
134
EAST EUROPEAN JOURNAL OF PHYSICS. 4. 134-142 (2024)

DOI:10.26565/2312-4334-2024-4-12 ISSN 2312-4334

RADIATION EFFECT ON MHD FREE CONVECTIVE FLOW PAST A SEMI-INFINITE POROUS 
VERTICAL PLATE THROUGH POROUS MEDIUM1 

Sweety Sharmaa, Kangkan Choudhurya*, Harun Al Rashidb 
aDepartment of Mathematics, University of Science and Technology Meghalaya, India 

bDepartment of Mathematics, Bilasipara College, Assam, India 
Corresponding Author e-mail: kangkan22@gmail.com 

Received September 9, 2024; revised November 8, 2024; accepted November 15, 2024 

The study of MHD heat and mass transfer dissipative free convective flow past a semi-infinite porous vertical plate through porous 
medium in presence of thermal radiation is considered. The novelty of the present work is to examine radiation effect (Rosseland 
Approximation) on the flow transport characteristics. The equations governing the flow of heat and mass transfer are solved by 
asymptotic series expansion method to evaluate the expressions for velocity, temperature, concentration fields, skin-friction, rate of 
heat and mass transfer. The influence of various physical parameters on the flow is discussed through graphs and in tabular form. It is 
found that an increase in radiation parameter to decrease the velocity and temperature. Further, it is seen that the skin -friction at the 
plate decreased with increasing values of radiation parameter. 
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1. INTRODUCTION
The motion of fluid due to buoyancy forces is known as free or natural convection that occurs in the region of hot 

and cold through the method of heat transfer. Heat transfer is a exchange of energy through conduction, convection or 
radiation from high to low where conduction is through solid materials, convection is through liquids and gases and 
radiation is through electromagnetic waves. Mass transfer is the net movement of mass from one point to another. MHD 
refers to electrically conducting motion of fluids and nowadays it plays an important role in the application field of 
engineering and biomedical sciences. 

Many authors contributed some works related to the MHD heat and mass transfer problems. Some of them are 
Jaluria [1], Javaherdeh et.al [2], Raju et al. [3], etc. The unsteady MHD free convection flow past a vertical plate with 
thermal diffusion and chemical reactions have been discussed by Hossain et.al [4]. Lavanya [5] analyzed the radiation 
and chemical reaction effects on a steady laminar forced convection flow of a viscous incompressible electrical conducting 
fluid over a plate embedded in a porous medium in the presence of heat generation. An exact solution of unsteady MHD 
free convective mass transfer flow past an infinite inclined plate embedded in a saturated porous medium has been 
presented by Agarwalla et.al [6]. Chamkha et.al [7] considered the problem of coupled heat and mass transfer by natural 
convection from a vertical, semi-infinite flat plate embedded in a porous medium.  Sharma et.al [8] also considered the 
Soret and Dufour effects on unsteady MHD mixed convection flow past an infinite radiative vertical porous plate 
embedded in a porous medium in presence of chemical reaction. The investigation of Dufour effect and radiation effects 
on unsteady MHD free convection flow past an impulsively started infinite vertical plate with variable temperature and 
uniform mass diffusion in the presence of transverse applied magnetic field through porous medium is carried out by 
Prakash et.al [9]. Thermal radiative effects on moving infinite vertical plate in the presence of variable temperature and 
mass diffusion is considered by Muthucumaraswamy [10]. Ahmed e.al [11] also investigated the effect of thermal 
diffusion on unsteady free convective flow of an electrically conducting fluid over an infinite vertical oscillating plate 
immersed in porous medium. Seth et.al [12] investigated the unsteady hydromagnetic natural convection flow with heat 
and mass transfer of a viscous, incompressible, electrically conducting, chemically reactive and optically thin radiating 
fluid past an exponentially accelerated moving vertical plate with arbitrary ramped temperature is carried out with Laplace 
transform technique. The problem of a hydromagnetic convective flow of an electrically incompressible viscous 
conducting fluid past a uniformly moving vertical porous plate is investigated by Chamuah et.al [13]. An attempt has 
been made by Ahmed et.al [14] to perform a finite difference analysis to study the effects of the magnetic field, thermal 
radiation, Reynold’s number, chemical reaction and of dissipating heat on the MHD transient dissipative flow past a 
suddenly started infinite vertical porous plate with ramped wall temperature. Ahmed et .al [15] also studied theoretically 
a three-dimensional mixed convective mass transfer flow past a semi-infinite vertical plate embedded in a porous medium. 
To analyze the effects of various parameters such as Soret and Dufour effects, chemical reaction, magnetic field, porosity 
on the fluid flow and heat and mass transfer of an unsteady Casson fluid flow past a flat plate is considered by Das 
et.al [16]. Kataria et.al [17] is considered with the study of flow, heat and mass transfer characteristics in the unsteady 
natural convective magnetohydrodynamics Casson fluid flow past over an oscillating vertical plate. Babu et.al [18] carried 
out to study the effects radiation and heat sink. Ragunath et.al [19] considered the heat and mass transfer on MHD flow 
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through porous medium between two vertical plates. The study of the heat and mass transfer on MHD boundary layer 
flow of a viscous incompressible and radiating fluid over an exponentially stretching sheet is carried out by Devi et.al 
[20]. Ravikumar et.al [21] investigated the heat and mass transfer effects on MHD flow of viscous incompressible and 
electrically conducting fluid through a non-homogeneous porous medium in presence of heat source, oscillatory suction 
velocity is considered. Very recently Mopuri et.al [22] investigated in the presence of a diffusion thermal and coupled 
magnetic field effect, this manuscript seeks continuous free convective motion by a viscous, incompressible fluid that 
conducts electrically past a sloping platform via a porous medium. By using perturbation technique, Choudhury et.al [23] 
investigated the heat and mass transfer in MHD convective flow past an infinite plate, through a porous media in presence 
of radiation, diffusion-thermo effect, and heat sink.  

