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ABSTRACT: Since metallic foam will increase the performance of heat exchanger, it have 

caused many researcher's attention recently. Our research base on the model that metallic 

foams applied to heat exchanger. In this case, there is three kind of heat transfer 

mechanisms, heat conduction in fibers, heat transfer by conduction in fluid phase, and 

internal heat change between solid and fluid phases. In this paper, we first discuss the 

acceptance of applying thermal equilibrium among the two phases. then to calculate the 

dimensionless temperature profile along 7  metallic foams. The 7 samples have different 

characteristics, such as area ratio, effective conductivity, porosity, etc.
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 N o m e n c la t u r e

a :   interfacial area per unit volume of 

porous media [m
-1
]

Bi :   Biot number defined in equation

:  specific heat of  the fluid [J kg
-1
K
-1
]

D :  hydraulic diameter of the channel [m2]

 :  heat transfer coefficient[Wm-2K-1]

 H :   height of foam sample [m]

 k :  conductivity [Wm-1K-1]

 Pr :   Prandtl number of air

ppi :   pores per inch

Re :   Reynolds number based on foam 

height

q :   heat flux [Wm-2] 

T :   temperature [K]

L :  length of foam sample in flow    

direction [m]

W :   width of foam sample [m]

u :   velocity, m/s

 G e e k  s y m b o l s

 :  porosity

 :  non-dimensional transverse coordinate  

          defined in equation

 :  geometric constant defined by         

         equation

 :  nondimensional temperature

 :  ratio of the effective fluid conductivity  

         to that of the solid
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 :  parameter defined by equation

 :  porosity

 :  fluid density

 S u b s c r ip t s

eff :  effective value

f :  fluid phase

i :  internal heat exchange

s :  solid phase

∞ :  ambient

1 .  I n t r o d u c t i o n

Metallic foams have a distinct but continuous 

and rigid solid phase, and a fluid phase. as 

showed in Fig. 1.  They  are typically 

available in high porosities, also have high 

thermal conductivity and large area per unit 

volume. Resent years some researchers have 

study on the characteristics of metallic foam. 

Boomsma,K (2001), Bhattacharya, A.,V. V. 

Calmidi,  Bhattacharya, A., V. V. Calmidi, et 

al. (2002), Singh, R. and H. S. Kasana (2004) 

developed model to calculate the effective 

conductivity of foams, respectively. Energy 

equation in porous media has been considered 

as two or one by different researchers. In this 

paper, we first discuss the acceptance of 

applying thermal equilibrium among the two 

phases. then to calculate the dimensionless 

temperature profile along 7  metallic foams. 

The properties of metallic foam we used in 

this paper are listed in Table 1.

2. Problem definition

2.1 Schematic description

Consider a rectangular block of open-cell 

metal foam and heated from above with 

constant heat flux q, and the other three faces 

is thermal insulated. The block has a length L 

(25 cm) in the flow direction, Width W (15 

cm) and height H (10 cm), as shown in Fig. 

2.The air flow through the channel getting

Table 1 Properties of foams used here

 

Fig. 1 Metallic foam

heat away from heating plate at velocity u 

m/s. To simplify the problem, we make the 

following assumptions:

1. Radiation effect is neglected.

2. Constant thermal properties of the solid 

and fluid phases.

3. The foam properties are constant and 

independent of diredtion.

4. The flow is steady and fully developed.

2.2 Heat transfer model

Based on the above assumption, the 

following control equations are obtained from 

Amiri and Vafai  and Amiri et.(5,6)

Fig. 2 Schemic of problem
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Fluid phase

 ∇
        


      (1)

Solid Phase

 ∇
                      (2)

The boundary condition at the bottom of the 

channel can be written as



  

 
                         (3)

The governing equation can be rendered 

dimensionless using the following 

nondimensional variables:

  
   

  
                 (4)

where   

,

in which   is the hydraulic diameter of the 

channel.

