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ABSTRACT 
In this paper the effects of suction, thermal radiation, heat generation on the unsteady flow of a Casson fluid over an 
exponentially stretching sheet in the presence of Hall currents with convective boundary condition is investigated. The 
governing equations of the flow are formulated and solved numerically on introducing suitable similarity 
transformations. The computational results indicate that the magnetic field acts as a resisting force on the primary 
velocity while it has an opposite influence on the secondary velocity. The Biot number and thermal radiation parameter 
enhance the temperature. The rate of mass transfer is reduced with Schmidt number. 
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1 INTRODUCTION  
 
Magyari and Keller (1999) are the first researchers to analyse the free convection flow, heat and mass transfer of an 
incompressible viscous fluid from an exponentially stretching vertical surface. They obtained similarity solutions 
pertaining to an exponential stretching and exponential temperature of the continuous surface. Following this study, 
several researchers studied the laminar boundary layer flow and heat transfer of a viscous fluid over an exponentially 
stretching surface under different conditions.  The study of non-Newtonian fluids due to an exponential stretching sheet 
finds applications in chemical industry. Nadeem et al. [2011] analyzed the effect of thermal radiation on the boundary 
layer flow of a Jeffery fluid past an exponentially stretching surface. Pavithra and Gireesha [2013] made a numerical 
study of the boundary layer flow and heat transfer of a dusty fluid over an exponentially stretching surface taking into 
account the viscous dissipation and internal heat generation and absorption. Anwar et al. [2014] analysed the unsteady 
MHD mixed convective boundary layer flow of a nanofluid over an exponentially stretching sheet in porous media.  
Nadeem and Hussain [2014] investigated the heat transfer of a pseudo plastic fluid past an exponentially porous 
stretching surface modelling as a Williamson fluid. Convective heat transfer is of the excessive significance in 
procedures in which high temperatures are involved. For example, gas turbines, nuclear plants, storage of thermal 
energy etc.  Referring to numerous industrial and engineering processes the convective boundary conditions are more 
practical including material drying, transpiration cooling process etc.  Nadeem et al [2014] investigated the steady 
stagnant point oblique flow of a Casson nanofluid with convective fluid temperature on the surface while the ambient 
fluid has a constant temperature. Sohail Nadeem et al. [2014] discussed the steady MHD three dimensional boundary 
layer flow of a Casson nanofluid past a linearly stretching with convective condition along the surface. Mahanta and 
Shaw [2015] analyzed the 3 dimensional MHD Casson fluid flows past a porous linearly stretching sheet with 
convective boundary condition.  Mukopadhyay et al. [2014] studied the boundary layer flow of a Casson fluid over an 
exponentially stretching under the influence of a magnetic field, thermal radiation and suction/injection.  The surface is 
prescribed by an exponential heat flux.   
 
In recent years the theoretical study of effects of Hall current on MHD flows has been a subject of great interest due to 
its widely spread applications in power generators and pumps, Hall accelerators, refrigeration coils, electric 
transformers, in flight MHD, solar physics involved in the sunspot development, the solar cycle, the structure of 
magnetic stars, electronic system cooling,  fiber and granular insulation, oil extraction, thermal energy storage and flow 
through filtering devices and porous material regenerative heat exchangers. Usually Hall term representing the Hall 
current was ignored in applying Ohm’s law, because it has no remarkable effect for small and moderate values of 
magnetic field, The effects of Hall current are very important if a strong magnetic field is applied (Cramer, 1973), 
because, for a strong magnetic field the electromagnetic force is noticeable. The recent investigations for the 
applications of MHD are towards a strong magnetic field, due to which study of Hall current becomes significant.  
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The studies on fluid flows over an exponentially stretching surface with Hall currents in literature are very limited. 
Aziz and Nabil [2012] presented the effect of thermal radiation on steady MHD mixed convection flow past an 
exponentially stretching sheet with Hall currents assigning wall temperature and stretching velocity to vary according 
to specific exponential forms. Youcef Arirat and Kamel Handache [2014] studied the effect of Hall currents and 
thermal convection on the electrically conducting micropolar fluid. They proved that long – time and large date 
existence of a weak solution with decreasing energy to the system posed in a bounded domain along with initial 
boundary conditions.  The studies on Casson fluid flows with Hall currents are very few. Afikuzzaman et al [2015] 
studied the effects of Hall currents on the unsteady Casson fluid flow through a parallel plate channel by maintaining 
constant temperatures on the plates subject to a transverse magnetic field. One of the plates is taken as stationary and 
the other plate is moving with an exponentially decaying pressure gradient along the flow direction.  
 