The main objective of the present work is to investigate the effects of diffusion-thermo and heat sink in MHD free 
convective flow through a porous media in presence of thermal radiation (Rosseland Approximation). The equations 
governing the flow, heat and mass transfer are transformed into non-dimensional forms by using some similarity 
parameters. The perturbation technique is used to solve the non-dimensional governing equations and the results obtained 
have been discussed through graphs and tables. 

 
2. MATHEMATICAL FORMULATION 

The equations which describe the motion of steady, incompressible, viscous, electrically conducting fluid in the 
existence of a uniform magnetic field in vector form are as: 
Equation of continuity: 

 ∇.ሬሬሬ⃗ 𝑞⃗ ൌ 0. (1) 

Gauss’s law of magnetism: 

 ∇ሬሬ⃗ ∙ 𝐵ሬ⃗ ൌ 0. (2) 

Ohm’s law: 

 𝐽 ൌ 𝜎൫𝐸ሬ⃗ ൅ 𝑞⃗ ൈ 𝐵ሬ⃗ ൯. (3) 

Momentum equation: 

 𝜌൫𝑞⃗ ∙ ∇ሬሬ⃗ ൯𝑞⃗ ൌ 𝜌𝑔⃗ − ∇ሬሬ⃗ 𝑝 ൅ 𝐽 ൈ 𝐵ሬ⃗ ൅ 𝜇∇ଶ𝑞⃗ − ఓ௤ሬ⃗௄ᇲ . (4) 

Energy equation 

 𝜌𝐶௣൫𝑞⃗ ∙ ∇ሬሬ⃗ ൯𝑇 ൌ 𝜅∇ଶ𝑇 ൅ 𝜑 ൅ ௃⃗మఙ ൅ ఘ஽ಾ௄೅஼ೄ ∇ଶ𝐶 ൅ 𝑄ᇱ൫்ᇲି்ᇲಮ൯ − ∇ሬሬ⃗ ∙ 𝑞⃗௥. (5) 

Species continuity equation: 

 ൫𝑞⃗ ∙ ∇ሬሬ⃗ ൯𝐶𝛼 ൌ 𝐷ெ∇ଶ𝐶 ൅ 𝐾ഥ𝑐ሺ𝐶ஶ − 𝐶ሻ. (6) 

Equation of state: 

 𝜌ஶ ൌ 𝜌ൣ1 ൅ 𝛽ሺ𝑇 − 𝑇ஶሻ ൅ 𝛽̅ሺ𝐶 − 𝐶ஶሻ൧. (7) 

All the physical quantities are defined in the list of symbols. 
We consider the two-dimensional natural convective flow of viscous, steady, incompressible, and radiating fluid 

through a porous vertical plate with uniform suction. The investigation is based on the following basic premises: 
1. The entire fluid properties excluding the density are constant. 
2. The plate is electrically insulated. 
3. No external electric field is applied to the system. 
4. Fluid motion is parallel to the plate. 
We now introduce a Cartesian coordinate system (x’, y’, z’) with x’-axis along the plate in the upward vertical 

direction, y’-axis normal to the plate directed into the fluid region, and z’-axis along the width of the plate and the induced 
magnetic field is negligible. A uniform magnetic field 𝐵ሬ⃗ ° ൌ ሺ0,𝐵°, 0ሻ is applied transversely to the plate, along the y-axis. 
The fluid is subjected to a constant heat flux at the plate. With usual boundary layer conditions and above assumptions, 
we have the boundary layer equations as 
Continuity Equation  
 డ௩ᇲడ௬ᇲ ൌ 0. (8) 

