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Abstract: In this analysis, the impacts of variable viscosity and thermal conductivity on MHD heat transfer flow of Casson
fluid are analyzed on linearly stretching sheet inserted in a porous medium with heat source / sink and viscous dissipation.
Then, by using a specific form of Lie group transformations are converted into ordinary differential equations of the
governing partial differential equation and Runge-Kutta fourth order strategy is used to numerically solve the differential
equations. Numerical results get for various parameters by employing coding in MATLAB programming like viscosity
variation A, heat source/sink parameter S, thermal conductivity &, magnetic field parameter M, permeability parameter k,,
Prandtl number Pr, and Eckert number Ec are investigated. The impacts on velocity and temperature profile of distinct

flow parameters are discussed through graphical representation and tables.
Keywords: Variable viscosity; MHD; Stagnation point; Casson fluid; Heat source/sink effects.

1 Introduction

For many production procedures in the sector, like polymer
sheet extraction, wiring sketching, paper, glass fiber
manufacturing and hot rolling, the stretch sheet flow is a
crucial issue in classical fluid mechanics. Many researchers
have been worked on stretching sheet but initially Crane
[[1]] explored the steady boundary layer flow over a linear
stretchable plate accompanied by incompressible viscous
fluids provided an precise similarity solution in near to
analytical form. Further, C.K. Chen and M. I. Char [2]
worked on transferring heat from a constant suction or
blowing stretching surface. I. Pop and T.Y. Na [3] analyzed
the unsteady flow over a stretchable sheet. K. Vajravelu [4]
discussed viscous flow past a nonlinearly stretching sheet.
R. Cortell [5] examined the viscous flow and heat transfer
above a nonlinearly elastic sheet. L. Zheng, L. Wang and
X. Zhang [6] found unsteady boundary layer flow and heat
transfer analysis on a permeability stretch sheet with non-
uniform heat sources/sinks effects. K. Bhattacharyya [7]
inspected the impact of radiation and heat source/sink on
unsteady MHD boundary layer flow and heat transfer above
a contract sheet along source/sink impacts. M.A.A
.Mahmood and S.E. Waheed [8] studied on MHD flow and
heat transfer through an extending surface (absorption) and

a slip velocity of the micro-polar fluid. Because of the
promising implementation of non-Newtonian liquid
scientists were interested in further exploring this sort of
liquid, one of which was the Casson fluid. Casson fluid is
categorized as much admired non-Newtonian fluid, and has
many examples in food processing, metallurgy, drilling
operations and bio-engineering running. For the forecast of
pigment-oil suspensions flow conduct, Casson fluid was
launched by Casson in 1959 [9]. According to Dash et al.
[10] and Fung [11] the existence of multiple substances,
like globulin in aqueous plasma base, fibrinogen and red
blood cells can also allow for human blood to be handled as
the Casson fluid. Shawky [12] has worked on MHD Casson
heat fluid flow over an expanding sheet through a porous
medium. Shateyi and Marewo [13] studied on
hydromagnetic boundary layer flow and transfer heat of
Casson fluid in the extension of thermal conductivity,
viscous dissipation, has been investigated close to the
stagnation point flow. Chenna and Shankar [14] worked on
Casson fluid flow is concerned with the impacts of heat
source/sink on a non-linear stretching sheet. Medikare et al.
[15] studied the Casson fluid stagnation point flow over a
non-linear stretching sheet with viscous dissipation was
examined for MHD. Jain [16] analyzed the Casson liquid
flow evaluated past the Newtonian radiation in the presence
of an exponentially acceleration infinite vertical plate.
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Ullah et al. [17] inspected the slip impact of Casson fluid
non-linear stretchable plate on free convective MHD stream
saturated by Newtonian heating in porous medium. Further,
S. R. Mishra et al. [18] considered the effect of dissipation
on MHD stagnation-point flow of Casson fluid through
porous media over the stretching sheet. Furthermore, H.
Sadaf and S.I. Abdelsalam [19] evaluated the hybrid
nanofluid in a wavy non-uniform annulus with convective
boundary conditions has adverse effects. K.B. Pavlov [20]
examined the MHD flow of a flat surface deformation in an
incompressible viscous fluid.

