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Abstract 

In this paper, we analyze the magnetic hydrodynamics of the fluid flow past an exponentially accelerated inclined vertical plate with 

mass distribution with varying temperature and heat source through a porous medium. Applying a larger number of possible non-

dimensional necessary conditions with limitations and starting conditions is a mathematical workout. The plate temperature is 

extended on an inclined vertical plate alongside at time t, and the focus level is close to the plate. The dimensionless administering 

conditions in the current examination are tackled utilizing the inverse Laplace transform technique. The velocity outlines are 

graphically explained for different physical parameters: heat Grashof value, mass Grashof value, Schmidt value, and duration. It has 

been observed that the velocity increases with an increase in the thermal grashof number Gr and also with an expansion in the time 

t of the plate, but the velocity increments with an increase in the permeability of the porous medium while decreasing in the presence 

of magnetic parameters. The impacts of boundaries M, K, t, and Sc on the velocity profiles are demonstrated graphically 
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1. Introduction 

The two categories of chemical reactions are homogeneous and heterogeneous. In the first scenario, there is just one phase of the 

reaction, and the system is uniform. In a heterogeneous reaction, the mixture is not uniformly mixed and the reaction takes place on 

the catalyst's surface or the container walls. In most chemical reactions, the species concentration determines the reaction rate. 

Reactions are referred regarded as being of first order when their rate is directly proportional to their concentration. Many scientists 

have been researching heat and mass transmission for a very long time since they are so crucial to everyday life. An alternative name 

for this subject of study is fluid mechanics. Since magnetohydrodynamic fluxes are used in a series of technical uses, as well as 

geophysics, magnetohydrodynamics, electrical authority, industrial processes, etc. experimental and theoretic studies of these fluxes 

stay crucial since a technical standpoint. In various uses, the production of rayon, nylon, and other materials, polymers are shaped 

and extruded. Kushal sharma et al [15]  outcomes indicate that the thermo diffusion effect results in  drop in the thickness of the 

layer of the fluid , adjacent to a boundary consequently resulting  a gradual rise in heat dissipation as it approaches an asymptotic 

state. [7] M. Aruna, A. Selvaraj, and T. Thangeswari conducted a study where they examined an influence of the effect of Hall on 

the movement in one direction on a vertically oriented parabolic accelerating plate. [18-21]. Soundalgekar et al. found that there is 

a diagonal magnetic field and For Gr value is negative, A rise in the plate's temperature leads to a fall in its velocity. M.A. Hossan 

et al. [8] study considers both forced and free convection and the analysis employs the Rosseland diffusion approximation method. 

Alam et al.[9] concluded that the speed drops with the rise of Thermo diffusion effect values. Choudhuri K , Nazibuddin Ahmed, 

And Pranab Jyoti Parashar. [3] Examined the impact of Thermo diffusion and diffusion thermo effects on the movement in one 

direction of three-dimensional magnetohydrodynamics (MHD) around a porous plate that extends infinitely in one direction and is 

moving at a constant speed. The paper authored by Basanth Kumar Jha et al. [1] thoroughly discusses the influences of natural 

convection and mass transfer on the flow emerging from swiftly moving vertical plate. In a separate study, Basant Kumar et al.[2] 

examined the effect of Soret effects on the scenario  around a vertical plate with free mass transfer and convection, known as the 

Stoke problem. [4] Dilip Jose and Selvaraj inspected that the speed raises when Magnetic field (M) diminishes.  D.Lakshmikaanth 

et.al [5] researched hall and heat source effect of a vertical plate with parabolic flow with rotation and chemical reaction. 