MHD Equation 

 𝑣ᇱ డ௨ᇲడ௬ᇲ ൌ 𝑔𝛽ሺ𝑇ᇱ − 𝑇ᇱஶሻ ൅ 𝑔𝛽ሺ𝐶ᇱ − 𝐶ᇱஶሻ ൅ 𝑣 డమ௨ᇲడ௬ᇲమ − ఙ஻°మ௨ᇲఘ − ௩௨ᇲ௄ᇲ . (9) 
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Energy Equation  

 𝜌𝐶௉𝑣ᇱ డ்ᇲడ௬ᇲ = 𝜅 డమ்ᇲడ௬ᇲమ + 𝜇 ቀడ௨ᇲడ௬ᇲቁଶ + 𝜎𝐵°ଶ𝑢ᇱଶ − డ௤ᇲೝడ௬ᇲ − 𝑄ᇱ൫்ᇲି்ᇲಮ൯ + ఘ஽ಾ௄೅஼ೄ డమ஼ᇲడ௬ᇲమ. (10) 

Species continuity equation 

 𝑣ᇱ డ஼ᇲడ௬ᇲ = 𝐷ெ డమ஼ᇲడ௬ᇲమ + 𝐾ഥ஼ሺ𝐶ஶᇱ − 𝐶ᇱሻ. (11) 

The relevant boundary conditions are: 

 y’=0 :   u’=U,  డ்ᇱడ௬ᇱ = −௤∗఑ ,  C’=𝐶′௪ (12) 

 y’→ ∞ :  u’→ 0, T’→ 𝑇′ஶ, C’→ 𝐶′ஶ (13) 

Equation (8) yields 

 v’= a constant= −𝑉଴ሺ𝑉଴ > 0ሻ . (14) 

To make the mathematical model normalized, the following non-dimensional parameters are introduced 𝑦 = ௏బ௬ᇱణ , 𝑢 = ௨ᇲ௎ , 𝜃 = ்ᇲି்ᇲಮ೜∗ೡഉೡబ , ∅ = ஼ᇲି஼ಮᇲ஼ᇲೢ ି஼ಮᇲ , 𝐺𝑟 = ௩మ௚ఉ௤∗఑௎௏బయ , 𝐸 = ఘ௎మ௏బ௤∗ , 𝑃𝑟 = ఓ஼ು఑ , 𝐾஼ = ௄ഥ௖௩௏బమ , 𝐺𝑚 = ௚ఉഥ൫஼ᇲೢ ି஼ಮᇲ ൯௎௏బమ , 𝑆𝑐 = ௩஽ಾ, 𝐾 = ௩௄ᇲ௎௏బమ, 𝑀 = ఙ஻బమ௩ఘ௏బమ , 𝑅 = ସ௩ூ∗ఘ஼ು௤∗௏బమ, 𝑄 = ொᇲ௩ఘ஼ು௏బమ, 𝐷𝑢 = ஽ಾ௄೅௏బ఑൫஼ᇲೢ ି஼ಮᇲ ൯஼ೄ஼ು௩మ௤∗  

Radiative heat flux under Rosseland Approximation 𝑞⃗௥ = − 4𝜎∗3𝐾∗  ∇ሬሬ⃗ 𝑇ସ 𝑇ସ = ሺ𝑇 − 𝑇ஶ + 𝑇ஶሻସ = ሾ𝑇ஶ + ሺ𝑇 − 𝑇ஶሻሿସ = 𝑇ஶସ + 4𝑇ஶଷሺ𝑇 − 𝑇ஶሻ = 𝑇ஶସ + 4𝑇ஶଷ𝑇 − 4𝑇ஶସ = 4𝑇ஶଷ𝑇 − 3𝑇ஶସ  

Therefore, ∇ሬሬ⃗ ∙ 𝑞⃗௥ = − 4𝜎∗3𝐾∗ ∇ଶ𝑇ସ = − 4𝜎∗3𝐾∗ 4𝑇ஶଷ∇ଶ𝑇 𝜕𝑞௥∗𝜕𝑦∗ = − 16𝜎∗𝑇ஶଷ3𝐾∗ ∇ଶ𝑇 

Where 𝜎∗ and 𝐾∗ are respectively the Seltan-Boltzmann constant and the mean absorption coefficient. 
In dimensionless form, the governing equations are as follows: 

 ௗమ௨ௗ௬మ + ௗ௨ௗ௬ − 𝜆ଵ𝑢 = −𝐺𝑟𝜃 − 𝐺𝑚∅. (15) 

