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Abstract 

This study delves into the impact of Soret effects on the unsteady free convection flow of an 

incompressible viscous fluid through a highly porous medium, confined by an infinitely moving vertical 

plate. The analysis considers thermal radiation, chemical reaction, and heat source influences. The 

fluid is characterized as gray, absorptive, and emissive, while not exhibiting scattering. Radiative heat 

flux is described using the Rosseland approximation within the energy equation. The dimensionless 

governing equations are solved analytically employing a perturbation technique. Through the 

investigation, the influence of various governing parameters on velocity, temperature, concentration, 

skin-friction coefficient, Nusselt number, and Sherwood number is elucidated through figures and 

tables.  

Introduction  

The study of convective heat and mass transfer within porous media has garnered significant attention 

over recent decades. This interest has been spurred by numerous thermal engineering applications 

across various fields, including geophysics, thermal engineering, insulation engineering, modeling of 

packed sphere beds, cooling of electronic systems, chemical catalytic reactors, ceramic processes, 

grain storage devices, fiber and granular insulation, petroleum reservoirs, coal combustors, 

groundwater pollution, and filtration processes. In their work, Raptis [1] introduced the presence of a 

magnetic field within a porous medium. Chen and Lin [2] explored natural convection from an 

isothermal vertical surface embedded in a thermally stratified high-porosity medium. Hayat et al. [3] 

investigated heat and mass transfer as well as slip flow of a second-grade fluid past a stretching sheet 

through a porous space. Sreevani [4] analyzed heat and mass transfer in mixed convective flow through 

a porous medium in channels with dissipative effects. The study by Yamamoto and lwamura [5] delved 

into flow with convective acceleration through a porous medium. 

The implications of this research are anticipated to provide valuable insights into comprehending the 

impact of heat and mass transfer phenomena coupled with chemical reactions. Such understanding 

holds significant relevance across various processes [6], commanding substantial attention in recent 

times. This interest is particularly pronounced in contexts like drying, surface evaporation of water 

bodies, energy transfer within wet cooling towers [7], and airflow in desert coolers. In the realm of 

chemical reaction engineering, the simultaneous occurrence of heat and mass transfer plays a pivotal 

role [8]. 

Mathematical analysis 

In this study, we explore the dynamics of an unsteady, two-dimensional laminar free convective mass 

transfer flow within a highly porous medium [9]. This flow occurs adjacent to an infinitely moving 

vertical porous plate, while factors like thermal radiation, heat generation, chemical reaction, and 

Soret effects are taken into account [10]. The fluid and the porous structure are assumed to be in a 
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state of local thermal equilibrium. Additionally, it is considered that radiation solely emanates from 

the fluid [11]. 

Continuity equation: 

 

Momentum equation: 

 

Energy equation: 

 

Diffusion equation: 
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Solution of the problem 

Solving these equations and nonlinear partial differential equations analytically in closed form is not 

feasible [12]. Nevertheless, it is possible to transform these equations into a system of ordinary 

differential equations, which lends itself to analytical solutions [13]. This transformation involves 

representing the velocity, temperature, and concentration of the fluid in proximity to the plate as 

follows: 

 

Results  

The relationship depicted in Figure 2 indicates that enhanced surface cooling leads to an augmentation 

in Gr, subsequently resulting in an increase in velocity as observed in Gc [14]. Gr represents the relative 

influence of thermal buoyancy force compared to the viscous hydrodynamic force within the boundary 

layer [15]. 



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

 
Research paper              © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 10, Spl Iss 2,   2021 

 

103 | P a g e  
 

 

 

 

Conclusion 

This paper presents a theoretical investigation aimed at comprehending the impacts of chemical 

reaction and Soret effects on the dynamics of free convective heat and mass transfer within a highly 

porous medium, while accounting for chemical reaction. The obtained results align with conventional 

flow expectations. Notably, the analysis reveals that within the boundary layer, velocity experiences 

augmentation with higher Grashof and modified Grashof numbers (buoyancy parameters). 

