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     Here in this short note, we explain the hypotheses leading to the time averaged system of equations. 
In time averaged equations we can distinguish two different time scales: one is “Slow” time scales. 
The other is “Rapid or Fast” time scales. These time scales will be explained here. We use the scales of 
oscillating momentum equation in porous media: 

     Assuming 𝜹T’≪∆T, we find the scale of the oscillating velocity as:

    Also, by assuming that , which allows us to neglect the frictional (diffusive) term in the 

oscillatory momentum equation.

    Following the same procedure in the oscillator energy equation, we obtain the scale of oscillating 
temperature as:

 

     Also, In Energy equation, we may neglect the diffusion(conductive) terms under the condition:

 

    We emphasize that ω→∞. The convective oscillation terms can be neglected by the following as-
sumptions:

     The above relation is the necessary condition for small amplitude vibrations.

     By replacing the oscillatory temperature (δT’) in the convective terms, we can neglect them: 
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     The above relation gives the frequency range for obtaining high-frequency vibrations. The conditions of achieving high frequency 
vibrations in porous media are compared with those of fluid media:

Fluid Media Porous Media

Table 1: Comparison of scale analysis results in Fluid Media with those Porous Media.

References

1.	 A Bejan. “Convective Heat Transfer”. 4th edition, Wiley (2013).
2.	 A Bejan. “Heat transfer”. 2nd edtion, Wiley (2018). 
3.	 GZ Gershuni and DU Luibimov. “Thermal vibrational convection”. Wiley (1998).
4.	 K Vafai. “Handbook of Porous Media”. 2nd edition.
5.	 YP Razi, M Kittinan and A Mojtabi. “Two Different Approaches for studying the stability of the Horton-Rogers-Lapwood Problem 

under the effect of Vertical Vibration”. First Porous Media Conference, Djerba, Tunisia (2002).

https://clareus.org/csse