 ௗమఏௗ௬మ + 𝜆ଷ ௗఏௗ௬ − 𝜆ସ𝜃 = −ொ಴ఒమ 𝑢ଶ − ா಴ఒమ 𝑢ᇱమ − ஽௨௉௥ఒమ ௗమథௗ௬మ. (16) 

 ௗమ∅ௗ௬మ + 𝑆𝑐 ௗ∅ௗ௬ − 𝐾஼𝑆𝑐∅ = 0. (17) 

Where 𝜆ଵ = 𝑀 + ଵ௄ , 𝜆ଶ = 1 + ସଷோ , 𝜆ଷ = ௉௥ఒమ  and  𝜆ସ = ொ௉௥ఒమ ; 
with boundary conditions 

 𝑦 = 0 ∶ 𝑢 = 1, ௗఏௗ௬ = −1,∅ = 1, (18) 

 𝑦 → ∞ ∶ 𝑢 → 0,𝜃 → 0,∅ → 0. (19) 
 

3. METHOD OF SOLUTION 
The solution of (17) under its boundary conditions (18) and (19) is 

                                         ∅ሺ𝑦ሻ = 𝑒ିୟభ௬ , where aଵ = ௌ௖ାඥௌ௖మାସௌ௖௄௖ଶ . (20) 
But the system of equations (15) and (16) are non-linear. Assuming the asymptotic form of the solutions to equations 

(15) and (16) are as follows:  

 𝑢 = 𝑢଴ሺ𝑦ሻ + 𝐸஼𝑢ଵሺ𝑦ሻ + 𝑂ሺ𝐸஼ଶሻ, (21) 

 𝜃 = 𝜃଴ሺ𝑦ሻ + 𝐸஼𝜃ଵሺ𝑦ሻ + 𝑂ሺ𝐸஼ଶሻ. (22) 
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Here, E denotes the Eckert number (E<< 1). By substituting equations (21)-(22) into equations (15)-(16) and equating the 
coefficient values of similar terms while neglecting the terms of O(𝐸ଶ), the following equations are derived. 

 ௗమ௨బௗ௬మ + ௗ௨బௗ௬ − 𝜆ଵ𝑢଴ = −𝐺𝑟𝜃଴ − 𝐺𝑚∅଴, (23) 

 ௗమఏబௗ௬మ + 𝜆ଷ ௗఏబௗ௬ − 𝜆ସ𝜃଴ = −𝐴ௗమ∅బௗ௬మ , (24) 

 ௗమ௨భௗ௬మ + ௗ௨భௗ௬ − 𝜆ଵ𝑢ଵ = −𝐺𝑟𝜃ଵ, (25) 

 ௗమఏభௗ௬మ + 𝜆ଷ ௗఏభௗ௬ − 𝜆ସ𝜃ଵ = −𝐵𝑢଴ଶ − 𝐶𝑢଴ᇱమ. (26) 

Subject to the boundary conditions 

 𝑦 = 0 ∶  𝑢଴ = 1; 𝜃଴ᇱ = −1; 𝑢ଵ = 0; 𝜃ଵᇱ = 0; (27) 

 𝑦 → ∞ ∶  𝑢଴ → 0; 𝜃଴ → 0; 𝑢ଵ → 0; 𝜃ଵ → 0. (28) 

The solutions to the equations (23)-(26) under the conditions (27) and (28) are 

 𝜃଴ = 𝐾ଵ𝑒ି௔మ௬ − 𝑆ଵ𝑒ି௔భ௬                                     (29) 

 𝑢଴ = 𝐾ଶ𝑒ି௔య௬ − 𝑆ଶ𝑒ି௔మ௬ + 𝑆ଷ𝑒ି௔భ௬                     (30) 

 𝜃ଵ = 𝐾ଷ𝑒ି௔ళ௬ − 𝑆ସ𝑒ିଶ௔య௬ − 𝑆ହ𝑒ିଶ௔మ௬ − 𝑆଺𝑒ିଶ௔భ௬ + 𝑆଻𝑒ି௔ర௬ + 𝑆଼𝑒ି௔ఱ௬ − 𝑆ଽ𝑒ି௔ల௬, (31) 