Scaling group transformations plays very important role to
exploit the differential equations. Muhaimin et al. [21]
analyzed scaling transformation for the impact of the fluid
on velocity where fluid depends upon the temperature.
Afify et al. [22] examined the slip flow impacts, two-
dimensional  magnetohydrodynamic  (MHD)  flows,
Newtonian heating and thermal radiation flow over a
permeable elastic sheet using the Lie symmetry. R.
Kandasamy et al. [23] considered scaling transformation
group on an MHD boundary layer through a porous
extended surface for the impact of temperature-dependent
nanofluid viscosity. Further, Md. Jashim Uddin et al. [24]
probed a nanofluid slip flow across the convectively heated
stretch sheet of heat generation for scaling group
transformations of the MHD boundary layer. Furthermore,
H. Dessie and N. Kishan [25] applied the scaling group on
MHD thermal transfer impacts close to the stagnation point
on linear strain sheets with varying viscosity
and conductivity,  viscous dissipation and  heating
source/sink effects.

A particular kind of Lie-group of transformations familiar
as scaling in this study is utilized to detect the complete set
of symmetries of the issue and then to examine which ones
are suitable to providing group alternatives that are
invariant or more particular similar. The technique
decreases the non-linear partial differential equations
which govern the movement of fluid into a strategy of
combined ordinary differential equations. Due to some
relationships between transformation parameters, the
structure keeps invariant. With this transformation ordinary
differential equations in third and second order are obtained
that correspond to the momentum and energy equations.
The fourth order Runge-Kutta method together with the
shooting technique is used to solve these equations. The
impacts of the Prandtl number, magnetic parameter,
permeability parameter, velocity ratio, Eckert parameter,
Casson fluid, viscosity parameter and heat source/sink
parameter on velocity and temperature fields are examined
and studied with the assistance of graphical representation
and tabular forms.

2 Mathematical Formulations

Consider the two dimensional incompressible electrically
conducting and steady MHD Casson fluid flow on a
stretchable sheet through permeable media in the

neighborhood stagnation point in the existence of
variable viscosity, heat generation/absorption, variable
thermal conductivity and viscous dissipation. The elastic
sheet has invariable temperatureT,,, linear velocity w,, (x).
All exterior force fields excluding magnetic fields B, are
assumed to be zero. We have limited flow in the section y >
0 while stretchable sheet meets when plane y = 0. The axes
x and y are respectively perpendicular along the sheet.
Uniform magnetic field of strength B,put out along the y-
axis. The ambient medium differs from sheet temperature.
The viscosity of the fluid will differ from temperature to
constant assumptions of the other fluid characteristics. It
can also be seen in Figure 1.

Bo

AY- - - - oo o

Boundary layer ~

<V

0 u=cx, T=T, aty=0
Fig. 1: Sketch of the physical problem.

By considering all assumptions, the governing equations of
continuity, momentum and heat [26] will becomes

ou v

E+£—O, (1)

ou,  Ou_ 19, 1 0O (,0%) 2B, _
uﬂx—l_vay p6x+p(1+6)0 (“ay) p
Eu; (2)
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where u and v are velocity terms along the paths of x and y
respectively, T is the temperature, T, is the temperature far
away from sheet, k™ is the thermal conductivity [27], Q, iS
the volumetric heat generation (Q, > 0) or absorption
(@, < 0) coefficient, c,is the specific heat, o is the
electric conductivity, p denotes the pressure along the
x —axis, p is the fluid density (assumed constant), u is the
fluid viscosity, B is the non-Newtonian(Casson) fluid
parameter and k' is the permeability of porous medium.

In the free stream u = U(x) = bx, the equation (2) reduces
to
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Eliminating z—z from the equations (2) and (Error!

Reference source not found.), we get

du du du 1 1\ [0 8T du 9%u
uB v 2 =uD+2(143) [BE2 4] -
6x+ ay dx+p +B 6T6y6y+p‘6y2

(0= 1) - 2 (- V). ©)

The boundary conditions for the problem are given by

u=u_w(x)=cx,v=0, T=T_ w aty=0,
u=U(X)=bx, T=T oo as y—o. (6)

Here b and ¢>0 are stretching constants, T_wis the uniform
wall temperature. Following Ling et al. [28] and Lai and
Kulacki et al. [29], temperature-dependent viscosity of the
form is taken as

K= et 0
U= U [1 + a(T - Too)]_1
= #00[1 - a(T - Too) + aZ(T - TOO)Z
— ],
= #00[1 - a(T - Too)]r (8)

where u,, represents the constant of undisturbed viscosity
and a>0 is a constant quantity. Note that the
dimensionless temperature 8(x,y) can also be written as

6(x,y) =224 6, , 6, =

Substituting (9) into (8), we immediately find

—T,)0]. (10)

K= o1 —a(T,

The deviation oflthe thermal conductivity k*is taken as

k* = ke, (1 + £0).

