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Abstract: Fluid flow over a vertical porous plate in the presence of magnetic field with hall current 

which is embedded in porous medium. The basic governing equations of the problems are 

transformed into a system of non -dimensional differential equations, by using Perturbation 

techniques. Analysis of Velocity, Temperature and concentration of fluid by using the various 

parameters like Grashof., Prandtl number, chemical reaction and magnetic parameter etc., velocity 

profile of fluid flow increases by increasing the Grashof, modified Grashof., Hall current 

parameters which are given in graphically. Temperature of the fluid flow decreases while increase 

of Prandtl number, viscous dissipation parameters etc., concentration profile are also analysis by 

using the various parameters.  Investigation results are analyzed by using the graph with 

implementation of mathematical software. The increasing of Schmidt number is decreasing the 

concentration boundary layer thickness of the flow field. While Chemical reaction parameter 

increases decrease effects of the rate of mass transfer at the wall. 

Keywords: Grashof , Heat Source,Hall Parameter, Magnetic Parameter Chemical parameter. 

1.Introduction 

Heat and mass transfer of fluid flow with hall effects has attention of many researchers in 

the present era. Especially, Hall effects play a vital role in many areas like engineering, industrial, 

bio medical etc., application of fluid flow in plasma , boundary layer in the field of aerodynamics. 

Strong magnetic field is known as Hall current. Now days Hall current plays a vital role in the 

field of fluid dynamics. Aboeldahab, E. M. and Elbarbary, E. M [1] studied the effects of hall current on 

the oscillatory MHD flow past a flat plate. Afify, A. A [2] discussed the effects of radiation on free 

convective flow and mass transfer past a vertical isothermal surface in the presence of hall current. 

Bestman, A. R. and Adjepong, S. K [3] analysis unsteady MHD flow over a vertical porous plate under the 

influence of hall current parameter.  Bhattacharyya, K. and Layek, G. C., [4],  have studied the Similarity 
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Solution of MHD Boundary Layer Flow with Diffusion and Chemical Reaction Over a Porous Flat Plate 

with Suction/Blowing.  Chamkha, A. J.,[5] studies the Thermal Radiation and Buoyancy Effects on 

Hydromagnetic Flow Over an Accelerating Permeable Surface with Heat Source or Sink. 

    

 

  

 Chamkha, A. J, [6]   studied the MHD Flow of a Uniformly Stretched Vertical Permeable Surface 

in the Presence of Heat Generation/Absorption and a Chemical Reaction. Chamkha, A. J., Mohamed, R. 

A. and Ahmed [7] analyzed the Unsteady MHD Natural Convection from a Heated Vertical Porous 

Plate in a Micropolar Fluid with Joule Heating, Chemical Reaction and Radiation Effects of the 

fluid flow. Chandran, P., Sacheti, N. C. and Singh, A. K., [8] studies the Natural Convection Near 

a Vertical Plate with Ramped Wall Temperature. P.C. Ram, [9] studied the effects of Hall and ion slip 

currents on free convective heat generating flow in a rotating fluid. 

 M.A. Seddeek [10] analysis the Effects of Hall and ion-Slip Currents on magneto-

micropolar fluid and heat transfer over a non-isothermal stretching sheet with suction and blowing. 

Z Uddin, M. Kumar,[11] studied the effects of Hall and ion slip effect on MHD boundary layer 

flow of a micro polar fluid past a wedge. M. Veera Krishna, G.S. Reddy,  A.J. Chamkha [12] 

observed the Hall effects on unsteady MHD oscillatory free convective flow of second grade fluid 

through porous medium between two vertical plates. 

 M. Veera Krishna, B.V. Swarnalathamma, A.J. Chamkha [13] has Investigated of Soret, 

Joule and Hall effects on MHD rotating mixed convective flow past an infinite vertical porous 

plate. Balamurugan K., Anuradha S.and Karthikeyan R [14] were analyzed the Chemical reaction 

effects on Heat and Mass Transfer of Unsteady flow over an infinite vertical porous plate 

embedded in a porous medium with heat source. R. Karthikeyan., Balamurugan K. [15]., have 

studied the Radiation effects of MHD oscillatory rotation flow through a porous medium bounded 

by two vertical porous plates in presence of Hall current and dufour effects with chemical reaction 

  