The temperature distribution was obtained by 

D.-Y. Lee(1999). The resultant equations are

 



   





(5)

 



   







(6)

where the three parameters,  ,   and   are 

defined as

 


  
, 




,

   

The non-dimensionalized bulk mean temperatu-

re of the fluid,     can be obtained from 

equation as 

   



 


 




(7)

Nusselt numbers based on the channel hydrau-

lic diameter, D, and the effective fluid conduct-

ivity can be presented as

 



  


                 (8)

where,   

For foamed materials, there is no general mod-

el for the interfacial heat transfer coefficient, 

V. V. Calmidi (2000) So the following 

correlation developed by Zukauskas [17], which 

is valid for staggered cylinders, is used to 

estimate 

                           (9)

where   is the local Reynolds number, 

                                   

Fig. 3 Inertial heat transfer coefficient

For metal foams, the cross-section of the 

fibres is not circular and to account for this 

the shape factor,        , is 

introduced.（V. V. Calmidi(10) ).

Setting the air velocity to be 2 m/s, using Eq. 

(9), the inertial heat transfer coefficient can be 

got as Fig. 3 shown.

From Fig. 3, we can see that the most thin 
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fiber material (df=0.00025 m), sample 6 has the 

most high value of inertial heat transfer 

coefficient at the same velocity. 

under the same condition(u=1 m/s, u=2 m/s 

u=3 m/s) for every sample, using Eq. (5) and 

Eq. (6) we can got the non-dimensionalized 

temperature of both solid phase and fluid 

phase. Results for  Sample 1 and 2 are shown 

in Fig. 5 and Fig. 6, respectively.

Fig. 5 Solid and fluid phase temperature 

profiles (Sample 1)

Fig. 6 Solid and fluid phase temperature 

profiles (Sample 2)

From above, we can notice that the 

temperature difference between solid fluid 

phase is very small, that means the thermal 

equilibrium is valid for our research scope. 

And that difference will be smaller as the 

velocity increase (as Fig. 5 and Fig. 6 show) 

2.3 One thermal equation Model

From analysis above we know that, it is 

acceptable to use thermal equilibrium model to 

our case. The thermal equilibrium assumption 

allows us to replace the fluid temperature by 

the solid temperature on the right hand. N. 

Dukhan (2007) solve the equation :

   

  





 

∞



    

  

     (11)

where   

∞
，           (12)

  ，  ，  


， and 

     ，and n=1,2,3...             

Using Eq. (11) at u=2m/s, From Fig. 7 to 

Fig 13  are plotting the temperature profiles 

inside the 7 foam samples, respectively.

X means the direction of air flows, here we 

set X=0.5, 1.0, 1.5 and 2.0.

Y

Fig. 7 Temperature distribution for sample 

1 at u=2

From Fig.7 to Fig. 13, we noticed that the 

main trend is that higher effective conductivity 

cause higher heat transfer performance. That 

means among the properties of metallic foams, 

the main factor that influence the heat transfer 

when the fluid phase velocity is equals to each 

other is effective conductivities of foams.
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Fig. 8 Temperature distribution for sample 

2 at u=2

Fig. 9 Temperature distribution for 

sample 3 at velocity u=2

Fig. 10 Temperature distribution for 

sample 4 at u=2

3. Conclusions

In this paper, we took a study on the heat 

transfer in metallic foams subjected to  

constant heat flux. There are three kinds of 

heat transfer mechanisms exit, heat conduction 

Fig. 11 Temperature distribution for 

sample 5 at u=2

Fig. 12 Temperature distribution for 

sample 6 at u=2

Fig. 13 Temperature distribution for 

sample 7 at u=2

in fibers, heat transfer by conduction in fluid 

phase, and internal heat change between solid 

and fluid phases. Firstly, we discuss the 

acceptance of applying thermal equilibrium 

among the two phases. then to calculate the 
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dimensionless temperature profile along 7  

metallic foams (The properties shown in Table 

1). The result shows that the thermal 

equilibrium sumption is valid when applying 

heat exchanger applications. The result got 

under that sumption is that the effective 

conductivity of foams is main factor that 

influences heating performance. 
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