To the best of the knowledge of the authors no study on the heat and mass transfer flow of a Casson fluid with 
convective heat flux on the surface is available In this chapter we made an attempt to analyse the influence of thermal 
radiation, temperature dependent heat source on the unsteady boundary layer flow heat and mass transfer of a Casson 
fluid over an exponentially stretching sheet with Hall currents with first order chemical reaction. 
 
2 MATHEMATICAL FORMULATION 
 
Consider the flow of an incompressible Casson fluid past a flat sheet which coincides with the plane y = 0. The fluid 
flow is confined to y > 0.  Two equal and opposite forces are applied along the x-axis, so that the wall is stretched 
keeping the origin fixed. The stretching surface has the velocity Uw (x, t) = U0

(1−αt)
ex L⁄

, α is a positive constant with 
dimension reciprocal time, L is the reference length, t is the time, We consider the convective heating process and 
hence the temperature on the  surface shall be determined. The concentration at the surface 𝐶𝐶𝑤𝑤  and the ambient value 
𝐶𝐶∞ attained as y tends to infinity are assumed to take constant values.  A uniform magnetic field of strength B is applied 
normally to the stretching surface which produces magnetic effect in the x-axis. The effect of the induced magnetic 
field is neglected by taking a small magnetic Reynolds number.The effect of Hall current is to generate a force in the    
z – direction, which results in a cross flow in that direction, and hence the flow becomes three – dimensional. To 
simply the problem, we assume that there is no variation of flow variables in the z – direction; this assumption is valid 
if the plate would be of infinite extent in this direction.  The generalized Ohm’s law including Hall currents is given by  

𝐽𝐽 = 𝜎𝜎(𝐸𝐸 + 𝑉𝑉 × 𝐵𝐵 − 1
𝑒𝑒𝑒𝑒𝑒𝑒

𝐽𝐽 × 𝐵𝐵 + 1
𝑒𝑒𝑒𝑒𝑒𝑒

∇𝑃𝑃𝑒𝑒)                                                                                             (1) 
 
where 𝐽𝐽 = (𝐽𝐽𝑥𝑥 , 𝐽𝐽𝑦𝑦 , 𝐽𝐽𝑧𝑧)  is the current density vector, V is the velocity vector, E is the intensity vector of the electric field 

vector, B = (0, B, 0) is the magnetic induction vector, 𝜎𝜎(𝜎𝜎 = 𝑒𝑒2𝑛𝑛𝑒𝑒𝑡𝑡𝑒𝑒
𝑚𝑚𝑒𝑒

) is the electrical conductivity,  𝑡𝑡𝑒𝑒  is the electron 
collision time, e is the electron charge, 𝑛𝑛𝑒𝑒  is the electron number density,  𝑚𝑚𝑒𝑒  is the mass of electrons and 𝑃𝑃𝑒𝑒  is the 
electron pressure.  In addition, there is no applied electric field in this work. The equation of conservation of electric 
charge ∇. 𝐽𝐽 = 0 results in 𝐽𝐽𝑦𝑦 = constant, this indicates that 𝐽𝐽𝑦𝑦 = 0  every-where in the flow.  
 Hence (1) reduces to  

𝐽𝐽𝑥𝑥 = 𝜎𝜎𝜎𝜎
(1+𝑚𝑚2)

(𝑚𝑚𝑚𝑚 − 𝑤𝑤)                                                                                                                          (2) 

𝐽𝐽𝑧𝑧 = 𝜎𝜎𝜎𝜎
(1+𝑚𝑚2)

(𝑢𝑢 + 𝑚𝑚𝑚𝑚)                                                                                                                          (3) 
where (u, v, w) are the velocity components in the (x, y, z) directions respectively, m (= 𝜔𝜔𝑒𝑒𝑡𝑡𝑒𝑒) is the Hall parameter, 
𝜔𝜔𝑒𝑒  is the electron frequency. 
 