 𝑢ଵ = 𝐾ସ𝑒ି௔ఴ௬ − 𝑆ଵ଻𝑒ି௔ళ௬ + 𝑆ଵ଼𝑒ିଶ௔య௬ + 𝑆ଵଽ𝑒ିଶ௔మ௬ + 𝑆ଶ଴𝑒ିଶ௔భ௬ − 𝑆ଶଵ𝑒ି௔ర௬ − 𝑆ଶଶ𝑒ି௔ఱ௬ + 𝑆ଶଷ𝑒ି௔ల௬, (32) 

where 𝑎ଶ = 𝜆ଷ + ඥ𝜆ଷଶ + 4𝜆ସ2  ,𝑎ଷ = 1 + ඥ1 + 4𝜆ଵ2  ,𝑎ସ = 𝑎ଷ + 𝑎ସ , 𝑎ହ = 𝑎ଶ + 𝑎ଵ ,𝑎଺ = 𝑎ଵ + 𝑎ଷ , 𝐾ଵ = 1−𝑚ଶ ሺ1 + 𝑆ଵ𝑎ଵሻ , 𝑆ଵ = 𝐴𝑎ଵଶ𝑎ଵଶ − 𝜆ଷ𝑎ଵ − 𝜆ସ  ,𝐾ଶ = 1 + 𝑆ଶ − 𝑆ଷ , 
𝑆ଶ = 𝐷𝑎ଶଶ − 𝑎ଶ − 𝜆ଵ  , 𝑆ଷ = 𝐸𝑎ଵଶ − 𝑎ଵ − 𝜆ଵ  , 𝑆ସ = 𝐹4𝑎ଷଶ − 2𝑎ଷ𝜆ଷ − 𝜆ସ , 
𝑆ହ = 𝐺4𝑎ଶଶ − 2𝑎ଶ𝜆ଷ − 𝜆ସ  , 𝑆଺ = 𝐻4𝑎ଵଶ − 2𝑎ଵ𝜆ଷ − 𝜆ସ  , 𝑆଻ = 𝐼𝑎ସଶ − 𝑎ସ𝜆ଷ − 𝜆ସ , 
𝑆଼ = 𝐽𝑎ହଶ − 𝑎ହ𝜆ଷ − 𝜆ସ  , 𝑆ଽ = 𝐾𝑎଺ଶ − 𝑎଺𝜆ଷ − 𝜆ସ  , 𝑆ଵ଴ = 𝐺𝑟𝐾ଷ , 𝑆ଵଵ = 𝐺𝑟𝑆ସ , 𝑆ଵଶ = 𝐺𝑟𝑆ହ , 𝑆ଵଷ = 𝐺𝑟𝑆଺ , 𝑆ଵସ = 𝐺𝑟𝑆଻ , 𝑆ଵହ = 𝐺𝑟𝑆଼ , 𝑆ଵ଺ = 𝐺𝑟𝑆ଽ, 𝑆ଵ଻ = 𝑆ଵ଴𝑎଻ଶ − 𝑎଻ − 𝜆ଵ  , 𝑆ଵ଼ = 𝑆ଵଵ4𝑎ଷଶ − 2𝑎ଷ − 𝜆ଵ  , 𝑆ଵଽ = 𝑆ଵଶ4𝑎ଶଶ − 2𝑎ଶ − 𝜆ଵ , 
𝑆ଶ଴ = 𝑆ଵଷ4𝑎ଵଶ − 2𝑎ଵ − 𝜆ଵ  , 𝑆ଶଵ = 𝑆ଵସ𝑎ସଶ − 𝑎ସ − 𝜆ଵ  , 𝑆ଶଶ = 𝑆ଵହ𝑎ହଶ − 𝑎ହ − 𝜆ଵ , 
𝑆ଶଷ = 𝑆ଵ଺𝑎଺ଶ − 𝑎଺ − 𝜆ଵ  ,𝐾ଷ = 1𝑚ଶ ሺ2𝑎ଷ𝑆ସ + 2𝑎ଶ𝑆ହ + 2𝑎ଵ𝑆଺ − 𝑎ସ𝑆଻ − 𝑎ହ𝑆଼ + 𝑎଺𝑆ଽሻ , 𝐾ସ = 𝑆ଵ଻ − 𝑆ଵ଼ − 𝑆ଵଽ − 𝑆ଶ଴ + 𝑆ଶଵ + 𝑆ଶଶ − 𝑆ଶଷ ,𝐷 = 𝐺𝑟𝐾ଵ ,𝐸 = 𝐺𝑟𝑆ଵ − 𝐺𝑚 , 𝐹 = 𝐵𝐾ଶଶ + 𝐶𝑎ଷଶ𝐾ଶଶ ,𝐺 = 𝐵𝑆ଶଶ + 𝐶𝑎ଶଶ𝑆ଶଶ ,𝐻 = 𝐵𝑆ଷଶ + 𝐶𝑎ଵଶ𝑆ଷଶ , 𝐼 = 2𝐵𝐾ଶ𝑆ଶ + 2𝐶𝐾ଶ𝑆ଶ𝑎ଷ𝑎ଶ , 𝐽 = 2𝐵𝑆ଶ𝑆ଷ + 2𝐶𝑆ଶ𝑆ଷ𝑎ଶ𝑎ଵ ,𝐾 = 2𝐵𝑆ଷ𝐾ଶ + 2𝐶𝑆ଷ𝐾ଶ𝑎ଵ𝑎ଷ . 

