1 (]1[:

)1(  Nu ( ) =
2

( ( ))
  ) 1 (  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               1 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

     

139415 6  279  

Nu   
) 2 (]2,3[:

)2(  Nu ( ) =
2

( ( ))
  ) 2 (  

) Nu ( .
  .  

 .
]4[ 1994 

 .

 ]5 -8[ .]9[ 2011

 .  

 .]10[ 2014

 .2014 
]11[ ]12[ 

   
 .    

]13[ 2009

 . 
 .

  
 .]14,15[  2010 2012 

.  

 . 
 

]2,3,16[ .

 .
 (

 (

 .
  

2 - 

 .
]1[:

)3(  = ; ( ( )) =

)4(  ( ) =
2

( )
; ( ) =

2

)5(  = ( ( ))
) 6 (]2[:

)6(  Nu( ) =

) 6(   ( ) 
 

) 5 (
) 6(

)7(  Nu( ) =
2

( ( )) = Nu ( )

 .

  

 .
)8 (]16[:

)8(  = +

 )  8(
]17[  .

) 9 (]16[:
)9(  = (1 )

)10 (

)10(  = + = + (1 ) +

 .)  (
) ( 

 .
 

  

2-1-   
) (

)   (]1[ .
) 11 (]1[:

)11(  =

) 11 (
   

)12(  

Nu ( ) =
2 ( )

( )

=
2

( )
= Nu ( )

)  12 (
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               2 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

      

  

280  139415 6  

2-2-    

)  () (]18[ 
) 11 ( .

) 12 (

  

2-3-    
 

) )  ( ( 
 ]16,19,20[ .

)  13 (
]2,3[:

)13(  = +

) 7(

)14(  

Nu ( ) =
2 ( ) + ( )

( ( ))

= Nu ( ) +
2 ( )

( ( ))

 .) 14(
 

 .
( )

( ( ))
  

 .

 .) 14 ( 
 .

 
 .

) = =

 () 15 (

)15(  Nu ( ) =
2 ( )

( ( )) = Nu ( )

) 15 (  

Nu ( ) = Nu ( ) 
 .

 . 

 .  ) 15 ( 
   

  
           

 ) (          )(  
   ]21,22[ .

) 16 (  

)16(  

Nu( ) = =
2

( ( ))

=
2

( ( )) = Nu ( )

 ) 16 (

)  (
 .

        
              

         .     
             
              

           
 .           
           

 .

  

3 - 
3-1-   

1   .

   .
  

3-2-   
k 

-]23[ .

 .
) 17 (]24[:  

)17(  = 0

=  . 
  .

]24[:  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               3 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

     

139415 6  281  

)18(

= ( ) +

+ +
| |

)  18(  
) 19 (]23[:  

)19(  =
144(1 )

 )  19(
]24[:  

)20(  = 2 D
2
3

I

) 20:(  

)21 - D =
1
2

+

 ) 20 (
  

)21 - = /

) 22)  (23 (]24[:  

)22(  
( ) = + ( )

+ +

)23(

( ) = + ( )

+ + ( )

)  22)   (23( 
 

 | |/ 
]23,24[ .

    

LTE1 ( .

]25[ .
 ( )  .

 .  

 .

) 24(   
)24(( ) ( ) =

) = 1 ( .= 1) 3(
)  (

]26,27[ .
]23[:  

= 0.09, = 0.09, = 1.44, = 0.28,
= 1.0, = 1.3, = 0.9 

 

1- Local Thermal Equilibrium

  . 
 .  

) 25 (]28[:  

)25(( ) =
( )

3-3-   

3-3 -1-   

 .
 .

 .
  

 .

  

]29[.  

3-3 -2-   
  

  .]30[ 
 . 

    .  
02/1 

 .
2 

 .  3 
]31[ .

  
  .

) SIP4 (
]32[ 10   

1    

2- Simple
3- Standard Wall Function
4- Strongly Implicit Procedure 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               4 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

      

  

282  139415 6  

3-4-   
20000 

85/0  .  
Da = 
 .   

)  ( .
2 ) 

 (
 . 

140 250 
   

  

]33[  .
50000 100 

 .
 .3 

    
4 

 .
]28[  

) 26 (  
)26(( ) = 1 ( )

 100 )  
  (

   
5

 .) 27 ( ]28[:  
)27(Nu = 0.023Re . Pr .

  

  
2    

  
3 

 ]33[  

  
4               

  ]28[  

3-5-   
6 

 .
  .