The continuity, momentum, energy and concentration equations governing such type of flow invoking the Boussinesq’s 
approximation can be written as 

∂u
∂x

 +  ∂v
∂y

 =  0                                                                                                                                      (4)        
∂u
∂t

+ u ∂u
∂x

+ v ∂u
∂y

 = (1 + 1
β
)ν ∂

2u
∂y2 + gβ(T − T∞) + gβ∗(C − C∞)  − σB2

ρ(1+m2)
(u + mw)                       (5)                                                                                                                         

∂w
∂t

+ u ∂w
∂x

+ v ∂w
∂y

 = (1 + 1
β
)ν ∂

2w
∂y2  +  σB2

ρ(1+m2)
(mu − w)                                                                     (6) 

∂T
∂t

+ u ∂T
∂x

+ v ∂T
∂y

= K
ρcp

∂2T
∂y2 −

1
ρcp

∂qr
∂y

+ Q0
ρcp

(T − T∞)                                                                              (7) 
∂C
∂t

+ u ∂C
∂x

+ v ∂C
∂y

= D ∂2C
∂y2 − k(C − C∞)                                                                                                  (8) 

 
The boundary conditions are 

u = Uw (x, t), v = −Vw (x, t), w = 0, −𝐾𝐾 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= ℎ𝑤𝑤(𝑇𝑇𝑓𝑓 − 𝑇𝑇)  C = Cw (x, t) at y = 0                                 (9) 
u → 0, w → 0, T →  T∞, C →  C∞ as y → ∞                                                                                          (10) 
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where u, v are the fluid velocity components along x and y axes respectively,  𝜈𝜈 is the kinematic viscosity, g is the 
gravity field, 𝛽𝛽𝑇𝑇  is the volumetric coefficient of thermal expansion, 𝛽𝛽𝐶𝐶  is the coefficient of expansion with 
concentration, 𝜌𝜌 is the density of the fluid, β = 𝜇𝜇𝐵𝐵 �2𝜋𝜋𝑐𝑐 𝑃𝑃𝑦𝑦� is parameter of the Casson fluid, T is the fluid temperature, 
C is the fluid concentration, 𝜎𝜎 is the electrical conductivity, 𝑐𝑐𝑝𝑝  is the specific heat at constant pressure, K is the thermal 
conductivity of the medium, 𝑞𝑞𝑟𝑟  is the radiation heat flux, 𝑄𝑄0 is the uniform volumetric heat generation and absorption, 

D is the mass diffusivity, k is the chemical reaction, Vw (x, t) = fw � U0ν
2L(1−αt)

�
1 2⁄

ex 2L⁄  is the velocity of suction      
(𝑉𝑉𝑤𝑤 > 0), 𝑓𝑓𝑤𝑤 ≥ 0 is the suction parameter  
 
We introduce the stream function 𝜓𝜓(𝑥𝑥,𝑦𝑦) such that 𝑢𝑢 =  𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
 and   𝑣𝑣 =  −𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
.   

 
The governing partial differential equations (5) - (8) can be reduced to a set of ordinary differential equations on 
introducing the following similarity variables: 

η =  � U0
2νL(1−αt)

ex 2L⁄ y,               𝑤𝑤 =  U0
(1−αt)

ex L⁄ ℎ(η),                                                                                 (11) 

ψ(x, y) = �2U0νL
(1−αt)

ex 2L⁄  f(η),                                                                                                                    (12) 

𝜃𝜃 = 𝑇𝑇−𝑇𝑇∞
𝑇𝑇𝑓𝑓−𝑇𝑇∞

,    𝜙𝜙 = 𝐶𝐶−𝐶𝐶∞
𝐶𝐶𝑤𝑤−𝐶𝐶∞

                                                                                                                                                                                     (13) 

B2 = B0
2(1 − αt)−1                                                                                                                             (14) 

 
where 𝐵𝐵0 is the magnetic field flux density. 
 