 
3.1. Skin friction 

The coefficient of skin friction is a dimensionless quantity obtained from the shear stress at the wall given by 
Newton’s law of viscosity  𝜏଴ = −𝜇∇ሬሬ⃗ 𝑢ᇱ , 
where 𝜏଴ is the shear stress. 
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The coefficient of skin friction is given by 𝜏 = −ௗ௨ௗ௬ |𝑦ୀ଴ = −ሾ𝐾ଶ𝑎ଷ + 𝑆ଶ𝑎ଶ − 𝑆ଷ𝑎ଵ + 𝐸஼ሺ−𝐾ସ𝑎଼ + 𝑆ଵ଻𝑎଻ − 2𝑆ଵ଼𝑎ଷ − 2𝑆ଵଽ𝑎ଶ − 2𝑆ଶ଴𝑎ଵ + 𝑆ଶଵ𝑎ସ + 𝑆ଶଶ𝑎ହ − 𝑆ଶଷ𝑎଺ሻሿ . (33) 
 

3.2. Plate temperature 
The dimensionless temperature field is given by, 𝜃ሺ𝑦ሻ = 𝜃଴ሺ𝑦ሻ + 𝐸஼𝜃ଵሺ𝑦ሻ. 
The non-dimensional plate temperature is given by,  

 𝜃௪ = 𝜃଴ሺ0ሻ + 𝐸஼𝜃ଵሺ0ሻ. (34) 
 

3.3. Sherwood number 
Sherwood number represents the ratio of the convective mass transfer to the rate of diffusive mass transport. It is a 
dimensionless quantity obtained from Fick’s law of diffusion: 𝐽 = −𝐷ெ∇ሬሬ⃗ 𝐶ᇱ , 
where J is the diffusion flux. 

The rate of mass transfer in terms of Sherwood number is given by 

 𝑆ℎ = ௗ∅ௗ௬ |𝑦ୀ଴    = −𝑎ଵ.   (35) 
 

3.4. Nusselt number 
The rate of heat transfer in terms of the Nusselt number quantified by Fourier’s law of conduction is as follows:  𝑞⃗ = −𝜅∇ሬሬ⃗ 𝑇ᇱ , 

where 𝑞⃗ is the heat transfer rate. 
Nusselt number is defined as 

 ௗఏௗ௬ |𝑦ୀ଴  = ሾ−𝐾ଵ𝑎ଶ + 𝑆ଵ𝑎ଵ + 𝐸஼ሺ−𝐾ଷ𝑎଻ + 2𝑆ସ𝑎ଷ + 2𝑆ହ𝑎ଶ + 2𝑆଺𝑎ଵ − 𝑆଻𝑎ସ − 𝑆଼𝑎ହ + 𝑆ଽ𝑎଺ሻሿ. (36) 
 

4. RESULTS AND DISCUSSIONS 
The diffusion-thermo effect in MHD convective flow past a vertical plate through a porous media in presence of 

heat sink and thermal radiation have been presented in this work. Computational estimations of velocity, temperature and 
concentration for a variety of relevant non-dimensional flow parameters have been obtained to establish the physical 
relevance of the problem and graphically presented in Figures 1-10. In the Table 1, the numerical calculations that depict 
the effects of the flow parameters on skin friction and rate of heat transfer (at plate temperature) have been tabulated. In 
this section, the effects of the magnetic field, thermal Grashof number, mass Grashof number, permeability parameter, 
Schmidt number, Prandtl number, Dufour number, heat sink and radiation parameter are discussed. The default values for 
the flow parameters as Pr = 0.71, Sc =0.6, R =5, 𝐾஼ = 5, Du =0.10, Gr =10, Gm =5, M =1.5, K =1, E =0.01, Q =5. 

  
Figure 1. Velocity profile for variations in R 

when Pr = 0.71; Q = 5; Du = 0.1; Sc = 0.6; Kc=1; M = 1.5; 
Gr = 10; Gm = 5; E = 0.01; k = 1 

Figure 2. Velocity profile for variations in M 
When Pr = 0.71; R = 1; Q = 5; Du = 0.1; Sc = 0.6; Kc = 1; 

Gr = 10; Gm = 5; E = 0.01; k = 1 

The effects of radiation parameter R on the fluid velocity indicates by Figure 1. It may be noted to determine the 
relative importance of thermal energy on the fluid flow, the radiation parameter is used. Thermal energy results in a fall 
in thermal energy, which then depicts a loss in the fluid of kinetic energy, as a result of which the fluid velocity decreases. 
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The significance of the application of the magnetic field in a fluid flow display in Figure 2 and from the figure it is 
observed that as the value magnetic field parameter M increases the fluid velocity declines. This results that when a 
magnetic field is applied to an electrically conducting fluid, a resistive type of force is generated known as Lorentz force 
which has the tendency to retard the fluid motion. 
Table 1. Skin friction 𝜏 at the plate for the values of M = 1.5; Pr = 0.71; Q = 5; Du = 0.1; Sc = 0.6; Kc = 1; Gr = 10;  Gm = 5; E = 
0.01; k = 1 