Muthucumaraswamy et al. [11,12] Explored the rotational effects within the magnetohydrodynamic (MHD) flow along an 

accelerating vertical plate. Selvaraj et al. [13,14] investigation of MHD parabolic flow with mass and heat diffusion and rotation 

across an accelerating isothermal vertical plate. S.Constance Angela and A. Selvaraj [16] examined the impact of Diffusion thermo 

efffect at an exponentially faster pace. [17] U. S. Rajput et al. explored the Diffusion thermo effect on unequal natural convection 

magnetohydrodynamics (MHD) flow through a plate, moving through porous material at an exponential rate. The Impact of Rotation 
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on porousity with Constant warm and varying mass was investigated by Gowri T. and A. Selvaraj [6].  

2. Mathematical Formulation 
 

The transient flow of an inclined vertical plate past viscous and electrically conductive viscous fluid with varying temperature 

through a porous medium is considered. It is expected that constant asset 𝐵0  ahypnoticarea (virtual to the plate) is used inversely to 

the plate. The prompted attractive field is overlooked since the magnetic Reynolds value of the movement is minuscule. The stream 

is assumed to be in the𝑥′ - direction, taking upwards through the vertical plate.𝑦′- axis line is set aside even to the plate. Originally 

the plate and the liquid are standing at the similar temperature 𝑇∞
′  at all points with concentration level 𝐶∞

′ . At  𝑡′>0, the plate 

accelerates exponentially with a speed velocity u = 𝑢0 exp(𝑎′𝑡′)in its specific level and the plate temperature is higher linearly with 

time t and together to the plate. The focus near is high elevated to 𝐶𝑤
′ . The effect of viscous scattering considered negligible. By the 

estimate of the steady Boussinesq’s, the instable movement is overseen by the following equations.  

 

𝜕𝑢′

𝜕𝑡′ = g𝛽𝑐𝑜𝑠𝜙(𝑇′ − 𝑇∞
′ )+g𝛽∗𝑐𝑜𝑠𝜙(𝐶′-𝐶∞

′ )+v 
𝜕2𝑢′

𝜕𝑦′2 - 
𝜎𝐵0

2

𝜌
𝑢′-

v𝑢′

𝐾
                   (1) 

 𝜌𝐶𝑝
𝜕𝑇′

𝜕𝑡′=k
𝜕2 𝑇′

𝜕𝑦′2              (2) 

𝜕𝐶′

𝜕𝑡′  = D
𝜕2𝐶′

𝜕𝑦′2                         (3) 

 

with the following suitable initial and boundary conditions: 

𝑡′ ≤ 0   𝑢′ =0  ,𝑇′ = 𝑇∞
′ 𝐶′= 𝐶∞      

′ for all    𝑦′ ≤  0 

𝑡′ >0      𝑢′ =𝑢0𝑐𝑜𝑠𝜔(𝑎′𝑡′) , 𝑇′ = 𝑇∞
′ +(𝑇𝑤

′  −  𝑇∞
′ )A𝑡′,   𝐶′ = 𝐶𝑤

′ at   𝑦′= 0    (4) 

𝑢′ → 0, 𝑇′ → 𝑇∞
′ ,  𝐶′ → 𝐶∞     

′ as  𝑦′ → ∞    where A = 
𝑢0

2

𝑣
 

Equation (1) is exits and applicable only when the magnetic lines of force are fixed relative to the plate. On presenting the resulting 

dimensionless magnitudes: 

 

u = 
𝑢′

𝑢0
,     t = 

𝑡′𝑢0
′

𝑣
 ,   y = 

𝑦′𝑢0

𝑣
,    𝜃 = 

𝑇′−𝑇∞
′

𝑇𝑤
′ −𝑇∞

′  ,𝐺𝑟  = 
g𝛽𝑣(𝑇𝑤

′ −𝑇∞
′ ) 

𝑢0
3  ,C = 

𝐶′− 𝐶∞
′

𝐶𝑤
′ −𝐶∞

′  ,     (5) 

𝐺𝑐  = 
g𝛽𝑣(𝐶𝑤

′ −𝐶∞
′ )