Using (11) - (14) in equations (5) - (8) we obtain the following set of ordinary differential equations: 

(1 + 1
β
) f ′′′ + ff ′′ − 2f ′2 − e−X �A(2f ′ + ηf ′′) + 2M

1+m2 (f ′ + mg)� + (Grθ + Gcϕ) =0                       (15) 

(1 + 1
β
)g′′ + fg′ − 2f ′g + 2M

1+m2 (mf ′ − g) = 0                                                                                    (16) 

θ′′(1 + 4
3

Nr) + Pr�fθ′ − e−X Aηθ′ + δθ� =  0                                                                                     (17) 
ϕ′′ + Sc�fϕ′ − e−X Aηϕ′ − γϕ� = 0                                                                                                      (18) 

 
The corresponding boundary conditions are  

η = 0 :  f =  fw , f ′ =  1, g = 0,𝜃𝜃 ′(0) = −𝐵𝐵𝐵𝐵(1 − 𝜃𝜃),   ϕ = 1, 
η → ∞: f ′ → 0, g → 0, θ → 0, ϕ → 0,                                                                                             (19) 

 
Where the primes denote the differentiation with respect to η,  X = x L⁄   is the dimensionless coordinate, 𝐴𝐴 = 𝛼𝛼𝛼𝛼 𝑈𝑈0⁄  is 
the unsteadiness parameter, M = σB0

2L U0ρ⁄  magnetic parameter, Gr = gβT∆TL Uw
2⁄   is the thermal Grashof number, 

Gc = gβc∆TL Uw
2⁄   is the Solutal Grashof number, Pr = ρcpν k⁄   is the Prandtl number, Nr = 4σ∗T∞3 Kk∗⁄   is the 

thermal radiation parameter, Sc = ν D⁄  is the Schmidt number, 𝐵𝐵𝐵𝐵 = − hw k⁄ �𝜈𝜈 𝑎𝑎⁄  is the Biot number, γ = kL Uw⁄  is 
the Chemical reaction parameter, δ = Q0L Uwρcp⁄    is the heat generation (δ > 0) and absorption (δ < 0) parameter. 
 
The major physical quantities of interest are the local skin friction, the local Nusselt number and the local Sherwood 
number and are defined respectively by 

𝐶𝐶𝑓𝑓𝑓𝑓𝑅𝑅𝑒𝑒𝑥𝑥
1
2 = 2 �1 + 1

𝛽𝛽
� 𝑓𝑓 ′′(0), 𝐶𝐶𝑓𝑓𝑓𝑓𝑅𝑅𝑒𝑒𝑥𝑥

1
2 = 2 �1 + 1

𝛽𝛽
� 𝑔𝑔′(0)                                                                    (19) 

𝑁𝑁𝑢𝑢𝑥𝑥𝑅𝑅𝑒𝑒𝑥𝑥
−1

2 =  −𝜃𝜃 ′(0) 𝑎𝑎𝑎𝑎𝑎𝑎  Sℎ𝑥𝑥R𝑒𝑒𝑥𝑥
−1/2  = ∅′(0)                                                                                (20) 

 
3 RESULTS AND DISCUSSION 
 
The objective of the present analysis is to understand the effects of Hall currents and chemical reaction on the unsteady 
flow of a Casson incompressible fluid past an exponentially stretching sheet in the presence of temperature dependent 
heat source and thermal radiation with convective boundary condition. The non –linear coupled equations governing 
the flow are solved by the Runge-Kutta fourth order method along with the shooting technique. To validate the 
accuracy of the numerical scheme the present results are compared with those of Elbashbeshy et al. (2012), Ishak 
(2011) viz., – θ′(0)  in the absence of Hall currents and concentration in the unsteady case and for the corresponding 
steady case with those of and with Kameswaran (2012) i.e.  – 𝑓𝑓 ′′(0) in the absence of suction, Hall parameter, thermal 
and solutal buoyancy, heat generation/absorption and Prandtl number for a steady flow. 𝑋𝑋 =  𝐴𝐴 =  𝐺𝐺𝐺𝐺 =  𝐺𝐺𝐺𝐺 =  𝛿𝛿 =
 𝑚𝑚 =  𝐸𝐸𝐸𝐸 = 𝑁𝑁𝑁𝑁 = 𝑓𝑓𝑓𝑓 = 𝐵𝐵𝐵𝐵 =  𝜙𝜙 =  0 for different values of M and Pr. The compared values of – θ′(0)  and –𝑓𝑓 ′′(0) 
are presented in Tables 1 and 2  which are found to be in good agreement with the said published results. 
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Table 1:   Comparison of the values of –𝑓𝑓’’(0) for various values of M with 