M k R Du 𝝉 
2 1 1 0.1 1.4338 
4 1 1 0.1 1.2055 
6 1 1 0.1 0.0980 

1.5 1 1 0.1 1.9428 
1.5 2 1 0.1 2.5402 
1.5 3 1 0.1 2.7655 
1.5 1 5 0.1 1.2370 
1.5 1 10 0.1 1.1033 
1.5 1 15 0.1 1.0573 
1.5 1 1 0.1 1.9428 
1.5 1 1 0.2 1.0514 
1.5 1 1 0.3 0.1601 

Figure 3 depicts the effects of permeability. Fluid velocity is increased with the increasing values of the permeability 
parameter. Figure 4 and Figure 5 respectively shows the effects of the thermal Grashof number Gr and mass Grashof 
number Gm. The ratio of thermal buoyancy force and viscous hydrodynamic force in the boundary layer is the Thermal 
Grashof number. The thermal buoyancy force dominates over the viscosity of the fluid as Gr increases. Likewise. The 
mass Grashof number is the relative effect of mass buoyancy force and viscous hydrodynamic force and thus the fluid 
motion enhances with the increase of Gm. 

  
Figure 3. Velocity profile for variations in k 

when Pr = 0.71; R = 1; Q = 5; Du = 0.1; Sc = 0.6; Kc = 1; M = 
1.5; Gr = 10; Gm = 5; E = 0.01 

Figure 4. Velocity profile for variations in Gr 
when Pr = 0.71; R = 1; Q = 5; Du = 0.1; Sc = 0.6; Kc = 1; M 

= 1.5; E = 0.01; k =1 

 
Figure 5. Velocity profile for variations in Gm  

when Pr = 0.71; R =1; Q =5; Du = 0.1; Sc= 0.6; Kc =1; M = 1.5; Gr = 10; E = 0.01; k = 1 
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The Figures 6-8 displays the effects of various parameters on temperature. Figure 6 indicates that due to thermal 
radiation the temperature of the fluid diminishes. This result qualitatively meets the expectations as the effect of radiation 
is to decrease the rate of energy transport to the fluid, thereby decreasing the temperature of the fluid. A fall in temperature 
profile occurs with heat absorption which is demonstrated in Figure 7.  Figure 8, depicts the Dufour’s effect on the 
temperature profile. It is obvious that the temperature of the fluid falls with the diffusion-thermo effect. All these figures 
clearly indicates that at the plate, the fluid temperature is maximum.  

In Figure 9 and Figure 10 respectively, the variations of concentration in the flow domain due to Schmidt number 
and permeability parameter are illustrated. Figure 10 displays with the increasing values of Schimdt number diminish the 
fluid concentration. Schimdt number is the ratio of the momentum diffusivity to the mass diffusivity. So, as Sc increases, 
the fluid concentration reduces. Figure 11 depicts that it lowers the concentration of the fluid as the porosity of the medium 
increases. 

  
Figure 6. Temperature profile for variations in R  

when Pr = 0.71; Q = 5; Du = 0.1; Sc = 0.6; Kc = 1; M = 1.5; Gr 
= 10; Gm = 5; E = 0.01; K =1 

Figure 7. Temperature profile for variations in Q  
when Pr = 0.71; R = 5; Du = 0.1; Sc = 0.6; Kc = 1; M = 1.5; 

Gr = 10; Gm = 5; E = 0.01; k = 1 

  
Figure 8.  Temperature profile in variations Du  

when Pr = 0.71; Q = 5; R = 5; Sc = 0.6; Kc= 1; M = 1.5; 
Gr = 10; Gm = 5; E = 0.01; k =1 

Figure 9. Concentration profile for variations in Sc 
when Kc =5 

 
Figure 10. Concentration profile for variations in Kc when Sc = 0.30 
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Table 1 shows that the change of skin friction coefficient for different values of the parameters. It is seen from the 
table that skin friction gets decreased in the increasing values of magnetic parameter, radiation and Dufour number. But 
viscous drag is increased due to the increasing values of permeability parameter. 