2.Formulation of the Problem 

  Design of this problem, it can be considered that the flow is unsteady natural 

convection and mass transfer flow of a viscous incompressible fluid past an infinite vertical porous 

plate which is embedded in porous medium with heat source. The x’ axis is taken in vertically 
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upward direction along the plate and y’ axis is chosen normal to it. Applying Boussinesq’s 

approximation the governing equations of the flow field are written as follows: 

 

Continuity Equation: 

𝝏𝒗ᇲ

𝝏𝒚ᇲ = 𝟎 ;   𝒗ᇱ = −𝒗ᇱ
𝟎(𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕)                                (1) 

Momentum Equation: 

𝝏𝒖ᇲ

𝝏𝒕ᇲ + 𝒗ᇱ 𝝏𝒖ᇲ

𝝏𝒚ᇲ + 2𝛺𝑤′ =  𝒗
𝝏𝟐𝒖ᇲ

𝝏𝒚ᇲ𝟐 −
𝝈𝝁𝟐

𝒆𝑩𝟎
𝟐

𝝆൫𝟏ା𝒎𝟐൯
(𝒖ᇱ + 𝒎𝒘ᇱ) + 𝒈𝜷(𝑻ᇱ − 𝑻ஶ

ᇱ) + 𝒈𝜷∗ (𝑪ᇱ − 𝑪ஶ
ᇱ) −

𝒗

𝑲ᇲ 𝒖ᇱ  (2) 

𝝏𝒘ᇲ

𝝏𝒕ᇲ + 𝒗ᇱ 𝝏𝒘ᇲ

𝝏𝒚ᇲ − 𝟐𝛺𝑢′ =  𝒗
𝝏𝟐𝒘ᇲ

𝝏𝒚ᇲ𝟐 −
𝝈𝝁𝟐

𝒆𝑩𝟎
𝟐

𝝆൫𝟏ା𝒎𝟐൯
(𝒘ᇱ − 𝒎𝒖ᇱ) −

𝒗

𝑲ᇲ 𝒘ᇱ  (3) 

Energy Equation: 

𝒖ᇱ 𝝏𝑻ᇲ

𝝏𝒕ᇲ + 𝒗ᇱ 𝝏𝑻ᇲ

𝝏𝒚ᇲ = 𝒌 
𝝏𝟐𝑻ᇲ

𝝏𝒚ᇲ𝟐 +
𝝑 

𝑪𝒑
൤ቀ

𝝏𝒖ᇲ

𝝏𝒚ᇲቁ
𝟐

+ ቀ
𝝏𝒘ᇲ

𝝏𝒚ᇲ ቁ
𝟐

൨ + 𝑺ᇱ(𝑻ᇱ − 𝑻ஶ
ᇱ)                (4) 

          

Concentration Equation: 

𝝏𝑪ᇲ

𝝏𝒕ᇲ + 𝒗ᇱ 𝝏𝑪ᇲ

𝝏𝒚ᇲ = 𝑫
𝝏𝟐𝑪ᇲ

𝝏𝒚ᇲ𝟐 − 𝑲𝒓′(𝑪ᇱ − 𝑪ஶ
ᇱ)                  (5) 

Boundary Conditions of the problem are: 

𝑢ᇱ = 𝟎, 𝒗ᇱ = −𝒗𝟎
ᇱ, 𝑻ᇱ = 𝑻𝒘

ᇱ + 𝜺(𝑇𝒘
ᇱ − 𝑻ஶ

ᇱ)𝒆𝒊𝝎ᇲ𝒕ᇲ
, 𝑪ᇱ = 𝑪𝒘

ᇱ + 𝜺(𝐶𝒘
ᇱ − 𝐶ஶ

ᇱ)𝒆𝒊𝝎ᇲ𝒕ᇲ
  𝒂𝒕 𝑦ᇱ = 𝟎            (6) 

𝑢ᇱ → 𝟎, 𝑻ᇱ → 𝑻ஶ
ᇱ, 𝑪ᇱ → 𝑪ஶ

ᇱ  𝒂𝒔 𝒚ᇱ → ∞  

 

Now, Introducing the following non- dimensional variables and parameters. 

