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Abstract  
 

This paper examines the steady-state momentum heat and mass 
transfer flow of a casson fluid flow in the existence of pre--

exponential factor. The velocity of the fluid over the vertical 

stretched pin is changed linearly with the axial distance while a 

Casson model is supposed for the viscosity. A similarity 
transformation eases the Navier-Stokes partial differential 

equations that are converted into ordinary differential equations 

and solved numerically for the concentration, velocity and 
temperature fields. Moreover, viscosity and conductivity are 

assumed to be dependent on temperature profile. Results are 

discussed for two boundary conditions of the pin, while 

diffusivity is dependent on concentration. A reaction in the form 
of pre--exponential factor is taken on the surface of pin. 

Parameters like the mixed convection parameter, viscosity 

parameter and the viscoelastic parameter are pin to control the 
flow field. In addition, the internal energy change and the Prandtl 

number are found to examine the temperature field inside the 

stretched pin. While the Schmidt number, temperature relative 
parameter, concentration buoyancy parameter, activation energy 

parameter and chemical reaction parameter control the 

concentration field. 
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Introduction  
 

In chemical system the amount of energy which can be required 
to control the atoms or molecules during a chemical reaction is 

known as pre--exponential factor. Firstly this term was 

introduced in 1889 by Svante Arrhenius a Swedish and it is 

measured in ( kj/mol). There is no pre--exponential in several 
elements and compounds when they react each other while some 
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atoms or molecules give specific amount of energy in the form 

of activation. Generally, pre--exponential is the unraveling 
boundary between two states of energy. Whenever this boundary 

of energy crosses, a chemical reaction will be started. A 

chemical reaction proceeds in an equitable rate if there exists a 

specific number of molecules or atoms with activation energy 
less than or equal to translational energy. In various fields such 

as oil reservoir, chemical and geothermal engineering, a part of 

pre--exponential is usually applicable experimentally due to 
chemical reaction which involves in the system. There are 

several publications in fluid mechanics which explains the 

physical features of pre--exponential factor along with chemical 
reaction. Influence of heat generation and energy activation in 

2D free convective flow over a permissible medium was 

discussed by Patil et al. [1]. Hayat et al. [2] elaborated chemical 

reaction effect on viscoelastic fluid flow in attendance of mass 
and heat transfer. They elaborated Homotopyanalysis method for 

the series solution and checked the rate of convergence of series 

solution. Maleaque [3] studied impact of change in internal 
energy and heat absorption on MHD boundary layer mass and 

heat transfer flow with energy activation and chemical reaction. 

Motsa et al. [4] scrutinized the impact of energy activation along 
with chemical reaction for unsteady revolving fluid flow over a 

stretchable surface. Shafique et al. [5] examined spinning flow of 

non--viscous fluid over an expanding surface under the impact of 

binary chemical reaction along with energy activation. Hsiao [6] 
took nanofluid and explained non-Newtonian flow with the 

existence of activation energy and gave a theoretical framework 

about the promotion of economic efficiency improvement in 
manufacturing process. Lu et al. [7] deliberated the impact of 

chemical reaction and activation energy on MHD revolving flow 

of viscoelastic fluid with non-Fourier's heat flux model. Hamid 

et al. [8] calculated the effects of binary chemical reaction along 
with energy activation on non-Newtonian fluid flow produced by 

stretching cylinder. Dhlamini et al. [9] presented a theoretical 

work of mixed convection flow over an infinite surface by 
assuming mutual effects of binary chemical reaction along with 

energy activation. Majeed et al. [10] studied the model of 

viscoelastic flow and found the solution by using Lobatto (iiia) 
scheme and checked the influence of energy activation and 
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chemical reaction upon different distributions. Khan et al. [11] 

considered influence of activation energy and investigated MHD 
stagnation point flow of viscoelastic fluid towards an extended 

surface. Ijazet el. [12] explored a model of Maxwell nanofluid 

with activation energy and flow was produced by stretching of 

an inclined cylinder. 
 

