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Abstract:  
A systematic study has been performed on MHD convective chemically reactive and 

absorbing fluid along an exponentially accelerated vertical plate with the impact of Hall 

current by considering ramped temperature. Laplace transform technique is applied to 

obtain exact solutions of the non-dimensional governing equations for fluid velocity, 

temperature and concentration. Based on the above solutions, the expressions for skin 

friction coefficient, Nusselt number and Sherwood number are derived. The consequences of 

diverse physical parameters on flow quantities are examined thoroughly with graphical 

representations. The numerical values for skin friction coefficient, rate of heat transfer and 

rate of mass transfer are recorded and analyzed.  
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magnetic field strength 

specific heat at constant pressure 

thermal Grashof number 

thermal conductivity of the fluid. 

mean absorption coefficient 

permeability of porous medium 

Hall current parameter 

magnetic parameter 

radiation parameter 

Schmidt number 

chemical reaction parameter 

Prandtl number 

Radiation absorption parameter 

heat absorption parameter 

radiative heat flux 

time 

critical time for rampedness 

dimensionless critical time for rampedness. 

fluid temperature 

U0 

u 

w 

characteristic velocity 

fluid velocity in x -direction              

fluid velocity in z -direction 

 

Greek symbols 

β 

η 

σ* 

σ 

ρ 

ν 

ωe 
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 ϕ 

coefficient of thermal expansion 

non-dimensional space variable 

Stefan Boltzmann constant 

electrical conductivity 

fluid density 

kinematic coefficient of viscosity 

cyclotron frequency 

electron collision time 

heat absorption parameter 

Subscripts  

w 

∞ 

   condition at the wall 

   free-stream condition/ Initial condition at the    

   plate 
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1. Introduction 

Investigation of hydro magnetic free convection flow with heat and mass transfer along porous plates has drawn 

key attention of researchers, due to its significant role in astrophysics, electronics, aeronautics, geophysics, 

meteorology, metallurgy, chemical industries and petroleum production. Magneto hydrodynamic (MHD) free 

convection flow of an electrically conducting fluid through a flooded porous medium has  been effectively 

exploited in crystal formation. Recently the study of Hall current on MHD boundary layer flows with heat 

transfer has become essential due to its important engineering applications, therefore, researchers are performing 

their investigations on the applications of MHD towards a strong magnetic field. Generally, in an ionized gas of 

less density under the existence of strong magnetic field, the conductivity perpendicular to the magnetic field is 

decreased by free spiral progress of electrons and ions about the magnetic lines of force before suffering 

collisions. A current which is produced perpendicular to the electromagnetic fields, is known as Hall current. It 

is mainly utilized in Hall accelerators, electric transformers, refrigeration coils, power generato rs and pumps, 

solar physics encountered in the sunspot development, electronic cooling system, cool combustors, fiber and 

granular insulation, oil extraction, the solar cycle, the structure of magnetic stars, thermal energy storage, flow 

through filtering devices and porous material regenerative heat exchangers. 

Seth et al. (2014) examined and discussed the consequences of Hall current, radiation and rotation parameter on 

free convective flow past a vertically moving plate in conducting field. Satya Narayan  et al.(2014)studied the  

impact of Hall current and radiation absorption on MHD micro polar fluid in a rotating system. Seth et al. 

(2016) analyzed the Hall current effects on unsteady hydro magnetic free convection flow past an spontaneously 

moving plate with the consideration of Newtonian heating. Satyanarayana et al. (2011) analyzed the Hall current 

effects on MHD flow past a porous plate with free convection. Manglesh et al. (2013) considered and studied 

magnetohydrodynamic unforced convective flow along porous medium under the existence of Hall current, 

radiation and thermal diffusion. Saha et al. (2011) discussed thoroughly the impact of Hall current on MHD 

natural convective flow along perpendicular permeable plate with uniform surface in the presenc e of heat flux. 

