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Questionability of validation of volume average theory for mixed
convection heat transfer in porous media

Hasan Celik*, Moghtada Mobedi, Akira Nakayama
Mechanical Eng. Department, Izmir Institute of Technology, Urla, Izmir, Turkey
Shizuoka University, 3-5-1 Johoku, Naka-ku, Hamamatsu-shi, Japan

Mixed convection heat transfer (or combined forced and free convection heat transfer),
occurs when the buoyance force considerably affects forced convection. Practically, in
industry, it takes place (or intentionally appears) when the desired heat cannot be
transferred due to reasons such as high heat generation (or heat flux) and/or low required
pump/fan power. On the other hand, porous media (particularly high conductive porous
media such as metal foams) becomes popular in heat transfer enhancement field due to
high volumetric convective heat transfer coefficient and effective thermal conductivity.
The analysis of mixed convection in heat transfer has taken the attention of researchers

in recent years.

\Volume Average Method (VAM) is widely used to handle heat and fluid flow problems
in porous media. The solution of volume averaged governing equations yields volume
averaged velocity, temperature and pressure, which are imaginary quantities. In VAM,
there are volume averaged transport properties (macroscopic transport properties) such as
permeability, interfacial convective heat transfer coefficient, thermal dispersion and

thermal tortuosity whose values must be known.

In this study, the interfacial convective heat transfer coefficient and thermal dispersion
for a periodic porous medium under mixed convection is determined numerically. The
pore scale governing equations are solved computationally for a representative volume.
A detailed discussion on the effect of governing dimensionless parameters (porosity,
Reynolds and Richardson numbers) on the local and average interfacial Nusselt number

and thermal dispersion are done.
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A study on comparison of volume averaged and pore scale results
of solid/liquid phase change assisted by porous media,

ChunYang Wang, Moghtada Mobedi, Fujio Kuwahara, Akira Nakayama
Shizuoka University, 3-5-1 Johoku, Naka-ku, Hamamatsu-shi, Japan

Thermal energy storage is one of the hottest topic in the field of heat transfer. Among
many methods of thermal energy storage, solid/liquid thermal energy storage seems a
proper approach for many applications due to easy cycling, no maintenance, cheapness
and possibility of various designs based on the application. However, this method has its
own disadvantages such as late response due to low thermal conductivity of Phase
Change Materials (PCM).

Many methods for enhancement of thermal conductivity for PCM has been reported.
The use of high thermal conductive porous media (such as metal foam) can be a proper
solution, however, the selection of proper porous media is significant. The number, size
and shape of pores and cells, porosity, number of connection points to each other and
diameter of ligaments are important parameters should be designed well. Although both
conduction and convection play an important role on heat transfer during the phase
change, conduction heat transfer is the dominant mechanism for the micro-porous media
or tight permeable porous media having large surface area (such as 40 PPI aluminum

foams).

The aim of this study is to compared the results of pore scale and the volume averaged
approaches for a PCM cavity assisted with porous media. The cells (in which PCM is
located) is closed. For pore scale approach, the continuity, momentum and energy
equations are solved for PCM placed in the cells while conduction heat transfer is solved
for the porous frame during the phase change. Local thermal non-equilibrium approach
1s used to find the volume averaged temperature, and then the obtained results of pore
scale and volume averaged are compared. All surface of cavity except a side surface is
insulated. The effective thermal conductivity is directly obtained from the solution of
pore scale analysis for the case of no fluid motion. Water is used as phase change material.

The governing equations are solved by a commercial CFD solver. The comparison is



performed for different values of Rayleigh number, porosity and thermal conductivity
ratio. It is found that for analyzing such problem, two Rayleigh numbers which are pore
scale and macro-scale Ra numbers are needed. A good agreement between the pore scale

and volume averaged results is observed.
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Figure 1 Schematic view of the studied cavity with dominant conduction effect a)

domain for pore scale analysis b)the volume averaged domain
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