Heat transfer plays a vital role owing to their extensive uses in 

biomedicine, plasma physics, oceanography, metrology, physical 
chemistry and many others. Many engineering progressions like 

distillation of liquid, heat exchanger, refrigeration of atomic 

controller, etc are main applications of heat transfer. In fluid 
mechanics it was examined that viscosity creates resistance to 

the fluids motion, during this procedure some amount of 

mechanical energy is converted into heat energy. This procedure 

is called change in internal energy. Brinkman [13] was a person 
who firstly analyzed this fact in his research paper. He analyzed 

the effect of change in internal energy in capillary flow. Wei et 

al. [14] included change in internal energy effect in temperature 
equation and presented power law model. Jambal et al. [15] 

scrutinized change in internal energy effect for viscoelastic fluid 

in circular channel with step change ambient temperature. Kairi 
et al. [16] illustrated change in internal energy effect on natural 

convection mass and heat transfer over a vertical cone in an 

absorbent medium embedded with viscoelastic fluid. El-Aziz 

[17] discussed non-Newtonian fluid with change in internal 
energy and variable viscosity along a semi-infinite vertical 

elongating surface. Saleem et al. [18] presented a framework of 

change in internal energy and slip effect over a rotating cone. 
Sheri et al. [19] conferred the mass and heat transfer on MHD 

flow of Micro-polar fluid insight the effects of change in internal 

energy along with chemical reaction. Salahuddin et el. [20] 

discussed MHD Sisko fluid flow due to expanding cylinder 
under the effects of variable thermal conductivity and change in 

internal energy. Salahuddin et al. [21] scrutinized the effect of 

change in internal energy on MHD tangent hyperbolic fluid flow 
with convective boundary constraints over a nonlinear stretched 

surface. Salahuddin et al. [22] presented cumulative effects of 

Joule heating and change in internal energy on MHD Sisko fluid 
flow over a stretchable cylinder in existence of nano particles. 
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The phenomenon that designates the capacity of a material to 
transfer heat is known as thermal conductivity. It plays an 

important role for cooling of materials. However, it can be 

observed experimentally that thermal conductivity is affected by 

thickness and temperature especially when existence of 
temperature differences is very large. Due to this fact many 

scholars paid attention on the influence of temperature dependent 

thermal conductivity in stretching surface. Elbarbary et al. [23] 
discussed the influence of variable thermo-physical properties on 

Micro-polar fluid flow over a moving porous surface insight of 

radiation. Saleem [24] studied viscoelastic fluid flow over an 
elongated medium with variable viscosity and thermal 

conductivity. Ahmed et al. [25] scrutinized variable thermal 

conductivity on boundary layer flow past through an extended 

plate. Farooq et al. [26] studied 3-D unsteady mixed convection 
flow in appearance of variable thermal conductivity. Hamid et al. 

[27] discussed the impact of variable thermal conductivity on 

mixed convection flow of Williamson fluid with the incidence of 
nano-particles. 

 

Viscosity is the fundamental property of fluid that resists the 
movement of liquid and gas molecules. The variation in different 

factors like pressure, shear rate and temperature causes variation 

in fluid viscosity. The quality of Nylon and Rayon production, 

paper and textile manufacturing, plastics extrusion and many 
other engineering processes depends upon these factors. 

Therefore, it is important to assume that the viscosity will be 

dependent upon temperature. Pantokratoras [28] conferred 
influence of variable viscosity on MHD flow past through an 

extended surface. Tsai et el. [29] studied boundary layer flow 

past through an unceasing moving absorbent surface with 

temperature dependent thermo-physical properties. Malik et al. 
[30] conferred the impact of variable viscosity on boundary layer 

flow of viscoelastic fluid flow due to horizontally stretched 

cylinder. Salahuddin et al. [31] initiated a numerical clarification 
for viscoelastic fluid flow towards a stretchable surface and 

found the solution by using Keller Box method. Mohiuddin et al. 