Pop et al. (1994) considered and analyzed Hall effects on magnetohydrodynamic free convection about a semi-

infinite vertical flat plate. Singh et al. (2010) considered and studied transient MHD free convective flow close 

to a semi- infinite perpendicular wall with the consideration of ramped temperature. Seth et al. (2011) analyzed 

MHD unforced convection flow past a spontaneously moving plate with ramped wall temperature and radiative 

heat transfer. Narahari (2012) considered and analyzed transient convective flow between long vertical parallel 

plates introducing ramped wall temperature at one boundary with the impact of radiation and constant mass 

transmission. Seth et al. (2016) established unsteady MHD free convection flow of a radiating and heat 

absorbing fluid along a moving perpendicular plate with varying ramped temperature and Hall effects. Kundu et 

al. (2014) studied and discussed about the flow features of a conducting fluid closed to an accelerated 

perpendicular plate flooded in porous medium with the implementation of ramped wall temperature. 

In addition to the above studies, chemical reacting MHD free convection flow with radiation effects has 

acknowledged a mounting importance during the last decades due to its significance in various engineering, 

geophysical and astrophysical applications, manufacturing of ceramic, packed-bed catalytic reactors, enhanced 

oil recovery, food processing, underground energy transport, magnetized plasma flow, cooling of nuclear 

reactors, high speed plasma wind, cosmic jets and stellar system. Srinivas et al. (2014) established the effect of 

chemical reaction as well as thermal radiation on magnetohydrodynamic flow over an inclined porous  extended 

surface with the consideration of non-uniform heat source/sink: an application to the dynamics of blood flow. 

Rout et al. (2016) studied the consequences of heat generation and chemical reaction on MHD flow past an 

upright plate with the consideration of variable temperature. Tripath et al. (2015) considered and discussed 

about chemical reaction impact on MHD unforced convective surface over an  oscillating vertical plate through 

porous region. Srinivasacharya et al. (2013) considered and examined the influences of chemical reaction and 

radiation on a non-Newtonian power law fluid saturated with porous medium. Devi et al. (2010) investigated the 

influences of chemical reaction on MHD flow past a semi-infinite plate with heat and mass transfer. Barik 

(2014) studied and analyzed chemical reaction and radiation impacts  on MHD free convective flow past a 

spontaneously moving vertical plate with ramped wall temperature as well as ramped wall concentration. 

Srinivasacharya et al. (2016) studied and discussed about the same effects on mixed convection heat and mass 

transfer over a vertical plate in power-law fluid saturated with porous medium. Reddy et al. (2016) also 

considered analyzed these effects on MHD flow along a moving perpendicular porous plate. Prasad et al. (2008) 

analyzed radiation effects on an unsteady MHD convective heat and mass transfer flow past a semi-infinite 
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vertical permeable moving plate embedded in a porous medium. Raju et al. (2016) studied both analytical and 

numerical study of unsteady MHD free convection flow over an exponentially moving vertical plate in the 

existence of heat absorption. Hossain et al. (2001) investigated the conseuence of radiation on free convection 

flow of fluid with variable viscosity from a porous vertical plate. Maboob et al. (2016) examined and discussed 

the properties of MHD stagnation point flow of nano fluid in porous medium with radiation, viscous dissipation  

and chemical reaction. Raju and Varma (2014) studied Soret effects due to natural convection in a non -

Newtonian fluid flow in porous medium with heat and mass transfer. 

From the above studies, it is noticed that, a meager interest is paid towards radiatio n absorbing fluid. Therefore, 

the main aim of this investigation is to study analytically the ramped temperature influence on MHD convective 

chemical reactive and absorbing fluid past an exponentially accelerated vertical plate. The novelty of this study 

is the consideration of simultaneous occurrence of radiation absorption, heat absorption as well as Hall current 

effects along with homogeneous chemical reaction. This study though an extension of the work of Seth et al. 

(2016), it varies in many aspects like radiation absorption, chemical reaction and exponentially accelerated plate 

etc. Followed by Seth et al. (2016), in this study we have considered t0 as critical time for rampedness in place 

of act eristic time. Due to this reasons, in our study, the interval for rampedness becomes 0< t ≤ t1 (t1 being the 

dimensionless critical time for rampedness) where as in the above mentioned research studies, the interval for 

rampedness is, 0< t≤ 1 in non-dimensional form. It may be noticed that the physical meaning of critical time for 
rampedness is the time when plate temperature changes from ramped temperature to uniform temperature. 