https://naturalscience.fyi/

PAGE NO: 525

JZU NATURAL SCIENCE || ISSN : 1671-6841

VOL 56 : ISSUE 11 - 2025



𝒚 =
𝒚ᇲ 𝒗ᇲ

𝟎

𝝑
,  𝒕 =

𝒕ᇲ𝒗ᇲ
𝟎

𝟐

𝟒𝝑
,   𝝎 =

𝟒𝝑𝝎ᇲ

𝒗ᇲ
𝟎

𝟐 ,   𝒖 =  
𝒖ᇲ

𝒗ᇲ
𝟎

, 𝒘 =  
𝒘ᇲ

𝒗ᇲ
𝟎

, 𝝑 =
𝜼𝟎

𝝆
, 𝐾௣ =

𝒗ᇲ
𝟎

𝟐
𝑲ᇲ

𝝑𝟐 ,𝑇 =
𝑻ᇲି𝑻ಮ

ᇲ

𝑻ᇲ
𝒘ି𝑻ಮ

ᇲ  , 𝐶 =
𝑪ᇲି𝑪ಮ

ᇲ

𝑪𝒘
ᇲି𝑪ಮ

ᇲ 𝑃𝒓 =
𝝑

𝒌
,  

𝐺𝑟 =
ణ௚ఉ(𝑻ᇲ

𝒘ି𝑻ಮ
ᇲ)

௩ᇲ
బ

య , 𝐺𝑐 =  
ణ௚ఉ(𝑻ᇲ

𝒘ି𝑻ಮ
ᇲ)

௩ᇲ
బ

య , 𝑆𝑐 =  
ణ

஽
, 𝑆 =

ସௌᇲణ

𝒗ᇲ
𝟎

𝟐 , =  
𝒗ᇲ

𝟎
𝟐

𝑪𝒑(𝑻ᇲ
𝒘ି𝑻ಮ

ᇲ)
 , 𝑲𝒓 =

𝑲𝒓
ᇲ𝝑

𝝑𝟎
𝟐 , 

𝑀ଵ =
ெ

ଵା௠మ
(1 − 𝐼𝑚)  ,𝐾ଶ =

ణఆ

𝒗ᇲ
𝟎

𝟐,𝜆 = 2𝐼𝐾ଶ(7) 

Where 𝑔 , 𝜌, 𝜗, 𝛽, 𝛽∗ ,𝜔, 𝜂𝟎 ,𝑘, 𝑇 ′, 𝑇 ′
௪, 𝑇 ′

∞, 𝐶 ′, 𝐶௪
′, 𝐶∞

′, 𝐶𝑝, 𝐷, 𝑃𝑟, 𝑆𝑐, 𝐺𝑟, 𝐺𝑐, 𝑆, 𝐾𝑝 , 𝐸𝑐𝐾௥𝑎𝑛𝑑𝑀ଵare 

respectively the acceleration due to gravity, density, coefficient of kinematic viscosity, volumetric 

coefficient of expansions for heat transfer,volumetric coefficient of expansions for mass transfer, 

angular frequency,Coefficient of viscosity, thermal diffusivity, temperature, temperature at the 

plate, temperature at infinity,Concentration, Concentration at the plate, concentration at infinity, 

specific heat at constant pressure,molecular mass diffusivity,Prandtl number,Schmidt number, 

Grashof number for heat transfer, Grahof number for mass transfer, heat source parameter, 

permeability parameter, Eckert number ,Chemical reaction parameter and Hall Effect Parameter. 

Substituting equation (7) in equations (2),(3), and (4) under boundary conditions (6) we get 

ଵ

ସ

డ௨

డ௧
−

డ௨

డ௬
+ 2𝐾2𝑤 =

డమ௨

డ௬మ −
ெ

ଵା௠మ
(𝑢 + 𝑚𝑤) + 𝐺𝑟𝑇 + 𝐺𝑐 −

ଵ

௄௣
𝑢                      

            (8) 

ଵ

ସ

డ௪

డ௧
−

డ௪

డ௬
− 2𝐾2𝑢 =

డమ௪

డ௬మ +
ெ

ଵା௠మ
(𝑚𝑢 − 𝑤) −

ଵ

௄௣
𝑤                                           

            (9) 

ଵ

ସ

డ்

డ௧
−

డ்

డ௬
= ଵ

௉௥

డమ்

డ௬మ +
ଵ

ସ
𝑆𝑇 + 𝐸𝑐 ൤ቀ

డ௨

డ௬
ቁ

ଶ
+ ቀ

డ௨

డ௭
ቁ

ଶ
൨        

                                                                             (10) 