[32] considered thermal conductivity and viscosity as an 
exponential function of temperature and gave an analysis to 
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obtain the flow of viscous fluid. Akinbobola et al. [33] 

scrutinized the impact of variable thermal conductivity and 
viscosity on second grade fluid flow past a stretchable surface 

insight heat source/sink. 

 

The conjugate influence of heat and mass transfer are of 
particular prominence in industrial and engineering processes. 

Chemical species and thermal diffusion are main causes for such 

enlargement in construction and helps in various technological 
innovations such as manufacturing of polymer and ceramic, 

nuclear safety, improved oil recovery, paper making and design 

machine, food processing, fog creation to diffusion, underground 
energy transport and many others. Therefore in the last few 

years, many researchers show great interest for influence of 

chemical species on the transport of mass in fluid flows. 

Muthucumaraswamy ([34-35]) studied the impact of variable 
diffusivity flow past a moving vertical plate and solved the 

model by using Laplace transformation. Rajesh et al. [36] 

scrutinized the impact of mass diffusion on MHD flow past 
through an absorbent medium. Jia et al. [37] discussed 1D 

advectionâ €“-diffusion equation for two different cases (i) when 

mass diffusion is constant and flow velocity is variable (ii) when 
both the velocity of flow and diffusion are variables. They 

obtained an analytical solution and make a comparison for two 

different situations. Li et al. [38] presented a model in which 

they discussed the impact of variable thermo-physical properties 
on nonlinear transitory responses of comprehensive diffusion-

thermo elasticity. Sheng et al. [39] discussed experimentally the 

mechanism of thermal diffusion for moving particles in a 
vibrated granular system. Qureshi et al. [40] investigated the 

impact of mass diffusion and thermal conductivity as functions 

of concentration and temperature on transportation of mass and 

heat in the flow of viscous fluid. Salahuddin et al. [41] conferred 
the impact of thermal diffusion and conductivity in Maxwell 

fluid flow past through an expanded surface in attendance of 

nano particles. Some latest publications related to this work are 
mentioned in Refs. [42-45].  

 

A cautious view of the current literature revels that, nobody has 
deliberated the influence of thermo-physical properties along 
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with pre--exponential factor and internal energy change for the 

viscoelastic fluid around a vertical moving pin. Due to this fact 
the current analysis has novelty and studied the demeanor of 

concentration and temperature dependent thermo-physical 

properties in presence of pre--exponential factor for the fluid 

around a vertical moving pin. Moreover, impact of internal 
energy change is taken in energy equation. The governing 

system of PDEs are reduced into a system of non-dimensional 

ODEs with the help of an apposite similarity transformations. An 
appropriate software of matlab (Bvp4c) is manipulated for the 

purpose of numerical solutions. The graphical influence of 

several parameters are inspected for momentum, energy and 
concentration fields. Tables of Nusselt number, skin friction and 

Sherwood numbers are presented and well argued. 

 

Problem Analysis  
 
Let us consider steady mixed convection and an in-compressible 

boundary layer transport of viscoelastic fluid flow through a 

vertical moving pin. The magnitude of moving pin is assumed as 
thin and its thickness is lower than the boundary layer thickness. 

The effect of transverse curvature is an important factor but the 

body forces and gradient of pressure are neglected due to small 

thickness of pin. Let us suppose that pin is moving with uniform 

velocity  uw  , in mainstream the uniform velocity is  u
 . 

Function  ( ) /r R x vcx U    describes the shape of 

vertically thin pin in which  
wU u u    represents combined 

velocity of mainstream and pin. Moreover, we assume that  T
  

and  Tw   are ambient fluid and funnel surface temperatures 

which are constants where  
wT T   . Following impact are 

encompassed in our model 

 

i)Variable Thermo-physical properties:  
 
Viscosity of fluid is changed when temperature difference is 

very large. We assume an inverse relation between viscosity and 

linear function of temperature i.e.  