The & parameter that depends upon the nature of the fluid
where k., is thermal diffusivity at surface of
temperature T,,.

2.1 Method of Solution

Introducing the stream functions and dimensionless
temperature for the system i.e.,

_9 __ 9 _ T-To

~ oy’ T ax’ T T—Too’
Where 1 denotes the streamZ1function.

Using the relations (8)-(10) in the boundary layer equations
(3) and (5) we obtain the following equations

oy _auey

ay dxdy 0x dy?

du 1\ 00 82
= U——Avm(l +E)

dx dy ay?
0>y
(1 —A0)(1
v ( )( + B) =
__0B§ (3 oY
(63/ U) kr ( _Ae) (5_ U)'
(11)
Yol Yol ke (69)2 ke 920
dy 0x 0Ox ay PooCp \OY o Cp
+——0
PoCp
Voo 2“yY
s (1= 46) (1+ )( yz) . 12)
Where 4 = a(T,, — Tw), Voo = %”.

The boundary condition (Error! Reference source not
found.) then becomes

o W _ _ _
E_C’ ax—O, 6 =1laty =0,
oy

E—U(x)sz,@zoasyﬁoo. (13)

2.2 Scaling Group of Transformations.

Now present a simplified kind of Lie-group transformation
that is scaling group transformation (Dessie et al. [28] and
Mukhopadhyay et al. [29]),

[:x*=xef®, y*" =yet¥, YP* =1e®3, u" =ue
v =vef¥, U= Ue®%, 6" = fe®*. (14)
Equation (14) may be considered as a point-transformation
which transforms coordinates (x,y,¥,u,v,0) to the
coordinates (x*,y*,y*,u*, v*,0%). Substituting (14) in (11)
and (12), we obtain,

EAy
)

etlar+2az—2az) 61/} 621/) %@
dy* dx*dy*  dx* 9y*2
= etlar—2ae)yx Z—_
¢ dx* )
6,6(3052—(7(3—117)AVOO (1 + )69 9 l,ll
B/ ay* ay*?
631,0
+ efBa2=a3)y (1 — A9"e~5%7 (1 + )
( ) B a *3
2 *
_ ﬂ(eé’(az—%) al/)* — U*e—«‘—'as)
Poo dy

_%(1 _ A9*8_8a7) (es(rxz—zx3) Z_:/:: _ U*e—saﬁ)’
(15)
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e(ay+ap—az—ay) (09 00" 006" The boundary conditions of equation (13) becomes
¢ (a_y*ax*_ax* ay*) F'=cF =0 6=1 atn =0,
ko€ 96*\* F'=b, 6=0asn — co.
— [oe) e£(2a2—2a7) ( ) (22)
p°°CP 6)/* . ropr "noprr =
2+ Introducing n = v*chn*,F = v cFF,0 = v* cF 0
+ e esazmar)(1 + 89*6_5“”@ in equations (20) and (21) we geta’ = a = %
oo lp

o Cp
2
__ Vo  e(4az—2a3)(q1 _ ¥, —gaty ( l) (521/1)
ep (T —Teo) © (A =467 (1+5)(57) -

(16)
Under the group of transformations I' the system will
remain invariant. We would like to have the following
parameter relations, namely
a,+ 20, — 203 = a; — 204 = 30, — a3 — Qy

=3a2_a3
= Q= A3 = —Qe = A — a3 — Ay,
a1+ a,— a3 — a; = 20, — 20, = 20, — a; = —ay

= 4a, — 4az = 4a, — 203 — a;.

After fixing the parameters a; =a; = a, = a4 and
a, =as = a; =0. Thus, reduce into one parametric
transformation:

X" =xet", y' =y, " =Pef™, u" = uet1,

v¥=v, U"'=Ue®", 0* =0.
(17)

We are expanding through Taylor's series

x*—x=xea;, Yy ' —y=0,
Y=y =vea; , U —u=uea,,
v'—v=0 U"'-U=Uea, 0" —06 =0.