 2. Formulation of the Problem 

An unsteady free convective flow of a viscous, incompressible, electrically conducting, chemically reacting, 

optically thick radiating, heat absorbing as well as radiation absorbing fluid past an exponentially accelerated 

infinite vertical plate in conducting field in the presence of ramped temperature and Hall current is considered.  

A Cartesian coordinate system (x
*
, y

*
, z

*
) is chosen in such a way that x

*
-axis is taken in the upward direction 

along the vertical plate whereas y
*
-axis is considered normal to the plane of the plate which is directed into the 

fluid region and z
*
- axis is normal to x

*
y

*
-plane. A uniform transverse magnetic field of strength B0 is applied 

perpendicular to the plate in a direction parallel to y
*
-axis. Since the strength of the applied magnetic field is 

considerably high, therefore the influence of Hall current cannot be neglected. Also the presence of 

homogeneous chemical reaction is considered. Initially, i.e. at time t
*
≤ 0, both the plate and surrounding fluid 

are at rest and maintained at uniform temperature T
*

∞and uniform concentration C
*

∞. At time t
*
>0,the plate 

accelerates exponentially along the x
*
direction with a velocity U (t

*
) =

**tae (a
*
 being arbitrary constant). At the 

same time the temperature of the plate raised to  
*

* * *

0

t
T T Tw

t
  

 
  
 

 when 
*

00 t t   and it maintained at 

uniform temperature 
*

Tw  when 
*

0t t ( 0t being critical time for rampedness). And concentration values are 

maintained at  * * * *
C C C Atw   , when

* 0t  . 

Since the plate is extended infinitely along 
* * and zx directions, all physical measures except pressure depend 

on 
* *

 and ty only. The induced magnetic field generated by movement of the flow is negligible in comparison 

to applied one. This is reasonable as the magnetic Reynolds number is very minor for partially ionized fluids 

and liquid metals which are generally used in several industrial processes. The effect of polarization is neglected 

which corresponds to the case where no energy is added or extracted from the fluid by electrical means. With 

the above assumptions made, taking Hall parameter into consideration the governing equations for the fluid flow 

problem, under Boussing approximation, are given below. 
2* 2 *

* * * * * * * *0
( ) ( ) ( )

2 2* ** (1 )

Bu u
v u m w g T T g C C u

mt ky

 
 



 
        

 

                  (1)                                                        
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2* 2 *
* * *0

( )
2 2* ** (1 )

Bw w
v m u w w

mt ky

 



 
   

 

                                                                            (2) 

* 2 *
1* * * *0

( ) ( )
2* **

QQT k T q lr
T T C C

c c c ct yp p p py   

  
      

 

                                              (3)        

* 2 *
* * *

( )
2* *

C C
D K C Cr

t y

 
   

 

                                                                                                    (4) 

Initial and boundary conditions to be satisfied are as follows  

* * * * * * * *
0 : 0, 0, , ,   for all y 0t u w T T C C                                                        

(5)
 

*
* * * * *

( ) at y 0 when 0 < t ,** * * * * 0
0 : , 0,

0
* * *

T at y 0 when t .0

* * * * * * *
0, ( ) y 0

t
T T T twa t

t u e w T t

tw

when t C C C C At atw

    
   

 

     







                           

(6) 

* * * * * * * *
0 : 0, 0, , ,   as yt u w T T C C                  

(7)
 

For an optically low thick gray fluid, the radiative heat flux rq  is approximated by Roseland approximation 

which is given as 

4* *
4

* *
3

T
qr

k y

 
 

                                                                                                                       

(8) 

It is assumed that the temperature difference between fluid in the boundary layer region and free -stream is very 

small so that is 
4*T being expressed as a linear function of temperature

*T . Expanding 
4*T in Taylor series 

about 
*T and neglecting second and higher order terms, we get 

4 3 4* * * *
4 3T T T T             

(9) 