 𝑚𝑚 = 𝐴𝐴 = 𝛿𝛿 = 𝐺𝐺𝐺𝐺 = 𝐺𝐺𝐺𝐺 = 𝛽𝛽 = 𝑃𝑃𝑃𝑃 = 𝑁𝑁𝑁𝑁 = 𝑆𝑆𝑆𝑆 = 𝛾𝛾 = 𝑓𝑓𝑓𝑓 = 𝐵𝐵𝐵𝐵 = 0 
M Kameswaran[ 2012] Present results 
0 
1 
2 
3 

1.28181 
1.62918 
1.91262 
2.15874 

1.281857 
1.629178 
1.912624 
2.158742 

 
Table 2:   Comparison of the values of –𝜃𝜃′(0) for various values of Pr with 

   𝑀𝑀 =  𝑚𝑚 = 𝐺𝐺𝐺𝐺 = 𝐺𝐺𝐺𝐺 = 𝛽𝛽 = 𝑁𝑁𝑁𝑁 = 𝑆𝑆𝑆𝑆 = 𝛾𝛾 = 𝑓𝑓𝑓𝑓 = 𝐵𝐵𝐵𝐵 = 0 
Pr  Elbashbeshy et al [2012 ]  Ishak [2011]  Present      results 

1.0 
2.0 
3.0 
5.0 
10.0 

0.95478 
1.47146 
1.86907 
2.50013 
3.66.37 

0.9547 
1.4714 
1.8691 
2.5001 

      3.6603 

0.9547 
1.4714 
1.86907 
2.5001 
3.66035 

In order to analyze the effects Casson parameter, Hall current, thermal buoyancy force, solutal buoyancy force, 
chemical reaction, heat source/absorption, thermal radiation, convective heat at the boundary and unsteadiness on the 
flow-field, the computational values of the flow variables are presented graphically and discussed  for various values of 
the governing parameters. 
 
The influence of the Casson parameter is plotted in Figs. 1 – 4.  It is noticed that Casson parameter enhances both the 
velocities decreases. The associated boundary layers are thinner. In the unsteady case the flow rate is faster than in 
steady case. The primary velocity from its peak value on the boundary decreases asymptotically eventually attaining 
the free stream value. The secondary velocity increases rapidly in vicinity of the boundary attain its maximum value 
then decreases to attain the free stream value. As 𝛽𝛽 increases the secondary velocity increases in the vicinity of the 
boundary and attains the peak value and subsequently the secondary velocity decreases with 𝛽𝛽 and reaches its free 
stream value.  The temperature increases with 𝛽𝛽 in the steady case with enlarged thermal boundary layers while in the 
unsteady case the increase is very small. The effect of the Casson parameter on mass concentration is similar to that of 
temperature.  
 
Fig. 5 shows that the primary velocity reduces throughout the boundary layer region with increasing values of magnetic 
parameter. The deceleration in the velocity is owing to the retarding nature of the Lorentz force. From Fig. 6 it is noted 
that secondary velocity increases rapidly near the plate attaining maximum value and then decreases in the rest of the 
region eventually approaching the free stream value. The secondary velocity significantly increases with the magnetic 
field unlike the primary velocity. The peak value of the secondary velocity when M = 0.8 is two and half times to that 
corresponding to M = 0.2. Figs. 7 and 8 indicate that the temperature and concentration increase nominally with 
increasing values of magnetic parameter. 
 