ଵ

ସ

డ஼

డ௧
−

డ஼

డ௬
=

ଵ

ௌ௖

డమ஼

డ௬మ − 𝐾𝑟𝑐                                (11) 

The Corresponding boundary conditions are: 

𝑢 = 0, 𝑇 = 1 + 𝜀𝑒௜ఠ௧ , 𝐶 = 1 + 𝜀𝑒௜ఠ௧   𝑎𝑡  𝑦 = 0 

𝑢 → 0, 𝑇 → 0, 𝐶 → 0  𝑎𝑠 𝑦 → ∞                                                                                                         (12) 

 the Complex Velocity  𝐹 = 𝑢 + 𝑖𝑤, 𝑀ଵ =
ெ

ଵା௠మ
(1 − 𝑖𝑚), 𝜆 = 2𝐼𝐾ଶwe express the Equation (8) and (9) 

can be combined into a single equation of the form 

ଵ

ସ

డி

డ௧
−

డி

డ௬
=

డమி

డ௬మ − (𝑀ଵ +
ଵ

௄௣
+ 𝜆)𝐹 + 𝐺௥𝑇 + 𝐺௥𝑐                                         (13) 

With boundary condition, 

𝐹 = 0,   𝑇 = 1 + 𝜀𝑒௜ఠ௧, 𝐶 = 1 + 𝜀𝑒௜ఠ௧   𝑎𝑡  𝑦 = 0  ;   

𝐹 = 0, 𝑇 → 0, 𝐶 → 0   𝑦 → ∞ 
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3.Method of Solution: 

To solve equations (7), (8) and (9) , we assume 𝜀to be small and the velocity,temperature and 
concentration distribution of the flow field in the near of the plate can be expressed as  

𝐹(𝑦, 𝑡) = 𝐹଴(𝑦) + 𝜀𝑒௜ఠ௧𝐹ଵ(𝑦)        (14) 

𝑇(𝑦, 𝑡) = 𝑇଴(𝑦) + 𝜀𝑒௜ఠ௧𝑇ଵ(𝑦)        (15) 

𝐶(𝑦, 𝑡) = 𝐶଴(𝑦) + 𝜀𝑒௜ఠ௧𝐶ଵ(𝑦)        (16) 

Substituting equations (14) – (16) in equations (7) –(9) respectively, equating harmonic and 
nonharmonic terms and the neglecting the coefficients of 𝜀ଶ then we get  

𝐹଴
ᇱᇱ + 𝐹଴

ᇱ − (𝑀ଵ +
ଵ

௄௣
+ 𝜆)𝐹଴ =  −𝐺𝑟𝑇଴ − 𝐺𝑐𝐶଴       

            (17) 

𝑇଴
ᇱᇱ + 𝑃𝑟𝑇଴

ᇱ +
௉௥ௌ

ସ
𝑇଴ =  −𝑃𝑟𝐸𝑐 ቀ

డ௨బ

డ௬
ቁ

ଶ
                     (18) 

𝐶଴
ᇱᇱ + 𝑆𝑐𝐶଴

ᇱ − 𝑆𝑐𝐾௥𝐶଴ =  0                        (19) 

First Order: 

𝐹ଵ
ᇱᇱ + 𝐹ଵ

ᇱ − ቀ
௜ఠ

ସ
+

ଵ

௄௣
+ 𝑀ଵ + 𝜆ቁ 𝐹ଵ = −𝐺𝑟𝑇ଵ − 𝐺𝑐𝐶ଵ       

                                                                              (20) 

𝑇ଵ
ᇱᇱ + 𝑃𝑟𝑇ଵ

ᇱ −
௉௥

ସ
(𝑖𝜔 − 𝑆)𝑇ଵ = −2𝑃𝑟𝐸𝑐 ቀ

డ௨బ

డ௬
ቁ ቀ

డ௨భ

డ௬
ቁ                                             (21) 

𝐶ଵ
ᇱᇱ + 𝑆𝑐𝐶ଵ

ᇱ − 𝑆𝑐 ቀ
௜ఠ

ସ
+ 𝐾௥ቁ 𝐶ଵ = 0                                                                         (22) 

The Corresponding boundary conditions are 

𝑦 = 0: 𝐹଴ = 0, 𝑇଴ = 1, 𝐶଴ = 1, 𝐹ଵ = 0, 𝑇ଵ = 1, 𝐶ଵ = 1 

𝑦 → ∞: 𝐹଴ = 0, 𝑇଴ = 0, 𝐶଴ = 0, 𝐹ଵ = 0, 𝑇ଵ = 0, 𝐶ଵ = 0                                                         (23) 