𝑢0
3  ,M = 

𝜎𝐵0
2𝑣

𝜌𝑢0
2  ,𝑃𝑟= 

𝜇𝐶𝑝

𝑘
 ,        𝑆𝑐  = 

𝑣

𝐷
 ,     a = 

𝑎′𝑣

𝑢0
2 ,    𝐾 =

𝑢0
2𝐾′

𝑣2  

From equation (1) to (4), leads to the non dimensional equations 

𝜕𝑞

𝜕𝑡
= 𝐺𝑟𝜃𝑐𝑜𝑠𝜙 + 𝐺𝑐𝐶𝑐𝑜𝑠𝜙 + 

𝜕2𝑞

𝜕𝑧2 – mq - 
𝑞

𝐾
                                      (6) 

𝜕𝜃

𝜕𝑡
= 

1

𝑃𝑟

𝜕2𝜃

𝜕𝑧2           (7) 

𝜕𝐶

𝜕𝑡
 = 

1

𝑆𝑐

𝜕2𝐶

𝜕𝑧2           (8) 

With the initial and boundary conditions  

t ≤ 0:        q = 0,  𝜃 = 0,        C =0 for all   z 

t >0 :        q =cos(𝜔𝑡), 𝜃 = 𝑒𝑎𝑡  ,    C = 𝑒𝑎𝑡 at z =0                                                         (9) 

 q → 0   ,    𝜃 → 0,         C→ 0as      z→ ∞ 

The non-dimensional quantities are defined in the classification. 
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3. Method of Solution 

The non-dimensional governing Equations from (6) to (8) apply and get to consistent starting limit constrains [9], also handled 

utilizing Laplace transforms method also result determined in this way of structure   

 

         q    =  
 𝑒𝑎𝑡

2

[
 
 
  exp (−2𝜂√(𝑎 + 𝑚 +

1

𝑘
) 𝑡 ) erf 𝑐 (𝜂 − √(𝑎 + 𝑚 +

1

𝑘
) 𝑡 ) +

exp (2𝜂√(𝑎 + 𝑚 +
1

𝑘
) 𝑡) erf 𝑐 (𝜂   + √(𝑎 + 𝑚 +

1

𝑘
) 𝑡 )

]
 
 
 

 

           −
𝐺𝑟𝑐𝑜𝑠𝜙

(𝑎 − (𝑏 + 𝑑))(1 − 𝑃𝑟)

 𝑒𝑎𝑡

2

[
 
 
 
 
 
  exp (−2𝜂√(𝑎 + 𝑚 +

1

𝑘
) 𝑡 ) erf 𝑐 (𝜂 − √(𝑎 + 𝑚 +

1

𝑘
) 𝑡 ) +

exp (2𝜂√(𝑎 + 𝑚 +
1

𝑘
) 𝑡) erf 𝑐 (𝜂   + √(𝑎 + 𝑚 +

1

𝑘
) 𝑡 )

]
 
 
 
 
 

 

                −
𝐺 𝑟 𝑐𝑜𝑠𝜙

((𝑏 + 𝑑) − 𝑎)(1 − 𝑃𝑟)

 𝑒(𝑏+𝑑)𝑡

2

[
 
 
 
 
 
 exp (−2𝜂√(𝑏 + 𝑑 + 𝑚 +

1

𝑘
)𝑡 ) erf 𝑐 (𝜂 − √(𝑏 + 𝑑 + 𝑚 +

1

𝑘
)𝑡 ) +

exp (2𝜂√(𝑏 + 𝑑 + 𝑚 +
1

𝑘
)𝑡) erf 𝑐 (𝜂   + √(𝑏 + 𝑑 + 𝑚 +

1

𝑘
) 𝑡 )

]
 
 
 
 
 

 

          −
𝐺𝑐  𝑐𝑜𝑠𝜙

(𝑎 − (𝑐 + 𝑓))(1 − 𝑆𝑐)

 𝑒𝑎𝑡

2

[
 
 
 