Using equations (8) and (9) in (3) we get 

3* * * 2 *
16 * * * *0

1 ( ) ( )
2* * *3

QQT k T T l
T T C C

pc c ct kkp p py



 

 
      

 

 
 
 
 

                                   (10) 

We introduce the following non dimensional quantities and flow parameters to present (1), (2) and (10) along  

with initial and boundary conditions (5)-(7) in non-dimensional form 

* * 2* * * *
( )0 0 0
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2* ( )
0 0

, , , ,
2 2 2

( )0 0 0

vc Q C CQ v UKp wlr
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k vc U U c U T Tp p w
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 
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    
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        (11) 

 Making use of equation (11), equations (1), (2), (4) and (10), in non-dimensional form, reduce to  

2 2
(1 ) 1

2 2
(1 )

F M im F F
G T G C Fr c

t Km 

  
    

  

                                                                                     (12) 

2
(1 )

2

T N Tr
T RC

t Pr




  
  

                                                                                                   (13)

 

2
1

2

C C
K Cr

t Sc 

 
 

                                                                                                                                     

(14) 

 where ( , ) ( , ) ( , ).F y t u y t iw y t   

3. Solution of the Problem 

Initial and boundary conditions (5) to (7), in non-dimensional form, are given by  

0 : 0, 0, 0  for all 0t F T C     
                                                                             (15) 

   at 0 when 0 < t , *1
0 : , 0, 0

1

1 at 0 when t .1

t
ta t

t F e T when t C t att

t






 
     

 





             (16)

 

0 : 0, 0, 0  as t F T C     
                                                                                        

(17) 

where 
*

3
0

a
a

U


   is non-dimensional constant. 

Using Laplace transform technique, first the solution for fluid temperature ( , )T t  is obtained by solving 

equation (13) and the solution for fluid concentration ( , )C t  is obtained by solving equation (14), then using 

this solution in equation (12), solution for fluid velocity ( , )F t  is obtained. The exact solutions obtained are as 

follows:  

( , )
2 4 2

2 4 2

s st y S Kc cc r
C t e erfc K tr

K tr

s st y S Kc cc r
e erfc K tr

K tr

 


 


  

  

   
   
   

   
   
   

                                                         (18) 

 
1

( , ) ( , ) ( ) ( , ) ( , ) ( , )51 1 1 1 1 4 3
1

( , ) ( , ) ( , ) ( , )5 7 56 4 6 6

T t T t H t t T t t A T t A T t
t

A T t A T t A T t A C t
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   

      

  

                                     (19)     
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( , ) ( , ) ( , ) ( , ) ( , ) ( , ) ( , )51 38 2 39 3 40 4 9 41

( , ) ( , ) ( ) ( , ) ( ) ( , )
42 6 13 12 1 2 1 11 1 3 1

( ) ( , ) ( , ) ( , ) ( , )710 1 4 1 43 44 8 21 10

(
12

F t F t A F t A F t A F t F t A F t
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A H t t F t t A F t A F t A F t
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   

   
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 
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( , ) ( , ) ( , )
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                    (20)                                                
 

Where 
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 
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3.1 Mass transfer coefficient 
Another important physical quantity is the mass transfer coefficient, i.e. the Sherwood number which is in non -

dimensional form is given by 
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3.2 Heat transfer coefficient 
Expression for rate of heat transfer at the plate i.e.the rate of heat transfer in terms of Nusselt number is given by  
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3.3 Skin friction coefficient 
The skin friction at the plate in non-dimensional form is given by 
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4. Validation of the Result 

To validate the present methodology, a comparison has been performed, by considering the temperature profiles 

under the influence of thermal radiation. The current results are compared with the results of Seth et al. [2016] 

in the absence of radiation absorption, mass diffusion and chemical reaction. An excellent agreement is noticed 

in this comparison which validates the present Laplace technique. 
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Fig. 1: Temperature profiles under the influence of thermal radiation. 