 Figure  
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where
1

rT T 

   and  
1

0   are constants and  
0   

represents ambient dynamic viscosity. Fluid thermal property   

and reference state of fluid affected the performance of these 

constants. Usually for gases we take  as positive and for 

liquids  as negative. 

Impact of temperature dependent thermal conductivity comprises 

in energy equation. We assume a direct relation between thermal 

conductivity and temperature. i.e. 
 

 

( ) 1 ,
w

T T
K T K

T T
 





  
      

               (2)   

    

where temperature parameter   is very small. If 0   than 

thermal conductivity does not shows any variation. 

 

Similarly in concentration equation we encompass concentration 
dependent mass diffusion. There are large number of analogies 

exists between heat and mass transfer, one can measure that 

mass diffusion D and concentration C are linearly dependent to 

each other. i.e. 
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Figure 1: Flow geometry and coordinate system. 

 

 

1( ) 1 ,
w

C C
D C D

C C
 





  
      

         (3) 

 

  Where 
wC  constant concentration at the barrier of is pin and 

C
is ambient concentration. The concentration parameter  1   

is very small. Above equation indicates that there is no variation 

exist in mass diffusion if
1 0  .  

 

ii)Pre--exponential factor and change in internal energy:  It 
can be seen that pre-exponential factor is effected the rate of 

biochemical reaction. Recently most of the publication about the 

influence of pre--exponential factor shows the importance of this 
fact. Motivated from them we include Arrhenius pre--

exponential factor law (see ref [3]) in concentration equation i.e 

 



Prime Archives in Physical Sciences 

10                                                                                www.videleaf.com 

2 exp( )( ),

n

r

w

T Ea
K k C C

T kT





  
  

 
 

 

where K 
 represents chemical reaction rate and k is Boltzmann 

constant having value 5

8.61

10
eV/K. Physically constant k 

connecting the energy of individual particles, and combined 

particle levels.
2

rk is the constant rate of chemical reaction and Ea 

is the energy activation. 

In energy equation we include the impact of internal energy 
change. i.e 

 

 Internal energy change=  
1 2(1 )( )ru     

 

with the help of above assumption the non-dimensional form of 
governing equations after raising boussinesq and boundary layer 

approximations give us following form  
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    (7)      

along with boundary constraints are 

 

0, , , ( ),

, , .

w w wv u u T T C C when r R x

u u T T C C when r  

    

   
                         (8) 

 
Where (u,v) signifies component of velocity along axial x and 

radial r directions, respectively. Concentration and temperature 

of fluid is denoted by C and T, respectively. Coefficients of 

concentration and thermal expansions are denoted by  
C and

T
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.   , K and D are defined in Eqs. (1-3). Exponential fitted rate is 

denoted by n having range (-1,1) and density of fluid is denoted 

by  . 

 

We consider an opposite similarity transformation  
2

0

r U
x

    and 

propose non-dimensional function  ( )   ,  ( )    and  ( )f    

as   

0

( ) , ( ) , ( ) ,
w w

C C T T
f

C C T T x


    


 

 

 
  

 
               (9)        

                         

where  is a stream function which can be demarcated as   

 

1 1
,r xu and v

r r
 


               (10) 

 

in-compressibility condition (4) is fulfilled identically and Eqs. 
((5)-(7)) give the following nonlinear dimensionless form   
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along boundary restrictions 

 

, , 1, 1 ,
2 2

1
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2
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                             (14)         

 

Where  wu

U
    is the ratio between the velocity of the pin and 

combined velocity of mainstream and pin. Note that  0    

corresponds the static pin in a Blassius flow (moving fluid) and  

1    indicates the moving pin in Sakiadis flow (stationery 
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fluid). Prime signifies the derivative with respect to    . Eqs. 

((11)-(13)) include the non-dimensional mixed convection 

parameter    , variable thickness parameter
r , Prandtl number 

Pr, Schmidt number Sc, temperature relative parameter    , 

Eckert number Ec, concentration buoyancy parameter N, 

activation energy parameter E and chemical reaction parameter  

m   which are defined as follows.  