Fig. 9 and Fig. 10 show the effect of Hall current on the primary velocity and secondary velocity. It is observed that on 
increasing Hall parameter (m) the primary velocity enhances showing an increase in the transport while the secondary 
velocity increases significantly throughout boundary layer region. It may be said that Hall current tends to accelerate 
the fluid throughout the boundary layer region which is in conformity with the fact that the secondary velocity arises 
due to Hall currents.  
 
Figs. 11 – 14 depict the effect of thermal and solutal buoyancy forces on the primary and secondary velocities. It is 
observed that both the velocities increase on increasing Gr and Gc as the thermal and concentration buoyancy forces 
accelerate both the velocities throughout the boundary layer region. Fig. 15 reveals that for increasing values of Biot 
number the temperature is enhanced predominantly on the surface as expected owing to the strong convection. The 
corresponding temperature profiles are steep near the boundary.  
 
Fig. 16 implies that reduction in the temperature for increasing values of Pr is expected as a result of decreasing 
thermal conductivity. Fig. 17 shows that the temperature is found to be an  increasing function of  thermal radiation  
which facilitates additional means to diffuse energy as an enhancement in the radiation parameter which corresponds to 
a reduction in the Rosseland mean absorption coefficient K* for fixed values of  𝑇𝑇∞ and k. The associated thermal 
boundary layers are thicker.  
 
From Fig. 18 the presence of heat source is found to enhance the temperature owing to the release of energy in the 
thermal boundary layer and the associated thermal boundary layers are thicker. On increasing 𝛿𝛿 > 0 the temperature 
further rises. In the case of heat absorption, 𝛿𝛿 < 0 (heat sink) the temperature falls with decreasing values of 𝛿𝛿 < 0 
owing to the absorption of energy in the thermal boundary layer. 
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From Fig. 19 the species concentration is observed to reduce with increasing values of the Schmidt number throughout 
the region which is associated with thinner solutal boundary layers. Thus the mass transfer rate is enhanced.  
 
The influence of chemical reaction rate parameter γ on the species concentration for generative chemical reaction is 
depicted in Fig. 20. It is found that species concentration with its highest value at the plate decreases slowly till it 
reaches the minimum value i.e., zero at the far downstream. Further, increasing of the chemical reaction parameter 
decreases concentration of species in the boundary layer due to the fact that destructive chemical reduces the thickness 
of the solutal boundary layer and increases the mass transfer. 
 
The influence of suction/injection fw  on the velocity, temperature distributions are plotted in Figs. 21 – 24. It is 
observed that primary velocity decreases with increasing suction parameter and the injection (blowing) accelerates the 
flow. The wall suction(f𝑤𝑤 > 0) results in thinner boundary layers with a fall in the velocity. For blowing (fw < 0) an 
opposite trend is noticed. The behavior of the secondary velocity with  fw  is similar to that of the primary velocity. 
However, in this case the influence of  f𝑤𝑤  is stronger than that on primary velocity.  fw = 0 correspond to the 
impermeable stretching surface. From Fig. 23 it is revealed that the temperature enhances with blowing and diminishes 
with increasing suction parameter. It is evident from Fig. 24 that mass concentration also behaves similar to that of the 
temperature.   
 