100 ) = 100(. 
 .

  
7  -

  .

 .
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               5 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

     

139415 6  283  

 .7 
  

 .

 .

 .
  

8

  .
6 

 .
 
 

 .
) 14 (

 .
 .

2012 

 .
]15[ . 

 
 ]13[.  

9 
)    (

 . 
  

  

  
5 

]28[  

  
6  

  

  
7  

  

  .
)16 ( 

Nu ( ) = 2  .
)  ( 

 .
  .

 .

 .  
8 

 .  
 

  
 .6

  .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               6 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

      

  

284  139415 6  

  9
 .

 
  7

   
]22[ 2002 
 

) (
 .]6[ 2002 

 

 .
 

 .]34[ 2014 

 
 .

   
           

       
            

            
          .

  
  10            

       .   
             

 .6 
 .11 

  

  
8    

  
9   

  
10   

  
11   

  
 .7 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

     

139415 6  285  

 .

  

4 - 

 .

 . 

  

 
 .

 .

  

 .
 .

 
 .

 . 
 . 

 
  

5 -   

sA) 2m(  

FC  
1 2, ,c c ck  

pfC) 1 1Jkg K(  

D) 1s(  
Da  

pd) m(  
h  

K) 2m(  

k) 2 2m s(  

effk) 1 1Wm K(  

fk  ) 1 1Wm K(  

fek) 1 1Wm K(  

sk) 1 1Wm K(  

sek) 1 1Wm K(  

refk)1 1Wm K(  
Nu  

1Nu  

2Nu  
P) Pa(  

Condq)W(  

Convq)W(  
R) m(  
pR) m(  

Re  
S) m(  
T) K(  

fT) K(  

sT) K(  

iT) K(  

wT) K(  
u) 1ms(  

u  )1ms(  

Du )1ms(  

iU) 1ms(  
,x r) m(  

   

    
  ) kgm-3(  
  ) kgm-1s-1(  

t )kgm-1s-1(  
) 2 3m s(  

T  
  

k   k

m  

6 - 
[1] F. P. Incropera, Introduction to heat transfer John Wiley Sons, 2011.
[2] D. A. Nield, A. Bejan, Convection in porous media springer, 2006.
[3] K. Vafai, Handbook of porous media Crc Press, 2010.
[4] A. Amiri, K. Vafai, Analysis of dispersion effects and non-thermal

equilibrium, non-Darcian, variable porosity incompressible flow through
porous media, International Journal of Heat and Mass Transfer, Vol. 37, No.
6, pp. 939-954, 1994.

[5] B. Alazmi, K. Vafai, Analysis of fluid flow and heat transfer interfacial
conditions between porous medium and fluid layer, International
Journal of Heat and Mass Transfer, Vol. 44, No. 9, pp. 1735-1749, 2001.

[6] B. Alazmi, K. Vafai, Constant wall heat flux boundary conditions in porous
media under local thermal non-equilibrium conditions, International
Journal of Heat and Mass Transfer, Vol. 45, No. 15, pp. 3071-3087, 2002.

[7] W. Klinbun, K. Vafai, P. Rattanadecho, Electromagnetic field effects on
transport through porous media, International Journal of Heat and Mass
Transfer, Vol. 55, No. 1, pp. 325-335, 2012.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               8 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html


    

      

  

286  139415 6  

[8] P. Wang, K. Vafai, D. Liu, C. Xu, Analysis of collimated irradiation under
local thermal non-equilibrium condition in packed bed, International
Journal of Heat and Mass Transfer, Vol. 80, pp. 789-801, 2015.

[9] M. Maerefat, S. Y. Mahmoudi, K. Mazaheri, Numerical simulation of forced
convection enhancement in pipe by porous inserts, Heat Transfer
Engineering, Vol. 32, No. 1, pp. 45-56, 2011.

[10] Y. Mahmoudi, N. Karimi, Numerical investigation of heat transfer
enhancement in pipe partially filled with porous material under local
thermal non-equilibrium condition, International Journal of Heat and
Mass Transfer, Vol. 68, pp. 161-173, 2014.

[11] M. Dehghan, M. T. Jamal-Abad, S. Rashidi, Analytical interpretation of the
local thermal non-equilibrium condition of porous media imbedded in
tube heat exchangers, Energy Conversion and Management, Vol. 85, pp.
264-271, 2014.

[12] M. Dehghan, M. S. Valipour, S. Saedodin, Perturbation analysis of the
local thermal non-equilibrium condition in fluid-saturated porous
medium bounded by an iso-thermal channel, Transport in porous media,
Vol. 102, No. 2, pp. 139-152, 2014.