(18)

The characteristic equations are

dx _dy dy _ dU _ du _ dv _ db

ax 0 ap  aU  au 0 0
(19)

Thus, from equations (19) we obtain,

y=mn v=xF@),
where F is an arbitrary function of .
Using these transformation equations (15) and (16)
becomes

(14 D) -

0 =06®m),

- [F’Z — FF" — b2

1
cava (1430
B

oB? v,
- +F(1_A9) (F'=b)=0,
(20)
Koo (14 e0)0" + X2 g2 4 por 4 VX (1 _
PooCp PooCp Cp(Tw_Too)

40) (1 +%)F”2 +%‘i—ocp9 = 0.

a" =0, =-1/2, = 1/2,” = 0. The equations
(20) and (21) are transformed to

(1+ %) (L= AQ)F"" = [F"* = F'F™" = 2% +
A (1 + %) e"F*”] —[M + k(1 — AD](F* = 1) =0,

(23)
(1+6)8" + €8 + Pr F*@' + PrEc (1 — A) (1 +
%) F*'2 4+ S Prg =0, (24)

o Cp

where Pr = uk— is the Prandtl number, S = ch_o present

0 ‘p
parameter of heat source/sink,parameter of velocity ratio is
2 2,2
=2, M =25 represent magnetic field, Ec = ——*—is
c pc cp(Tw—Teo)

00

Eckert number, k, =% is the permeability parameter.

Taking F* = fand 8 = @the equations (23) and (24) finally
achieves the following form

(1 +%) @-ao)f" = —ffr -2 +a(1+

5)OF" ]| =M+ k(1= A1 = 1) = 0, (25)
(1+¢0)0" + €0 + Pr [f@' + Ec(1 — A6) (1 +
)2+ s6) =0, (26)
The boundary conditions of Eq. (22) also reduces

f'=1 f=0, f=1atn=0,

f'=/1:§, 6 = 0asn — . (27)
Local Skin-friction. Local skin-frictionlcoefficient is

represented as

C. = =x(1+2)f"(0)
x p(CV)% ( B)

ou  ov
k(G a)FO-
Local Nusselt number.The rate of heat transfer according

to the local Nusselt number is represented by
1

N = () s = —0'®)
. (0T
- (5)

3 Result and Discussion

where Ty =

where qQw =

y=0

The set of non-linear boundary layer equations (25) - (26)
with equations of boundary conditions (27) by applying
Runge—Kutta fourth order strategy to find the numerically
together with shooting system. Firstly, the higher order non-
linear differential equations (25) - (26) are transformed into
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differential equation of first order and furthermore, using
the shooting method, they are converted into initial value
problems. Once the issue has been bringing down to the
initial value issue, so it is obtained due to Runge-Kutta
fourth order strategy. The appropriate values for f''(0)
and—0'(0) are selected and then integration is performed.
Now this measurement the step size A(y) = 0.001 and the
convergence criterion uses four decimal precision. The
effects in the absence of suction / blowing in uniform
viscosity are analyzed with the precision of the technique
with H. Dessie et al. [30] and Mukhopadhyay et al. [31] as
provided in Table Tablel. The values of Local skin-friction

coefficient —(1 +%)f”(0) and temperature gradient

—6'(0) are mentioned in Table 2, Table 3 and Table 4
respectively. It is noted that from Table 2, as the velocity
ratio parameter A increase the local skin-friction coefficient

- (1 + %) f""(0) decrease and temperature gradient —6'(0)

is increased. We can see it from the same table to rise
variable viscosity A is increases the local skin-

friction coefficient — (1 + %) f"(0) and decrease the
temperature gradient —6'(0). Now the permeability
parameter k, enhance local skin-friction coefficient — (1 +

%) f""(0) enhance but temperature gradient —8'(0) is
reduce. It is observed that in Table 3, as the Prandtl number
Pr rise the local skin-friction coefficient — (1 +%) f"(0)

and temperature gradient —6'(0) is also raised. From the
same table it can be notice that the local skin-

friction coefficient - (1 + %) f"(0) and the

temperature gradient —9'(0) down with increase of heat
source/sink parameter S. As the magnetic parameter M

increases local skin-friction coefficient —(1 +%) f"(0)

increases as well while the temperature gradient —9'(0)
decreases. It is predicted that in Table 4, as the Casson fluid

B increase the local skin-friction coefficient —(1 +
%) f""(0) increase but temperature gradient—6'(0) is
decrease. From the same table it can be noticed that the
local skin-friction coefficient — (1 +%) £7(0) and the

temperature gradient —6'(0) up with down of Eckert
number Ec. The effect of thermal conductivity parameter ¢
enhance local skin-friction coefficient — (1 + %) f"(0) and

temperature gradient —6’'(0) are reduced.