Furthermore, a noteworthy observation is that both velocity and concentration increase as the 

Schmidt number decreases and the chemical reaction parameter decreases. 

References 

[1] A. A. Raptis, “Flow through a porous medium in the presence of magnetic field”, International 

journal of Energy Research, Vol. 10, No. 1, pp. 97-100, (1986).  



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

 
Research paper              © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 10, Spl Iss 2,   2021 

 

104 | P a g e  
 

[2] C. K. Chen and C. R. Lin, “Natural convection from an isothermal vertical surface embedded in a 

thermally stratified high-porosity medium”, International journal of Engineering Science, Vol. 33, No. 

1, pp. 131-138, (1995).  

[3] T. Hayat, T. Javed and Z. Abbas, “Slip flow and heat transfer of a second-grade fluid past a 

stretching sheet through a porous space”, Int. J. Heat Mass Transfer, Vol. 51, No. 17-18, pp. 4528-

4534, (2008).  

[4] M. Sreevani, “Mixed convective heat and mass transfer through a porous medium in channels 

with dissipative effects”, Ph.D thesis, Sri Krishna devaraya. University, Anantapur, A. P, India.  

[5] K. Yamamoto and N. lwamura, “Flow with convective acceleration through a porous medium”, J 

Eng Math, Vol. 10, No. 1, pp. 41-54, (1976).  

[6] O.D. Makinde, “Free-convection flow with thermal radiation and mass transfer past a moving 

vertical porous plate”, Int. comm. Heat mass Transfer, Vol. 32, No. 10, pp. 1411-1419, (2005).  

[7] A. Raptis and C.V. Massals, “Flow past a plate by the presence of radiation”, Heat and Mass 

Transfer, Vol. 34, No. 2, pp. 107, (1998).    

[8] A. J. Chamkha, H. S. Takhar and V.M. Soundalgekar, “Radiation effects on free convection flow 

past a semi-infinite vertical plate with mass transfer”, Chem. Engineering journal, Vol. 84, No. 3, pp. 

335-342, (2001).  

[9] V. R. Prasad, N. B. Reddy and R. Muthucumaraswamy, “Radiation and mass transfer effect on two 

dimensional past an impulsively started infinite vertical plate”, International journal of thermal 

sciences, Vol. 46, No. 12, pp. 1251-1258, (2007).  

[10] M. A. Hossain, A. A. Alim and D. A. Rees, “The effects of radiation in free convection from a 

porous vertical plate”, Int. J. Heat and Mass transfer, Vol. 42, pp. 131, (1999).  

[11] P. O. Olanrewaju, O. T. Arulogun and K. Adebimpe K, “Internal heat generation effect on thermal 

boundary layer with a convective surface boundary condition”, American journal of fluid Dynamics, 

Vol. 2, No. 1, pp. 1-4, (2012).  

[12] M. M. Rahman, I. A. Eltayeb and S.M. Rahman, “Thermo-micropolar fluid flow along a vertyical 

permeable plate with uniform surface heat flux in the presence of heat generation”, Thermal Science, 

Vol. 13, No. 1, pp. 23-26, (2009). 

[13] R. C. Bataller, “Effects of heat source/sink, radiation and work done by deformation on the flow 

and heat transfer of a viscoelastic fluid over a stretching sheet”, Compute Math App, Vol. 53, No. 2, 

pp. 305-316, (2007).  

[14] A. A. Raptis, “Free convection and mass transfer effects on the flow past an infinite moving 

vertical porous plate with constant suction and heat source”, Astrophy. Space Sci., Vol. 86, No. 1, pp. 

43-53, (1982).  

[15] M. A. Hussain and H. S. Takhar, “Radition effect on mixed convection along a vertical plate in 

presence of heat generation or absorption”, Journal of Heat transfer, Vol. 31, No. 4, pp. 243-248, 

(1996). 

 