Solving equations (19) & (22) under the boundary condition (23), then we get 

𝐶଴ = 𝑒ெమ௬                  (24) 

𝐶ଵ = 𝑒ெర௬                               (25) 

Using Multi parameter perturbation technique and assuming Ec≪ 1, we take 

𝐹଴ = 𝐹଴଴ + 𝐸𝑐𝐹଴ଵ                (26) 

 𝑇଴ = 𝑇଴଴ + 𝐸𝑐𝑇଴ଵ                                                                                                (27)  

𝐹ଵୀ 𝐹ଵ଴ + 𝐸𝑐𝐹ଵଵ                                                                                               (28) 

𝑇ଵ = 𝑇ଵ଴ + 𝐸𝑐𝑇ଵଵ              (29)  
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Now using equations (26) –(29) in equations (14),(15),(16) equating the coefficients of like 
powers of Ec neglecting of 𝐸𝑐ଶ, we get the following set of differential equations 

Zeroth Order: 

𝐹଴଴
ᇱᇱ + 𝐹଴଴

ᇱ − ቀ𝑀ଵ +
ଵ

௄௣
+ 𝜆ቁ 𝐹଴଴ = −𝐺𝑟𝑇଴଴ − 𝐺𝑐𝐶଴       

                 (30) 

𝐹ଵ଴
ᇱᇱ + 𝐹ଵ଴

ᇱ − ቀ
௜ఠ

ସ
+

ଵ

௄௣
+ 𝑀ଵ + 𝜆ቁ 𝐹ଵ଴ୀ = −𝐺𝑟𝑇ଵ଴ − 𝐺𝑐𝐶ଵ      

                                                        (31) 

𝑇଴଴
ᇱᇱ + 𝑃𝑟𝑇଴଴

ᇱ +
௉௥ௌ

ସ
𝑇଴଴ = 0    (32) 

𝑇ଵ଴
ᇱᇱ + 𝑃𝑟𝑇ଵ଴

ᇱ −
௉௥

ସ
(𝑖𝜔 − 𝑆)𝑇ଵ଴ = 0   (33) 

The Corresponding boundary conditions are  

𝑦 = 0: 𝐹଴଴ = 0, 𝑇଴଴ = 1, 𝐹ଵ଴ = 0, 𝑇ଵ଴ = 1 

𝑦 → ∞: 𝐹଴଴ = 0, 𝑇଴଴ = 0, 𝐹ଵ଴ = 0, 𝑇ଵ଴ = 1  (34) 

First Order: 

𝐹଴ଵ
ᇱᇱ + 𝐹଴ଵ

ᇱ − ቀ𝑀ଵ +
ଵ

௄௣
+ 𝜆ቁ 𝐹଴ଵ = −𝐺𝑟𝑇଴ଵ        

      (35) 

𝐹ଵଵ
ᇱᇱ + 𝐹ଵଵ

ᇱ − ቀ
௜ఠ

ସ
+

ଵ

௄௣
+ 𝑀ଵ + 𝜆ቁ 𝐹ଵଵ = −𝐺𝑟𝑇ଵଵ       

       (36) 

𝑇଴ଵ
ᇱᇱ + 𝑃𝑟𝑇଴ଵ

ᇱ +
௉௥ௌ

ସ
𝑇଴ଵ = −𝑃𝑟(𝑢଴଴

ᇱ)ଶ  (37) 

𝑇ଵଵ
ᇱᇱ + 𝑃𝑟𝑇ଵଵ

ᇱ −
௉௥

ସ
(𝑖𝜔 − 𝑆)𝑇ଵଵ = −2𝑃𝑟 ቀ

డ௨బబ

డ௬
ቁ ቀ

డ௨భబ

డ௬
ቁ   (38) 

The Corresponding boundary conditions become, 

𝑦 = 0: 𝐹଴ଵ = 0, 𝑇଴ଵ = 0, 𝐹ଵଵ = 0, 𝑇ଵଵ = 0  

𝑦 → ∞: 𝐹଴ଵ = 0, 𝑇଴ଵ = 0, 𝐹ଵଵ = 0, 𝑇ଵଵ = 0   (39) 