 

0 0

2

22

1
, Pr , , ,
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       (15) 

 

where
3

0

( )T wg T T x

xGr





   is local Grashof number which gives 

the ratio between buoyancy and viscous forces. 

 

The physical properties of fluid like Sherwood number  
xSh  , 

Nusselt number  
xNu  , and skin friction coefficient  C f   are 

written as  

2
, , ,

( ) ( )

w w w
x x f

w w

xj xq
Sh Nu C

D C C k T T U



 

  
 

          (16) 

 

where
wq   represents heat flux,  

wj   denotes mass flux at surface 

and  
w   is skin friction which can be written as  

 
1

( ) ( )| , | , (1 )( ),w r r R x w r r R x w x rj D C q k T v u   

                 

 

    (17)   
  

after imposing the transformation in Eq. (16) we obtained the 

following non-dimensional form  
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Here  
0

Re Ux
x 
   represents Renold's number. 

 

Numerical Solution  
 

In this section we describe the numerical solution of the 
governing problem which is clarified via Bvp4c technique. To 

achieve this, Bvp4c scheme is betrothed to discretize the 

conservative 3rd and 2nd order equations into 1st order form. 
For the purpose of residual solution a finite point is used instead 

of infinity and adjusted initial guesses according to different 

parameters. Moreover, we create error controller and mesh 
collection. Tolerance of relative error has been set to 0.000001. 

For the perseverance of this technique, we revise higher order 

(Eqs. (11)--(13)) into first order differential equations as follow   

 

1 2 3, , ,f y f y f y     
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Results and Conversation  
 

In this portion we graphically analyze the behavior of 

dimensionless parameters upon concentration, fluid velocity and 

temperature dissemination's. Furthermore we describe the 
influence of non-dimensional parameters on physical 

characteristics of fluid like skin friction, Nusselt and Sherwood 

number's through tables. 
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Influence of   upon velocity dissemination: The variation of

  on velocity dissemination for definite values of m is shown in 

Figure 2. We observe that axial velocity component of f  

monotonically increases with the variable if 0 0.5  , but 

component of velocity decreases with the increment of  

whenever     is greater than 0.5. It can be seen that axial 

component of velocity decreases at the barrier of pin but 

increases away from the pin when     is greater than 0.5 but 

velocity dissemination behaves oppositely whenever  

0 0.5   . At 0.5    we observe that velocity shows 

constant behavior. 

 

Influence of visco-elastic parameter   upon velocity 

dissemination: Figure 3 depicts the impact of viscoelastic 

parameter   on velocity dissemination. Figure illustrates that 

fluid velocity dissemination and thickness of momentum 

boundary layer declines for an amplified value of  . 

Experimentally it is observe that parameter   is directly related 

to the fluid viscosity and inversely related to the yield stress. So 

these factors reduce the boundary layer thickness of 
hydrodynamic(momentum) and velocity of fluid. 

 

Influence of   upon velocity dissemination: Mixed 

convection parameter   is a ratio between buoyancy and inertial 

forces. The demeanor of this parameter on velocity 
dissemination is displayed in Figure 4. It can be seen that for 

superior values of mixed convection parameter both momentum 

and velocity boundary layer thickness increases. It is important 

to include that values of    are either zero or non-zero depends 

upon nonexistence or existence of mixed convection parameter. 

Moreover positive values of   identifies that heat is convicted 

from barrier of pin to the fluid flow. It is observe that with the 

increment of   inertial force decreases where buoyancy force 

and
wT T  increases. These circumstances increase the velocity 

of fluid. 
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Influence of concentration buoyancy parameter N upon 
velocity dissemination: Figure 5 clarifies the behavior of 

velocity dissemination for different values of concentration 

buoyancy parameter N. We observe that superior values of 

parameter N give a magnifying behavior of velocity 
dissemination.  