 
 
 exp (−2𝜂√(𝑎 + 𝑚 +

1

𝑘
) 𝑡 ) erf 𝑐 (𝜂 − √(𝑎 + 𝑚 +

1

𝑘
) 𝑡 ) +

exp (2𝜂√(𝑎 + 𝑚 +
1

𝑘
) 𝑡) erf 𝑐 (𝜂   + √(𝑎 + 𝑚 +

1

𝑘
) 𝑡 )

]
 
 
 
 
 

 

    −
𝐺𝑐𝑐𝑜𝑠𝜙

((𝑐 + 𝑓) − 𝑎)(1 − 𝑆𝑐)

 𝑒(𝑐+𝑓)𝑡

2

[
 
 
 
 
 
exp (−2𝜂√(𝑐 + 𝑓 + 𝑚 +

1

𝑘
) 𝑡 ) erf 𝑐 (𝜂 − √(𝑐 + 𝑓 + 𝑚 +

1

𝑘
) 𝑡 ) +

exp (2𝜂√(𝑐 + 𝑓 + 𝑚 +
1

𝑘
) 𝑡) erf 𝑐 (𝜂   + √(𝑐 + 𝑓 + 𝑚 +

1

𝑘
) 𝑡 )

]
 
 
 
 
 

 

  +
𝐺𝑟 𝑐𝑜𝑠𝜙

(𝑎 − (𝑏 + 𝑑))(1 − 𝑃𝑟)

 𝑒𝑎𝑡

2
[
 
 
 exp (−2𝜂√𝑃𝑟𝑎𝑡)𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 − √𝑎𝑡)

+                                                              
exp (2𝜂√𝑃𝑟𝑎𝑡)𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √𝑎𝑡) ]

 
 
 

 

+ 
𝐺𝑟𝑐𝑜𝑠𝜙

((𝑏 + 𝑑) − 𝑎)(1 − 𝑃𝑟)

 𝑒(𝑏+𝑑)𝑡

2
[
 exp (−2𝜂√Pr (𝑏 + 𝑑)𝑡 ) erf 𝑐 (𝜂√𝑃𝑟 − √(𝑏 + 𝑑)𝑡 ) +

exp (2𝜂√Pr (𝑏 + 𝑑)𝑡) erf 𝑐 (𝜂√𝑃𝑟 + √(𝑏 + 𝑑)𝑡 ) 
] 

+
𝐺𝑐𝑐𝑜𝑠𝜙

(𝑎−(𝑐+𝑓))(1−𝑆𝑐)

 𝑒𝑎𝑡

2
[
exp (−2𝜂√𝑆𝑐𝑎𝑡 ) erf 𝑐 (𝜂√𝑆𝑐 − √𝑎𝑡 ) +

exp (2𝜂√𝑆𝑐𝑎𝑡) erf 𝑐 (𝜂√𝑆𝑐 + √𝑎𝑡 ) 
] 

+
𝐺𝑐𝑐𝑜𝑠𝜙

((𝑐+𝑓)−𝑎)(1−𝑆𝑐)

 𝑒(𝑐+𝑓)𝑡

2
[
exp (−2𝜂√𝑆𝑐(𝑐 + 𝑓)𝑡 ) erf 𝑐 (𝜂√𝑆𝑐 − √(𝑐 + 𝑓)𝑡 ) +

exp (2𝜂√𝑆𝑐(𝑐 + 𝑓)𝑡) erf 𝑐 (𝜂√𝑆𝑐 + √(𝑐 + 𝑓)𝑡 ) 
]                    (10) 

𝜃 =  
 𝑒𝑎𝑡

2
[exp (−√𝑃𝑟𝑎) 𝑧 erf 𝑐 (𝜂√𝑃𝑟 − √𝑎𝑡 ) +  𝑒𝑥𝑝√𝑃𝑟𝑎 𝑧 erf 𝑐 (𝜂√𝑃𝑟 + √𝑎𝑡 ) ]                                    (11) 