Solving equations (35)-(38) subject to the boundary conditions (39) we get 

𝐹଴଴ = 𝐴ଵ଴𝑒ெభబ௬ + 𝐴ଵଵ𝑒ெల௬ + 𝐴ଵଶ𝑒ெమ௬    (40)  

𝑇଴଴ = 𝑒ெల௬  (41) 

𝐹ଵ଴ = 𝐴ଵସ𝑒ெభమ௬ + 𝐴ଵହ𝑒ெఴ௬ + 𝐴ଵ଺𝑒ெర௬  (42) 

𝑇ଵ଴ = 𝑒ெఴ௬  (43) 

Solving equations (32)-(35) subject to boundary conditions (36) we get 
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𝑇଴ଵ = 𝐴ଵ଼𝑒ெభర௬ + 𝐵ଵ𝑒ଶெభబ௬ + 𝐵ଶ𝑒ଶெల௬ + 𝐵ଷ𝑒ଶெమ௬ + 𝐵ସ𝑒(ெలାெభబ)௬ + 𝐵ହ𝑒(ெభାெల)௬   (44) 

           +𝐵଺𝑒(ெమାெభబ)𝑦                                                                                                                    

 

𝑇ଵଵ = 𝐴ଶ଴𝑒ெభల௬ + 𝐶ଵ𝑒(ெభబశಾభమ)௬ + 𝐶ଶ𝑒(ெఴାெభబ)௬ + 𝐶ଷ𝑒(ெరାெభబ)௬ + 𝐶ସ𝑒(ெలାெభమ)௬

+ 𝐶ହ𝑒(ெలାெఴ)௬ + 𝐶଺𝑒(ெరାெల)௬ + 𝐶଻𝑒(ெమାெభమ)௬ + 𝐶଼𝑒(ெమାெఴ)௬ + 𝐶ଽ𝑒(ெమାெర)௬ 

            (45) 

𝐹଴ଵ ୀ  𝐴ଶଶ𝑒ெభఴ௬ + 𝐷ଵ𝑒ெభర௬ + 𝐷ଶ𝑒ଶெభబ௬ + 𝐷ଷ𝑒ଶெమ௬ + 𝐷ସ𝑒(ெలశெభబ)௬ + 𝐷ହ𝑒(ெమାெల)௬

+ 𝐷଺𝑒(ெమାெభబ)௬ + 𝐷଻𝑒ଶெల௬ 

(46) 

 

𝐹ଵଵ = 𝐴ଶସ𝑒ெమబ௬ + 𝐸ଵ𝑒ெభల௬ + 𝐸ଶ𝑒(ெభబାெభమ)௬ + 𝐸ଷ𝑒(ெఴାெభబ)௬ + 𝐸ସ𝑒(ெరାெభబ)௬ + 𝐸ହ𝑒(ெలାெభమ)௬ + 𝐸଺𝑒(ெలାெఴ)௬ +

𝐸7𝑒(ெరାெల)௬ + 𝐸଼𝑒(ெమାெభమ)௬ + 𝐸ଽ𝑒(ெమାெఴ)௬ + 𝐸ଵ଴𝑒(ெమାெర)௬                                                                                 (47) 

 

Substituting the values of 𝐶଴ and 𝐶ଵ from equations (24) and (25) in equation(16) the solution for 
concentration distribution of the flow field is given by  

C= 𝑒ெమ௬ + 𝜖𝑒(௜ఠ௧ାெర)௬                                                                                                                                                     (48) 

3.1 Skin friction:  The skin friction at the wall is given by  

𝜏
௪ୀ ቀ

ങಷ

ങ೤
ቁ

೤సబ
ୀ  ୅భబ୑భబା୅భభ୑లା୅భమ୑మା୉ୡ(୅మమ୑భబାୈభ୑లାଶୈమ୑భబାଶୈయ୑మା(୑లା୑భబ)ୈరା(୑లା୑మ)ୈఱା(୑భబା୑మ)ୈలାଶ୑లୈళ)ାఢ୉୶୮[ூఠ௧](୅భర୑భమା୅భఴ୑ఴళା୅భల୑రା