 

Influence of
r  upon velocity dissemination: Figure 6 

illustrates the graphical demeanor of velocity dissemination for 

different values of viscosity parameter
r . We noted that the 

thickness of velocity boundary layer and velocity dissemination 
condenses for higher values of viscosity parameter. The reason is 

that resistance of the flow is inversely proportional to fluid 

velocity and the amplification of fluid viscosity makes an 
increment on the resistance of the fluid which condenses the 

fluid velocity. 

 

Influence of   upon temperature dissemination: The 

influence of thermal conductivity parameter   upon non-

dimensional temperature dissemination is displayed in Figure 7. 

We observe that when thermal conductivity is constant i.e. 0   

than fluid temperature is smaller as compare to temperature of 
fluid when thermal conductivity is variable. Thickness of 

thermal boundary layer and temperature dissemination increases 

for large values of  . We see that thermal boundary layer 

thickness of fluid is larger for variable thermal conductivity and 

smaller for constant thermal conductivity. 

 

Influence of Eckert number Ec upon temperature 

dissemination: Demeanor of temperature dissemination for 

several values of Eckert parameter Ec is presented in Figure 8. It 
can be seen that non-dimensional temperature significantly 

increases for mounting values of Ec. Since Ec appears as 

coefficient of internal energy change so increase in fluid 

temperature is understandable. Moreover, an increase in Eckert 
number correspond to a case when heat is dissipated due to 

viscous force this dissipated heat flows towards the fluid. Due to 

this fact temperature of fluid increases. Figure shows that 
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thermal boundary layer thickness enhances for superior values of 

Eckert number. Ec=0 correspond to a case in which change in 
internal energy is in--significant. We observe that temperature of 

fluid is larger when change in internal energy is insignificant as 

compare to temperature of fluid in which change in internal 

energy is significant. Practically for viscoelastic fluid flow, 
negligible internal energy change is more suitable to control the 

thermal boundary thickness.  

 

Influence of Prandtl number Pr upon temperature 

dissemination: Dimensionless temperature dissemination for 

distinct values of Pr is displayed in Figure 9. It has been 
observed that for improving Prandtl number Pr both 

temperatures dissemination and thermal boundary layer 

thickness condenses. Physically Prandtl number Pr is inversely 

proportional to thermal diffusivity , so an escalation in Prandtl 
number is a cause of weedier thermal diffusion. Due to this fact 

temperature dissemination reduces.  

 

Influence of
m  upon Concentration dissemination: Impact of 

chemical reaction rate parameter
m  for various values upon 

concentration dissemination inside the boundary layer is 
demonstrated in Figure 10. We noticed that if we improve the 

values of chemical reaction rate parameter 
m  we get 

plummeting behavior of concentration dissemination inside the 

thermal boundary layer expanse. The reason is that mounting the 

parameter
m   causes condensing of mass transfer boundary 

layer. This condensed value of mass reduces the concentration 
dissemination. 

 

Influence of
1  upon Concentration dissemination: Figure 11 

shows the demeanor of concentration dissemination for various 

values of mass diffusion coefficient  
1  . We noted that 

dispersing specie has growing behavior for growing values of 

diffusion coefficient
1 . Therefore thickness of concentration 

boundary layer increases when  
1  is enlarged. 
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Influence of dimensionless energy activation parameter E
upon Concentration dissemination: Figure 12 displays the 

impact of dimensionless activation energy E upon concentration 

dissemination. Generally energy activation is the amount of 
energy that is used to stimulate atoms or molecules for chemical 

reaction. There should be a considerable number of atoms whose 

activation energy is less than or equal to translational energy in a 
chemical reaction. We observe that solute layer thickness and 

concentration dissemination grows for mounting value of 

parameter E. We examine that greater value of activation energy 

parameter E creates an increment in term exp( )Ea
kT
   which leads 

to modifies in concentration dissemination. 

 

Influence of Schmidt number Sc upon Concentration 

dissemination: Demeanor of concentration dissemination for 
several values of parameter Sc is described in Figure 13. 