5. Results and Discussion  

Fig. 2(a) and Fig. 2(b) depict the consequence of Gr on the primary and secondary fluid velocities. From these 

two figures, it is evident that, the flow velocity enhances with increasing values  of Gr. The similar nature of the 

primary and secondary velocities of the fluid are noticed in the case of Gc, which are evident in the Fig. 3(a) and 

Fig. 3(b). This is due to relative strength of thermal buoyancy force to viscous force. Since, fluid flow in this 

problem is induced due to free convection arising as a result of thermal buoyancy force; therefore, thermal 

buoyancy force will obviously tend to accelerate fluid flow in both the primary and secondary flow directions 

throughout the boundary layer region. 
Fig. 4(a) and Fig. 4(b) illustrate the effect of Nr on primary and secondary fluid velocities. From these two 

figures, it is noticed that, the velocity of the fluid decreases with an increasing values of Nr. This happens due to 

the retarding nature of thermal radiation. Fig. 5(a) and Fig. 5(b), exhibit the effect of radiation absorption on the 

primary and secondary velocity of the fluid. It is observed that u and w increases on increasing R. The radiation 

absorption accelerates the flow and hence the velocity grows. 

 
Fig. 2(a): Effect of Gr on u. 

 
Fig. 2(b): Effect of Gr on w 
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Fig. 3(a): Effect of Gc on u. 

 
Fig. 3(b):   Effect of  Gc on w. 

 

 
Fig. 4(a): Effect of Nr on u. 
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Fig. 4(b): Effect of  Nr on w 

 

Fig. 6(a) and Fig. 6(b), depict the influence of heat absorption parameter on primary and secondary velocity of 

the fluid. The velocity of the fluid decreases with an increasing value of heat abs orption parameter ϕ. Increase of 

heat absorption resists the flow and results in decreasing the velocity. It is perceived from Fig. 7(a) and Fig. 7(b) 

that u and w decrease on increasing values of Sc. Schmidt number is the ratio of kinematic viscosity to t hermal 
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Fig. 5(a): Effect of R on u. 

 
Fig. 5(b): Effect of R on w. 
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diffusion which results in resisting the flow pattern and hence the velocity decreases. Fig. 8(a) and Fig. 8(b), 

demonstrate the effect of chemical reaction parameter on primary and secondary fluid velocities. It is evident 

from these two figures, that, u and w decrease on increasing Kr. It is due to the natural fact that chemical 

reaction influence gives rise to decrement in velocity. Fig. 9(a) and Fig. 9(b) illustrate the effect of Hall current 

on the primary and secondary velocity of the fluid. It  is evident that, u and w increase on increasing m. This 

implies that Hall current tends to accelerate fluid flow in both the primary and secondary flow directions 

throughout the boundary layer region. This is due to the reason that, Hall current induces s econdary flow in the 

flow-field. 
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Fig. 6(a): Effect of ϕ on u. 
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Fig. 6(b): Effect of    on w. 

 
Fig. 7(a): Effect of Sc on u. 
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Fig. 7(b): Effect of Sc on w 

 

 
Fig. 8(a): Effect of  Kr on u. 
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Fig. 8(b): Effect of Kr on w 
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Fig. 9(a): Effect of m on u. 

 
Fig. 9(b): Effect of  m on w. 

Fig. 10(a) and Fig. 10(b) present the influence of porosity parameter on the primary and secondary velocity of 

the fluid. It is observed from these two figures that u and w increase with increase in K. This is due to the known 

fact that fluid flow accelerates as the porousness enhances. 

 
     Fig. 10(a): Effect of K on u. 
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Fig. 10(b): Effect of K on w. 

 
In order to examine the effect of critical time for rampedness and isothermal, numerical values of fluid 

temperature, T is computed from the analytical solution (19) and is shown graphically against boundary layer 

coordinate   in Figs. 11-19.  Fig. 11 illustrates the effect of radiation parameter on ramped temperature. It is 

evident from Fig. 11 that the temperature of the fluid increases for raising values of Nr. The reason behind this 

nature is due to the generation of heat due to radiation. Fig. 12 depicts  the effect of heat absorption parameter on 

ramped temperature. It is noticed from these two figures that the temperature of the fluid decreases for 

increasing values of .It is known fact that that heat absorption leads to reduce the heat of the fluid and hence 

the decrease in velocity. Fig. 13 exhibits the effect of Prandtl number on temperature. It is evident from the Fig. 