Tablel:  The  Skin-friction —f"”(0) and the
wall temperature gradient —6'(0) for two values of k,
with A = 0,

§S=0,=0,Pr=1,1=0,M =0, =0and Ec = 0.

—f"(0)
k4 H. Dessie, Mukhopadhyay [31] Present study
N Kishan [30]
1 1.414214 1.141213 1.414214

69
[2 [1.732051 | 1.732051 | 1.732050 |
—6'(0)

H. Dessie, Mukhopadhyay [31] Present study
N Kishan [30]

0.500008 0.500001 0.501258
0.447558 0.447553 0.447752

In Figures 2 to 10 for various flow parameters for example
velocity ratio 4, thermal conductivity &, magnetic parameter
M, heat source/sink parameter S, Eckert number Ec, Prandt
number Pr, variable viscosity parameter A, Casson fluid 8
and permeability parameter k, explained the graphically
dimensionless velocity and temperature gradient.

It can be seen from 2 Figure 2(a) that fluid velocity rises
with rise of velocity ratio A that, and the fluid temperature
reduces because of enhance of velocity ratio 4 which is
plotted in Figure 2(b). Figures 3(a) and 3(b) show the
impacts of thermal conductivity parameter € on the velocity
and temperature profiles respectively. Figure 3(a) give
away that the rise in the values of ¢ velocity profiles f'(n)
decreases. With rise the value of ¢ fluid temperature 6(n)is
also rise this results in a decrease in the heat transfer rate
from the flow to the surface. Consequently, the coolant
material with a tiny thermal conductivity parameter has a
much quicker cooling rate. The influences on velocity and
temperature profiles of the transverse magnetic field are
displayed in Figures 4(a) and 4(b) respectively. From
Figure 4(b) it has been observed the rate of flow is greatly
decreased with the enhance of M. It clearly shows that the
transpose phenomena resist by transverse magnetic field.
The velocity disappears everywhere at some stage huge
distance from the sheet. The velocity reduces when the
magnetic parameter M is increased. From the plots in
Figure 4(b), it was noted to contribute to thickening of the
thermal boundary layer by a transverse magnetic field. This
can be seen from the reality, precisely the Lorentz force,
which opposes the movement, that the applied transversal
magnetic field produces the body strength. The flow
resistance is accountable for the temperature increase.
Figures 5(a) and 5(b) display the velocity and the
temperature dispensation for different values of the heat
generation parameter S. It is examined from Figure 5(a)
that the velocity profiles are substantially affected and
decrease when the heat parameter value rises. It is clear
from Figure 5(b) the parameter heat generation value
improves, as well as the temperature gradient along the
boundary. Eckert number's impacts on dimensionless
velocity and temperature are shown in Figures 6(a) and
6(b) respectively. The amount of Eckert is used to
determine the ratio of fluid kinetic energy to the enthalpy
differences of the boundary layer. It realizes transfer the
kinetic energy into internal energy due to work done in the
direction of viscous fluid stresses. If the plate is cooled, the
Eckert number is positive i.e. that the plate loses heat to the
fluid. More dissipative heat therefore leads temperature to
increase but decreases in velocity. Figures also show that
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the viscous dissipating impact is greater in temperature and
less in velocity. For various terms of the

Table 2: Values of local skin-friction — (1 + %) f"(0) and wall gradient temperature —6'(0) for different values of 4, 4, k, for
Pr=071,5=01,M =05, § =0.6,Ec =0.03,¢ =0.1.

2 A ks -(1+ %) £(0) ~6'(0)
0.1 0.1 05 0.8535 0.3788
0.2 0.1 05 0.7863 0.4118
05 0.0 05 05397 0.4892
07 0.1 05 0.3416 0.5315
0.9 0.1 05 0.1195 0.5686
0.1 0.3 05 09711 0.3650
0.1 05 05 11568 0.3436
0.1 0.7 05 15140 0.3101
0.1 0.9 05 2.7224 0.2405
0.1 0.1 0.0 0.7577 0.4095
0.1 0.1 03 0.8171 0.3979
0.1 0.0 10 0.9409 0.3751
0.1 0.0 2.0 1.0930 0.3497
0.1 0.1 30 1.2258 0.329

Table 3: Values of local skin-friction — (1 + %) f"(0)and wall gradient temperature —6’(0)for differentvalues of Pr, S, M for
A1=01 A=1, k; =05, =0.6,Ec=0.03,=0.1.