Schmidt number is the ratio between the diffusivity of 

hydrodynamic (momentum) and mass respectively. Moreover, 
Schmidt number Sc describes the comparative thickness of 

concentration layer to momentum layer. Higher Schmidt number 

Sc attributes smaller mass diffusivity. So existence of Sc in 

concentration equation considerably modifies concentration 
dissemination regime. Figure indicates that concentration 

dissemination reduces for amplifying values ofSc. 

 
Influence of fitted rate constant n upon Concentration figure: 

Performance of concentration dissemination for miscellaneous 

values of fitted rate constant n is labeled in Figure 14. We 

observe that the factor  
1

(1 ) exp( )n E
m 

  


   increases for 

increasing values of n. This factor creates destruction in 

chemical reaction which escalates the fluid concentration. 
 

Influence of temperature difference parameter   on 

concentration dissemination: We analyze the impact of 

temperature difference parameter  upon concentration 

dissemination in Figure 15. We observe that    and solute 

concentration are inversely proportional to each other. Graph 
infers that concentration boundary layer thickness condenses 

when there exists a large difference between ambient 
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temperature and surface temperature of pin. 

Demeanor of skin friction: Table 1 gives the numerical 
behaviors of skin friction coefficient for different values of 

parameter  , N and
r  . We observe that absolute value of skin 

friction coefficient reduces for growing values of   and N. 

However, skin friction gives an opposite behavior for increasing 

values of
r . 

 

Demeanor of Nusselt number: Table 2 demonstrates the 
performance of local Nusselt number for miscellaneous values of 

non-dimensional parameters. First three entries of last column 

indicate that local Nusselt number develops for higher values of 

velocity ratio parameter  . In short, we can say that local 

Nusselt number is linearly dependent upon velocity ratio 

parameter . Table clarifies that the heat transfer rate decreases 

when viscoelastic parameter   is enlarged. We found that 

Nusselt number also declines when the temperature difference 

parameter   enhances. We also noticed that Nusselt number 

condenses for rising values of Eckert number Ec . Table infer 

that local Nusselt number mounted for escalating values of Pr. 

Nusselt number gives mounting behavior for higher absolute 

value of  
r . 

 

Demeanor of Sherwood number: Behavior of Sherwood 

number for miscellaneous values of embedded parameters , 
1

, Sc,
m ,  and E is illuminated in Table 3. We found that 

Sherwood number enhances when velocity of the needle is larger 
than the velocity of mainstream. We find an accumulating 

behavior of Sherwood number for growing values of  ,  
m  , 

  , Sc and n. But we obtain a shrinkage behavior of Sherwood 

number for higher values of  
1   and E. 

 
 

 Table  
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Figure 2: Significance of α on f  ( ). 

 

 
 

Figure 3: Significance ofγ on f  ( ). 
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Figure 4: Significance of  λ on f  ( ). 

 
Figure 5: Significance of N on f  ( ). 
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Figure 6: Significance of 
r  on f  ( ) 

 

 
 
Figure 7: Significance of   on θ(η). 
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Figure 8: Significance of Ec on θ(η) 

 

 
 
Figure 9: Significance of Pr on θ(η). 
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Figure 10: Significance of 
m on φ(η). 

 

 
 

Figure 11: Significance of 
1  on φ(η). 
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Figure 12: Significance of E on φ(η). 
 

 
 
Figure 13: Significance of Sc on φ(η). 
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Figure 14: Significance of n on φ(η). 
 

 
 
Figure 15: Significance ofδ on φ(η). 
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Table 1: Skin friction coefficient for distinct values of λ , N and 
r
 when m = 

1.1, α = 0.4, γ = ∞, = 0.4, Pr=1, E=1.2, Ec=0.7, 
1  = 0.4, Sc=1 and 

m = 

0.6. 