The skin friction coefficient, local Nusselt number and local Sherwood number for different values of the governing 
parameters are presented in Table 3. It is observed that increasing values of the unsteady parameter reduce the skin 
friction coefficient in both x and z directions. The rate of heat and mass transfer is found to decrease with increasing 
unsteady parameter. Higher the magnetic fields lessen the skin friction coefficient corresponding to the primary 
velocity and while it enhances the skin friction coefficient corresponding to the secondary velocity. The Nusselt and 
Sherwood numbers show a decreasing trend. The Hall parameter has an increasing influence on the skin friction 
coefficient in both x and z – directions, Nusselt number and Sherwood number. The thermal buoyancy and solutal 
buoyancy parameters enhance the skin friction coefficient in the x direction including the Nusselt and Sherwood 
numbers while the skin friction coefficient in the z direction gets depreciated. The Prandtl number depreciates the skin 
friction coefficient in the x and z-directions and the Sherwood number whereas the Nusselt number shows as increasing 
tendency. The Nusselt number is seen to decrease with increasing radiation parameter while the skin friction coefficient 
in both the directions and Sherwood number are found to enhance. The impact of heat source parameter shows 
qualitatively similar effect on these variables as that of the thermal radiation parameter. The influence of Schmidt 
number decreases the skin friction coefficient in both the directions. The Nusselt number reduces while the Sherwood 
number enhances with increasing Schmidt number. The increasing value of the Casson parameter enhances the skin 
friction coefficient in the z – direction while the skin friction coefficient in the x direction and the Sherwood number 
and the Nusselt number are reduced. The chemical reaction parameter decreases the skin friction coefficient and 
Nusselt number whereas the Sherwood number enhances. The suction parameter reduces the skin friction coefficient in 
the x-direction while it increases the skin friction coefficient in the z – direction. The Nusselt number and Sherwood 
number are seen to increase with fw .  The Biot number enhances the drag coefficients, Nusselt and Sherwood numbers.  
 

Table 3: Skin friction, Nusselt number and Sherwood number values for variation of different parameters                      
𝜷𝜷 A M m Gr Gc Pr Nr 𝜹𝜹 Sc 𝜸𝜸 fw Bi 𝐟𝐟′′(𝟎𝟎) 𝐠𝐠′(𝟎𝟎) −𝛉𝛉′(𝟎𝟎) −𝛟𝛟′(𝟎𝟎) 
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Fig. 1: Primary Velocity profiles for different Values of 𝛽𝛽 

 
Fig. 2: Secondary Velocity profiles for different Values of 𝛽𝛽 

 
Fig. 3: Temperature profiles for different Values of 𝛽𝛽 

Fig. 4: Concentration profiles for different Values of 𝛽𝛽 
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Fig. 5: Primary Velocity profiles for different Values of M 

 
Fig. 6: Secondary velocity profiles for different Values of M 

 
           Fig. 7: Temperature profiles for different Values of M 

 
 Fig. 8: Concentration profiles for different Values of M  

 
Fig. 9: Temperature profiles for different Values of m 

 
       Fig. 10: Concentration profiles for different Values of m 
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 Fig. 11: Primary velocity profiles for different Values of Gr 

 
Fig. 12: Secondary velocity profiles for different Values of Gr 

 
Fig. 13: Primary velocity profiles for different Values of Gc 

 
Fig. 14: Secondary velocity profiles for different Values of Gc 

 
        Fig. 15: Temperature profiles for different Values of Bi 

 
    Fig. 16: Temperature profiles for different Values of Pr 
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Fig. 17: Temperature profiles for different Values of Nr 

 
        Fig. 18: Temperature profiles for different Values of 𝛿𝛿 

 
Fig. 19: Concentration profiles for different Values of Sc 

 
   Fig. 20: concentration profiles for different Values of 𝛾𝛾 

 
Fig. 21: Primary velocity profiles for different Values of fw 

 
Fig. 22: Secondary velocity profiles for different Values of fw   
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Fig. 23: Temperature profiles for different Values of fw                

 

 
  Fig. 24: Concentration profiles for different Values of fw 

4 CONCLUSIONS 
 
The unsteady boundary layer flow of an incompressible Casson fluid over an exponentially stretching sheet in the 
presence of thermal radiation, temperature dependent heat source and Biot number with chemical reaction and Hall 
currents is analysed. It is observed that the primary velocity decreases with Casson parameter, unsteady parameter, 
suction and magnetic field parameter while an opposite trend is noted with blowing and Hall parameter. The secondary 
velocity follows an opposite effect to that of primary velocity for   variation of magnetic parameter. The temperature 
and concentration distributions increase with increasing magnetic field parameter and decrease with Hall parameter. 
The thickness of the thermal boundary layer increases with increasing values of radiation parameter and heat generation 
parameter while a reduction is noticed with suction parameter. The mass transfer rate decreases with Schmidt number 
and chemical reaction parameter.  
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