13 that the temperature of the fluid decreases with increasing values of Prandtl number also represents the 

product of dynamic viscosity and specific heat capacity, divided by thermal conductivity of the primary fluid. 

Higher Prandtl fluid will therefore possess a much lower thermal conductivity and this will result in a significant 

decrease in temperatures in the boundary layer. It is perceived from the Fig. 14 that the temperature of the fluid 

increases for increasing values of radiation absorption R.  From Fig. 15 it is noticed that the temperature of the 

fluid increases when time t increases. When 
1t t  the temperature become uniform and it is equal to 1, which 

agrees with the condition (16). As we know that isothermal plate, temperature of the plate is uniform,i.e. in non-

dimensional form fluid temperature T = 1 at the plate for every values of time t. This means that nature of fluid 

temperature is same for both ramped temperature and isothermal p late when t >t1. However, fluid temperature is 

getting enhanced in the flow-field whether t ≤t 1 or t >t 1. It is evident in the Figs. 16-19.   
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Fig.11: Effect of Nr on Temperature. 

 

 
Fig.12: Effect of ϕ on Temperature. 

 
Fig.13: Effect of Pr on Temperature. 

 

 
               Fig.14: Effect of R on Temperature 

 
Fig.15: Effect of t on Temperature. 

 

0 1 2 3 4 5 6 7 8 9 10

0

0.2

0.4

0.6

0.8

1

1.2



T

 

 

R=0.5

R=1.5

R=2.5

R=3.5

Nr=2

Pr=0.71

=1

t=1.4

t1=1

sc=0.22

R=0.5

kr=0.5

 
Fig.16: Effect of R on Temperature. 
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Fig. 17: Effect of  Pr on Temperature. 

 

 

 
Fig. 18: Effect of Nr  

 

 
Fig. 19: Effect of ϕ on Temperature.    Fig. 20: Effect of Kr on Concentration. 

 

 
Fig. 21: Effect of  Sc on Concentration 
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          Fig. 22: Effect of t on Concentration 
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From Fig. 20 and Fig. 21, it is noticed that the concentration of the fluid decreases for increasing values of Kr 

and Sc. Sc represents the ratio of the mass (species) and viscous diffusion time sales. It is also the ratio of 

momentum diffusivity to species diffusivity. Higher values of Sc correspond to higher density species diffusing 

in air. Increasing Sc lowers the chemical molecular diffusivity of the species. As Sc is increased the 

concentration boundary layer will become relatively thinner than the viscous (momentum) boundary layer. Fig. 

22 exhibits the variations in concentration of the fluid for different values of time t. It is evident from the figure 

that the concentration of the fluid increases for increasing values of time t. 

The numerical values of rate of mass transfer at the plate i.e.   0
C 


 


 , computed from the analytical 

expression (21), are presented in the Table.1 for various values of Sc and Kr. Table. 1 exhibits that the rate of 

mass transfer at the plate increases for increasing values of Sc and Kr.  

Table 1: Variations in mass transfer, when t=0.9, t1=1 

Kr Sc Sh 

1 

1.5 

2.5 

3.5 

0.60 

0.60 

0.60 

0.60 

2.2931 

2.2959 

2.3433 

2.4221 

1.5 

1.5 

1.5 

1.5 

0.22 

0.60 

0.78 

0.96 

1.2193 

2.0136 

2.2959 

2.5470 

The numerical values of rate of heat transfer at the plate i.e.   0
T 


 


 , computed from the analytical 

expression (22), are presented in the Tables 2. From this Table it is noticed that   0
T 


 


increases on 

increasing Pr, , Nr whereas, it decreases on increasing   R.  