 
5. CONCLUSION 

The present investigation leads to the following conclusions: 
 The fluid velocity increases as the Dufour number increases whereas it decreases with thermal radiation and heat sink. 
 The fluid motion decelerates as the strength of the magnetic field increases whereas it enhances with thermal Grashof 

number and mass Grashof number. 
 The temperature of the fluid falls under the influence of Prandtl number, Dufour number, thermal radiation and heat 

absorption. 
 The concentration level of the fluid drops with the Schmidt number and permeability of the porous medium. 
 Skin friction at the plate increases as the Dufour number and heat sink parameter values increases. Viscous drag at 

the plate was reduced for increasing values of the magnetic parameter. 
 Plate temperature of the body’s surface decreased due to the effect of the Dufour number and Prandtl number. 
 

Nomenclature 𝑞⃗ fluid velocity (m/s) 𝛽̅ solutal expansion coefficient (k𝑚𝑜𝑙ିଵ) 𝐽 current density (A/𝑚ଶ) 𝑇ஶ free stream concentration (k) 𝑔⃗ acceleration vector due to gravity (m/𝑠ଶ) 𝐶ஶ free stream concentration (kmol) 𝐵ሬ⃗  magnetic flux density vector (Wb/𝑚ଶ) 𝐵଴ applied magnetic field strength (T) 𝐽ଶ 𝜎⁄  energy of ohmic dissipation per unit volume (𝐴ଶΩ/𝑚ଷ) 𝜇 viscosity coefficient (kg/m s) 𝑝 fluid pressure (N/𝑚ଶ) 𝐾 porosity parameter 𝑈 velocity of free stream (m/s) 𝑞∗ heat flux (W/𝑚ଶ) 𝐶௪ plate species concentration (kmol/𝑚ଷ) 𝑇 fluid temperature (K) 𝐶ஶ  free stream concentration (kmol/𝑚ଷ) 𝐶 concentration (kmol/𝑚ଷ) 𝐷ெ mass diffusivity (𝑚ଶ/𝑠) 𝜃 nondimensional temperature 𝐾் thermal diffusion ratio, m(kmol). ∅ nondimensional concentration 𝜌ஶ fluid density far away from the plate (kg/𝑚ଷ) 𝑔 acceleration due to gravity 𝜑 energy viscous dissipation per unit volume (J/𝑚ଶS) E Eckert number 𝐶ௌ concentration susceptibility (k𝑚𝑜𝑙ଶ𝑠ଶ/𝑚ଶ) Pr Prandtl number 𝑞⃗௥  radiation heat flux vector (W/𝑚ଶ) Q heat sink parameter 𝐾ഥ஼ first order chemical reaction rate (𝑠ିଵ) Sc Schmidt number 𝜌 fluid density (kg/𝑚ଷ) Gr thermal Grashof number 𝑣 kinematic viscosity (𝑚ଶ/𝑠) M magnetic parameter 𝜅 thermal conductivity (W/m K) Gm solutal Grashof number 𝜅∗ mean absorption coefficient (𝑚ିଵ) R radiation parameter 𝜎 electrical conductivity (Ωିଵ𝑚ିଵ) Du Dufour number 𝐸ሬ⃗  electrical field intensity vector (N/C) 𝐾஼ chemical reaction parameter 𝛽 thermal expression coefficient (𝑘ିଵ)   
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ВПЛИВ ВИПРОМІНЮВАННЯ НА МГД ВІЛЬНИЙ КОНВЕКТИВНИЙ ПОТІК ПОВЗ НАПІВНЕСКІНЧЕННУ 

ПОРИСТУ ВЕРТИКАЛЬНУ ПЛАСТИНУ ЧЕРЕЗ ПОРИСТЕ СЕРЕДОВИЩЕ 
Світі Шармаa, Кангкан Чоудхуріa, Харун Аль Рашидb 

aФакультет математики, Університет науки і технологій Мегхалая, Індія 
bДепартамент математики, коледж Біласіпара, Ассам, Індія 

Розглянуто дослідження МГД-тепломасообміну дисипативного вільного конвективного обтікання напівнескінченної пористої 
вертикальної пластини через пористе середовище за наявності теплового випромінювання. Новизна даної роботи полягає в 
дослідженні впливу випромінювання (наближення Росселанда) на транспортні характеристики потоку. Рівняння, що керують 
потоком тепло- та масообміну, розв’язуються за допомогою методу розкладання в асимптотичний ряд для оцінки виразів для 
швидкості, температури, полів концентрації, поверхневого тертя, швидкості тепло- та масообміну. Вплив різних фізичних 
параметрів на потік обговорюється за допомогою графіків і в табличній формі. Встановлено, що збільшення параметра 
випромінювання зменшує швидкість і температуру. Далі видно, що шкірне тертя на пластині зменшувалося зі збільшенням 
значень параметра випромінювання. 
Ключові слова: радіація; МГД; пористе середовище; вільна конвекція 




