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a b s t r a c t

A consistent rule, which requires the flow and heat transfer of both a numerical model and real porous
media should simultaneously satisfy the same governing equations as well as the same or consistent
transport properties, is proposed for establishing a numerical model by which the flow and heat transfer
of real porous media can be simulated. A cubic filament model (CFM) with regular geometry solid matrix
is modeled. In the procedure of modeling, transport properties of both the cubic filament model (CFM)
and real porous media, including porosity, permeability, tortuosity, specific surface, inertial coefficient,
surface heat transfer coefficient and thermal conductivity of both fluid and solid, are analyzed and devel-
oped. According to analysis of transport properties and the consistent rule, structure parameters of the
cubic filament model (CFM) are determined. To avoid complexity of determining the effective conductiv-
ity, it is proposed that solid matrix and fluid are divided into two independent control volumes for the
cubic filament model (CFM). Meanwhile, equivalent conductivity of solid matrix and average tempera-
ture differences of the source terms are derived for the cubic filament model (CFM).
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1. Introduction

Large porosity porous media with high conductivity solid
matrix (porosity of porous media larger than 0.90), such as metal
foams and metal meshes, with the high conductivity and large sur-
face area structure of the matrix, have strong enhancement of sur-
face heat transfer between solid matrix and fluid. Therefore, this
kind of porous media are widely applied in high efficient heat
exchangers, thermal management of electronic components, and
energy storage systems with phase change.

In study of flow and heat transfer for porous media, there are
two assumptions, local thermal equilibrium (LTE) assumption and
local thermal non-equilibrium (LTNE) assumption. More research-
ers pay attention to the latter. Amiri and Vafai [1], Alazmi and Vafai
[2] have respectively investigated multi-factor effect, such as dis-
persion effect, local thermal non-equilibrium effect, non-Darcian
effect and variable porosity, on forced convection flow and free sur-
face flow through porous media, in which they found that local
thermal non-equilibrium effect is more pronounced in the presence
of thermal dispersion. Viskanta [3] has adopted two-energy equa-
tion model to analyze and model transport phenomena in porous
media. Nakayama and his research team [4–8] have made extensive
investigations for two-energy equation model, including exact
solutions, tortuosity and dispersion effects, local thermal non-equi-
librium analysis and so on. Mahajan and his co-workers have inves-
tigated high porosity metal foams based on two-energy equation
model. In study of forced convection in metal foams [9], their
results indicate that thermal dispersion effect is very low for
foam–air combinations and very high for foam–water. In study of
natural convection in metal foams [10], they found that effect of
local thermal non-equilibrium is significant at high Rayleigh and
Darcy numbers. They have made comprehensive analytical and
experimental investigations for transport properties of high poros-
ity metal foams [11,12], and obtained calculating models of effec-
tive thermal conductivity, permeability and inertial coefficient
respectively. Although different expressions exist for two-energy
equation, almost all of researchers have a consistent conclusion
that a local thermal non-equilibrium (LTNE) assumption should
be adopted, and two energy equations for the solid matrix and fluid
should be respectively set up due to existent temperature differ-
ence between the matrix and fluid for porous media, especially
for large porosity porous media. LTNE assumption or two-energy

equation model is more perfect physical description for the flow
and heat transfer of porous media. But, it is very difficult to calcu-
late numerically two-energy equation model because of disorder
structure of the matrix in porous media, e.g. difficulties in partition-
ing the grids and determining the space location for both the solid
matrix and fluid, which results in incapable of obtaining fluid flow
field and temperature distributions of both fluid and solid phases.
Furthermore it has seriously restricted and influenced development
of numerical calculation of two-energy equation for porous media.

In recent year, some studies have focused on exact solutions for
two-energy equation model. Kuwahara et al. [5] proposed a ther-
mal nonequilibrium model for fluid saturated porous media based
on an effective porosity which accounts for the effects of tortuosity
and thermal dispersion on effective thermal conductivities of both
solid and fluid phases. Their exact solutions of metal foam–air
combination indicate that LTE assumption is available for isother-
mal hot and cold walls, but fail for constant heat flux walls. Yang
et al. [7] have considered a LTNE model for thermally fully devel-
oped flow within a constant heat flux tube filled with metal foam,
and obtained exact temperature profiles of both solid and fluid
phases. They have also found that Nuseelt number, as a function
of Peclet number, is a significant increase due to both high stagnant
conductivity and thermal dispersion. Yang and Vafai [13] have
found and analyzed a phenomenon of heat flux bifurcation inside
a porous medium for the first time. They obtained exact tempera-
ture profiles of both the fluid and solid phases for convection heat
transfer within a channel filled with a porous medium under a con-
stant wall heat flux boundary condition. In their other literature
[14], a transient thermal response of a packed bed has been inves-
tigated by using a LTNE model and heat flux bifurcation phenom-
enon. And exact solutions have been derived for both fluid and
solid temperature distributions under the constant wall tempera-
ture boundary condition. In addition, by analyzing the heat flux
bifurcation phenomenon, they [15] have investigated convective
heat transfer within a channel partially filled with a porous med-
ium under LTNE model, with consideration of both thermal disper-
sion and inertial effects. Exact solutions have been obtained for
fluid and solid temperature profiles and Nusselt number. All of
these studies of exact solutions for LTNE model have great signifi-
cance in mechanism research of flow and heat transfer for porous
media. However, we notice that the scope of application should be
limited for any exact solution due to some assumptions, e.g.

Nomenclature

asf specific surface
A surface area
Ck dispersion coefficient
CF inertial coefficient
c, cp specific heat
Da Darcy number
d, dp, ds filament space, pore distance and square side length
Df, DT fractal dimension
hsf interfacial heat transfer coefficient
k thermal conductivity
kd permeability
kdis thermal dispersion
L length
L0 characteristic length
Nu Nusselt number
p pressure
Pr Prandtl number
Re Reynolds number
T temperature

hTif,s intrinsic average temperature
u velocity
hui phase average velocity
V volume
xj Cartesian coordinate

Greek symbols
k pore diameter
e porosity
l dynamic viscosity
q density
v tortuosity

Subscripts and superscripts
eff effective value
f fluid
s solid
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