Table 2:  Variations in rate of heat transfer under the effect of several parameters, when t=0.9 

R Nr Φ t1 Pr Nu 

0.5 

1 

1.5 

4 

4 

4 

3 

3 

3 

1 

1 

1 

7.1 

7.1 

7.1 

1.6597 

1.4696 

1.2794 

0.1 

0.1 

0.1 

4 

6 

8 

3 

3 

3 

1 

1 

1 

0.71 

0.71 

0.71 

0.1708 

0.4216 

0.3897 

0.1 

0.1 

0.1 

6 

6 

6 

1 

3 

5 

1 

1 

1 

0.71 

0.71 

0.71 

0.6535 

0.4216 

0.5008 

0.1 

0.1 

0.1 

4 

4 

4 

3 

3 

3 

1 

1.5 

2.0 

0.71 

0.71 

0.71 

0.6388 

0.4925 

0.4193 

0.5 

0.5 

0.5 

4 

4 

4 

3 

3 

3 

1 

1 

1 

0.71 

3 

5 

1.0439 

1.3959 

1.6597 

 

 The numerical values of shear stress   0
F 


 


 at the plate computed from the analytical expression (23), are 

presented in the tabular form in Table.3 for various values of Nr, M, m, R, Gc, K,  , t1. It is observed from 

Table.3 that the shear stress at the plate decreases on increasing t1,  M, m, R, K and     whereas it increases  on 

increasing Nr and Gc. 
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Table 3: Variations in skin friction under the effect of several parameters, when t=0.9, Sc=0.22, a=1, Kr=0.5 

M Gr Gc M R K Nr ϕ   

3 

3.5 

4 

5 

5 

5 

5 

5 

5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

4 

4 

4 

3 

3 

3 

7.5454 

8.5927 

9.6681 

3 

3 

3 

5 

10 

15 

5 

5 

5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

4 

4 

4 

3 

3 

3 

7.5454 

7.8513 

8.1573 

3 

3 

3 

5 

5 

5 

5 

10 

15 

1.5 

1.5 

1.5 

0.1 

0.1 

0.1 

0.5 

0.5 

0.5 

4 

4 

4 

3 

3 

3 

8.1487 

8.4546 

8.7606 

3 

3 

3 

5 

5 

5 

5 

5 

5 

0.5 

1 

1.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

4 

4 

4 

3 

3 

3 

7.5454 

6.5027 

5.6323 

3 

3 

3 

5 

5 

5 

5 

5 

5 

0.5 

0.5 

0.5 

0.5 

1 

1.5 

0.5 

0.5 

0.5 

4 

4 

4 

3 

3 

3 

7.5454 

6.7565 

5.9677 

3 

3 

3 

5 

5 

5 

5 

5 

5 

0.5 

0.5 

0.5 

1 

1 

1 

0.5 

1 

1.5 

4 

4 

4 

3 

3 

3 

6.7565 

6.2958 

6.1361 

3 

3 

3 

5 

5 

5 

5 

5 

5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

4 

6 

3 

3 

3 

7.5454 

8.1487 

8.1922 

3 

3 

3 

5 

5 

5 

5 

5 

5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

4 

4 

4 

1 

3 

5 

7.8053 

7.5454 

6.1353 

 

 
6. Conclusions 

An investigation of analytical study of ramped temperature influence on MHD convective chemical reactive and 

heat absorbing fluid past an exponentially accelerated vertical plate is carried out. Important findings of the 

problems are cited below.  

1. Primary and secondary velocities of the fluid flows are increasing for Gr, Gc, R, m, K whereas in the case 

of Nr, , Sc, Kr the primary  and secondary velocities are decreasing. 

2. Ramped temperature of the fluid is falling down for increasing values of Pr,   and the temperature rising 

for increasing values for Nr, R, t.  

3. Concentration of the fluid decreases for increasing values of Sc and Kr but it shows reverse effect for t. 

4. Coefficient of skin friction increases due to the increments in Gc, Nr and decreases for the increments in 

M, m, R, K,  . 

5. Coefficient of rate of heat transfer increases for the increasing values of Pr,  whereas it gives opposite 

reaction for the parameters R, Nr. 

6. Coefficient of rate of the mass transfer increases for increasing values of Sc and Kr. 
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