 

C =  
 𝑒𝑎𝑡

2
[exp (−√𝑆𝑐𝑎) 𝑧 erf 𝑐 (𝜂√𝑆𝑐 − √𝑎𝑡 ) +  𝑒𝑥𝑝√𝑆𝑐𝑎 𝑧 erf 𝑐 (𝜂√𝑆𝑐 + √𝑎𝑡 ) ]                    (12) 

 

http://www.ijsrem.com/


             International Journal of Scientific Research in Engineering and Management (IJSREM) 
                    Volume: 07 Issue: 09 | September - 2023                       SJIF Rating: 8.176                            ISSN: 2582-3930                 

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM25575                                                             |        Page 4 

4. Result and discussions 

 
To study the effects of the heat sources the plate accelerates in its own plane with velocityu = 𝑢0exp (𝑎′𝑡′)  numerical calculations 

are made for different values of 𝐺𝑟(Thermal grashof number), 𝐺𝑐(Mass grashof number), 𝑆𝐶(Schmidt number), M (Magnetic field 

parameter), K (Permeability parameter), a (Accelerating parameter), when the prandtl number 𝑃𝑟is equal to 0.71 corresponding to 

the air. This is in order to reveal the different outcomes parameters in the dimensionless velocity field, temperature field, 

concentration field. 

 

 

 

 

 

 

                                                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1. Velocity profiles when 𝐺𝑟 = 10, 𝐺𝑐 = 5, 𝑃𝑟  = 0.71, 𝑆𝑐 = 0.22, K = 2, a = 1, t = 1. 

 

Figure (1) represents the velocity profiles for different values of magnetic parameter (M = 0.6, 0.8, 1.0), 𝐺𝑟 = 10, 𝐺𝑐 = 5, 𝑃𝑟  = 0.71, 

𝑆𝑐 = 0.22, K = 2, a = 1 of the plate at t=1. As of the diagram it is establish that the velocity growths through the decrease in M.   

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

Figure 2. Velocity profiles when 𝐺𝑟 = 10, 𝐺𝑐 = 5, 𝑃𝑟  = 0.71, 𝑆𝑐 = 0.22, K = 2, a = 1, M = 1. 

 

Figure (2) represents the velocity profiles for different values of time (t = 0.5, 0.7, 0.9), 𝐺𝑟 = 10, 𝐺𝑐 = 5, 𝑃𝑟  = 0.71, 𝑆𝑐 = 0.0.22 , K 

= 2, M = 1 and a = 1.From this figure the velocity is found to increase with an increase in time t of the plate  
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Figure 3. Concentration profiles when 𝐺𝑟= 5, 𝐺𝑐 =5, 𝑆𝑐 = 0.22, 𝑃𝑟  = 0.71, t = 0.5, M = 5 

 

Figure (4) represent the concentration profiles for different values of accelerating parameter ( a = 1, a = 2, a = 3 ), 𝐺𝑟 = 5, 𝐺𝑐 = 5, 𝑃𝑟  

= 0.71, 𝑆𝑐 = 0.22 , M = 5 of the plate at t= 0.5. The concentration from the figures increases with an increase in a (accelerating 

parameter) of the plate. 

 

 

  5. Conclusions 
 

In this paper we have considered an investigation study of the effects of MHD and heat and mass absorption fluid flow past an 

exponentially accelerated vertical with porous medium. The solutions for the model have been comprehended by Laplace 

transformation method. The conclusions of this examination are  

• The Velocity profiles increase with an decrease in magnetic parameter M. 

• The velocity growth through an expansion in time t of the plate. 

• The velocity growths through an increase in Schmidt number𝑆𝑐 .  

• The velocity is found to increase with an increment in a (accelerating parameter) of the plate.  

• Velocity increments with an increase in permeability of the porous medium while decrease in the presence of magnetic 

parameter. 
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