[13] Y.-T. Yang, M.-L. Hwang, Numerical simulation of turbulent fluid flow
and heat transfer characteristics in heat exchangers fitted with porous
media, International Journal of Heat and Mass Transfer, Vol. 52, No. 13,
pp. 2956-2965, 2009.

[14] M. Maerefat, M. Nikkhah, Numerical simulation of turbulent flow in
pipe partially porous, Shrift mechanical engineering Vol. 3-27, pp. 7,
2010. (in Persian)

[15] M. Nimvari, M. Maerefat, M. El-Hossaini, Numerical simulation of
turbulent flow and heat transfer in channel partially filled with
porous media, International Journal of Thermal Sciences, Vol 60, pp. 131-
141, 2012.

[16] M. Kaviany, Principles of heat transfer in porous media Springer-Verlag,
1991.

[17] S. Kakac, Y. Yener, A. Pramuanjaroenkij, Convective heat transfer CRC
press, 2013.

[18] J. P. H. W.M. Rohsenow, Handbook of Heat Transfer, 1998.
[19] D.-Y. Lee, K. Vafai, Analytical characterization and conceptual

assessment of solid and fluid temperature differentials in porous media,
International Journal of Heat and Mass Transfer, Vol. 42, No. 3, pp. 423-
435, 1999.

[20] Y. Mahmoudi, M. Maerefat, Analytical investigation of heat transfer
enhancement in channel partially filled with porous material under
local thermal non-equilibrium condition, International Journal of
Thermal Sciences, Vol. 50, No. 12, pp. 2386-2401, 2011.

[21] D. Nield, A. Kuznetsov, Local thermal nonequilibrium effects in forced
convection in porous medium channel: conjugate problem,
International journal of heat and mass transfer, Vol. 42, No. 17, pp. 3245-
3252, 1999.

[22] D. Nield, A. Kuznetsov, M. Xiong, Effect of local thermal non-equilibrium
on thermally developing forced convection in porous medium,
International Journal of Heat and Mass Transfer, Vol. 45, No. 25, pp.
4949-4955, 2002.

[23] M. H. Pedras, M. J. de Lemos, Macroscopic turbulence modeling for
incompressible flow through undeformable porous media, International
Journal of Heat and Mass Transfer, Vol. 44, No. 6, pp. 1081-1093, 2001.

[24] M. J. De Lemos, Turbulence in porous media: modeling and applications
Elsevier, 2012.

[25] A. A. Mohamad, G. Karim, Flow and heat transfer within segregated beds
of solid particles, Journal of Porous Media, Vol. 4, No. 3, 2001.

[26] C. Y. Choi, P. M. Waller, Momentum transport mechanism for water flow
over porous media, Journal of Environmental Engineering, Vol. 123, No. 8,
pp. 792-799, 1997.

[27] K. Vafai, S. J. Kim, Forced convection in channel filled with porous
medium: an exact solution, Journal of heat transfer, Vol. 111, No. 4, pp.
1103-1106, 1989.

[28] Y. Cengel, Introduction to Thermodynamics and Heat Transfer+ EES
Software New York: McGraw Hill Higher Education Press, 2007.

[29] H.-C. Chan, W. Huang, J.-M. Leu, C.-J. Lai, Macroscopic modeling of
turbulent flow over porous medium, International Journal of Heat and
Fluid Flow, Vol. 28, No. 5, pp. 1157-1166, 2007.

[30] S. Patankar, Numerical heat transfer and fluid flow CRC Press, 1980.
[31] H. K. Versteeg, W. Malalasekera, An introduction to computational fluid

dynamics: the finite volume method Pearson Education, 2007.
[32] J. H. Ferziger, M. Peri Computational methods for fluid dynamics

Springer Berlin, 2002.
[33] R. A. Silva, M. J. de Lemos, Turbulent flow in channel occupied by

porous layer considering the stress jump at the interface, International
Journal of Heat and Mass Transfer, Vol. 46, No. 26, pp. 5113-5121, 2003.

[34] P. H. Carvalho, M. J. de Lemos, Turbulent free convection in porous
cavity using the two-temperature model and the high Reynolds closure,
International Journal of Heat and Mass Transfer, Vol. 79, pp. 105-115,
2014.

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
20

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.20.6
https://mme.modares.ac.ir/article-15-3475-fa.html
http://www.tcpdf.org