      ఢ୉୶୮[ூఠ௧]୉ୡ൫୅మర୑భమା୉భ୑ఴା୉మ(୑భబା୑భమ)ା୉య(୑భబା୑ఴ)ା୉ర(୑రା୑ల)ା୉ఱ(୑లା୑భమ)ା୉ల(୑ఴା୑ల)ା୉ళ(୑లା୑ర)ା୉ఴ(୑మା୑భమ)ା୉వ(୑మା୑ఴ)ା୉భబ(୑మା୑ర)൯

 

3.2 Heat flux: The rate of heat transfer i.e heat flux at the wall in terms of Nusselt Number 𝑁௨ is 
given by  

𝑁௨ =  ൬
𝜕𝑇

𝜕𝑦
൰

௬ୀ଴

=  M଺ + Ec(Aଵ଼M଺ + 2BଵMଵ଴ + 2BଶM଺ + 2BଷMଶ + Bସ(M଺ + Mଵ଴) + Bହ(M଺ + Mଶ) + B଺(Mଶ + Mଵ଴))

+ 𝜖Exp[𝐼𝜔𝑡](M଼Ec(Aଶ଴M଼ + Cଵ(Mଵ଴ + Mଵଶ) + Cଶ(Mଵ଴ + M଼) + Cଷ(Mସ + Mଵ଴) + Cସ(M଺ + Mଵଶ) + Cହ(M଺

+ M଼) + C଺(M଺ + Mସ) + C଻(Mଶ + Mଵଶ) + C଼(Mଶ + M଼) + Cଽ(Mଶ + Mସ))) 

 

3.3 Mass flux: The rate of Mass transfer i.e. mass flux at the wall in terms of Sherwood Number 
𝑆௛ is given by 

𝑆௛ =  ൬
𝜕𝐶

𝜕𝑦
൰

௬ୀ଴

= 𝑀ଶ + 𝑀ସ𝜖Exp[𝐼𝜔𝑡]                                                                            

 

4.Results and discussions:- 

  The effects of various parameter in heat and mass transfer on unsteady flow of a 

viscous incompressible fluid past an infinite vertical porous plate embedded in a porous medium 
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with heat source has been studied. The effects of parameters in the fluid flow are thoroughly 

analyzed and given in the form of graph to easily understand. 

Velocity field:  Grashof number can be classified as greater than or less than zero for analysis of 

heat and mass transfer flow over the vertical porous plate in the presence of magnetic field. Some 

of the parameters like Grashof number for heat transfer, mass transfer , viscous dissipation  heat 

sources are enhance the velocity profile of the fluid flow. Increases of Magnetic field retards the 

velocity of the fluid flow.  

Temperature Field: - Temperature profiles of the flow field under the influence of  effected 

parameters like Prandtl number, Permeability parameter (Kp),Grashof Number Gr,Heat Sources, 

Magnetic Parameter M. Temperature profile goes on decrease while growing parameter Prandtl 

Number (Pr),and Viscous Dissipation (Ec) But the inverse effects exists while increasing Grashof 

Number Gr. 

Concentration Field: Schmidt Number and Chemical reaction parameters plays important role in 

the concentration fluid flow field. The effects of these parameters on the fluid flow field 

graphically shown. When increases of Schmidt number (Sc) decrease the concentration boundary 

layer thickness of the flow. The mass transfer is decrease while growing of Chemical reaction 

parameter (𝐾௥) 

 

 

 

 Velocity of fluid flow for various value of Gr 
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  Velocity of fluid for various positive value of Gr 

 

Velocity of fluid for various values of Magnetic field  

 

 Velocity of fluid for various values of Magnetic field  
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Velocity of fluid for various values of Magnetic field m 

 

 Velocity for various value of Kp 

 

 Temperature for various value of Ec 
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Temperature Distribution for various value of Gr 

 

 

Temperature Distribution for various value of Pr 

 

Concentration Distribution for various values of K 
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Concentration Distribution for various values of 𝑆𝑐 

 

 

Skin Friction for various values of 𝐺𝑟 

 

Heat Flux for various values of Heat Source (s) 
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Mass flux for various values of Kr 

 

 

Conclusion: 

 Grashof Number and Permeability parameters accelerates the transient velocity of 

the fluid flow.  

 Other parameters like Hall current, Grashof number of mass transfer are also 

enhance the velocity of the fluid flow.  

 Increase of Viscous dissipation retards the temperature of the fluid flow.  

 Chemical reaction retards the concentration of the fluid flow.  

 Skin friction effects are increased while increasing of Grashof number.  

 Heat transfer at the wall increases while increase of heat source.  
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