 
N 

  Cf

1

2
xRe  

0.2 0.4  -1.8973 

0.6   -1.8257 

1.0   -1.7632 

1.2 0.4  -1.8973 

 0.8  -1.6342 

 1.2  -1.5421 

 0.4 -1.0 -1.8973 

  -0.7 -1.9681 

  -0.4 -2.0356 

  -0.1 -2.1428 

 

Table 2: Local Nusselt number for distinct values of 
r , α, Pr and γ when 

m=1.1, N=0.4, λ = 0.2, 
1 = 0.2 and Sc=1. 

 

α   Pr Ec 
r  γ 

xNu
1

2
xRe  

0.2      2.6835 

0.3      2.7293 

0.4      2.7506 

0.2 0.2     2.6835 

 0.7     2.4318 

 1.2     2.3279 

 1.7     2.1873 

 0.2 0.6    2.6835 

  1.0    2.8518 

  1.4    2.8946 

  1.7    2.9395 

  0.6 0.2   2.6835 

   0.4   2.6317 

   0.6   2.5942 

   0.8   2.5831 

   0.2 -0.5  2.6835 

    -0.4  2.5364 

    -0.3  2.4122 

    -0.2  2.1749 

    -0.5 2 2.6835 

     5 2.6671 
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     8 2.6347 

     12 2.6136 

 

Table 3: Sherwood number for distinct values of α,
m ,δ, Sc, E,

1  and   

when m=1.1, γ = ∞, λ = 0.4,  = 0.3, N=0.4 and Pr=1 and Ec=1.5. 

 
α σm δ Sc n 

 

E Sh
1

2
xRe  

0.2       0.4946 

0.4       0.4773 

0.6       0.4682 

0.2 0.8      0.5263 

 1.2      0.5683 

 1.6      0.5725 

 0.4 0.8     0.5076 

  1.2     0.5102 

  1.6     0.5188 

  0.4 1.0    0.5009 

   1.4    0.5053 

   1.8    0.5086 

   0.6 2   0.5614 

    3   0.6075 

    4   0.6338 

    1 0.4  0.4897 

     0.6  0.4839 

     0.8  0.4790 

     0.1 1.0 0.4862 

      1.5 0.4819 

      2.0 0.4776 

 

Deductive Remarks  
 

We have performed the investigation on boundary layer flow 

over continuously moving vertical pin in a viscoelastic fluid 

flow. This manuscript is based on the assumptions of variable 
thermo-physical properties of fluid along with pre--exponential 

factor and internal energy change. Extracted similarity equations 

are solved by software of Matlab (Bvp4c). Existing investigation 
enable us to draw the following worth mentioning remarks: 

 

 Velocity dissemination increases when  0 0.5   . But 

velocity dissemination decreases when ratio parameter is 
greater than 0.5. Velocity profile does not show any 



Prime Archives in Physical Sciences 

28                                                                                www.videleaf.com 

variation when  0.5  . 

 Velocity dissemination falls for growing values of 

viscoelastic parameters   but in  case of mixed convection 

parameter   we get opposite behavior. 

 Velocity dissemination enhances for improving values ofN 

but declines for improving values of 
r . 

 Temperature dissemination expands for expending values 

of  and Ec but declines for expanding values of Prand

m . 

 Demeanor of fluid concentration amplifies for an 

amplifying values of
1  and non-dimensional activation 

energy parameter E. 

 Concentration dissemination upswings for larger values of 

fitted rate constant n. 

 Fluid concentration gives magnifying behavior for 

reducing values of Scand  . 

 Absolute values of skin friction condenses for larger 

values of buoyancy concentration parameter N and mixed 

convection parameter   but gives a conflicting behavior 

for large values of variable thermal conductivity parameter 

r . 

 Numerical values of local Nusselt number upswings if the 

values temperature difference parameter  , viscosity 

parameter
r  , Eckert number Ec and viscoelastic 

parameter     is decreases but give an opposite behavior if 

the values of and  andPr increases. 

 Sherwood number enhances for higher values of 
m ,  , 

Sc and n but reduces for  
1 ,  and E. 
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