Pr s M - (1 + %) £7(0) —0'(0)
05 0.1 05 18618 0.2655
0.71 0.0 05 1.8995 0.3105
10 0.0 05 1.9548 0.3795
3.0 0.0 05 2.2500 0.8035
7.0 0.0 05 2.5390 1.3476
0.71 03 05 2.0658 0.5883
0.71 0.1 05 1.0934 0.4637
0.71 0.0 05 1.0461 0.3869
0.71 0.2 05 1.7995 0.1675
0.71 0.3 05 16497 0.0345
0.71 0.0 0.0 16632 0.3348
0.71 0.0 03 1.8093 0.3194
0.71 0.0 0.8 2.0260 0.2990
0.71 0.0 10 2.1055 0.2922

Table 4. Values of local skin-friction — (1 +Il;) f"(0) and wall gradient temperature —6'(0) for different values of B, Ec, ¢ for
1=01 A=01, k;, =05, Pr=0.71, S=0.1, M =0.5.

B Ec . - (1 + %) £7(0) —0'(0)
06 0.03 01 0.8537 0.3833
10 0.03 0.1 0.9836 0.3618
20 0.03 0.1 1.1337 0.3393
3.0 0.03 0.1 12016 0.3299
5.0 0.03 0.1 1.2659 0.3215
0.6 0.0 0.1 0.8539 0.3992
0.6 03 0.1 0.8520 0.2401
0.6 05 0.1 0.8508 0.1345
0.6 0.7 0.1 0.8496 0.0292
0.6 0.03 0.0 0.8543 0.4124
0.6 0.03 03 0.8528 0.3873
0.6 0.03 05 0.8520 0.3026
0.6 0.03 3.0 0.8477 0.1495

0.6 0.03 5.0 0.8467 0.1204
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Prandt number Pr, the velocity and the temperature profiles
are shown in Figures 7(a) and 7(b) respectively. The
PrandtlLnumber explain the ratio of momentum diffusivity
to the thermal diffusivity. From Figure 7(a), it is visible that
an enhance in the Prandt number than velocity profile also
rises. From Figure 7(b), the increase in the Prandt number
is shown to reduce the thermal boundary layer thickness
and generally a reduced boundary layer average
temperature. The reason is because lower Pr values equate
to higher thermal conductivity and thus for greater Pr
values, heat can spread faster away from the heated surface.
This is why the boundary layer is thicker and heat
transmission velocity is lowered for lower Prandt numbers.
Impacts of viscosity parameter Aon the velocity and
temperature profiles are clearly displayed in Figures 8(a)
and 8(b) respectively. Fluid velocity reduces with
enhancing values of viscosity parameter is observed that
form the Figure 8(a). It can be seen from Figure 8(b) that
the temperature profiles up with enhance of variable
viscosity. That's because the skin friction coefficient is rise
by rising the variable viscosity parameter

which decreases the velocity of the fluid. Physically, when
friction increases, thermal viscosity enhances the arealof
the stretchable surface in contact with the flow rise, hence
the friction on the surface is pass to the flow generated by
the heat. This results in the temperature of the surface is rise
and the flow is heated. From Fig. 9 are drawn to the
velocity profile f'(n)and temperature profiles 6(n)
respectively, for various term of permeability parameter k;.
The impact of k; contributes to a reduction in velocity
profile f'(n) for uniform and variable viscosity. From the
Fig.9(b) the temperature profiles can be seen up with a
permeability parameter k, rise in both instances of variable
and uniform viscosity. From Fig. 10 are drawn to the
velocity profile f'(n)and temperature profiles 6(n) for
various values of Casson fluid parameter 3. In Fig. 10(a)
the effect of B leads to down the velocity profile f'(n) in
instance of increasing in variable viscosity. Fromlthe Fig.
10(b) it can be observed that the temperature profiles
increase with increment in Casson fluid parameter S8, in
both instances of variable and uniform viscosity.
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Conclusion

In this work, we have studied that the variable viscosity and
thermal conductivity of MHD Casson fluid flow through a
linearly stretchable sheet implanted in porous media with
viscous dissipation and heat source/sink impacts. The
velocity of stretching and surface temperature shall differ
linearly with the range from the point of stagnation. The
governing equations were altered to dimensionless
partial differentialequations intoordinary differential equ
ations due to the help of scaling group of transformations.
To fix the governing equations of motion, the powerful
technique of lie group is used. This method helps eliminate
the problems encountered by the non-linear characteristic
of the partial differential equations when solving equations.
In order to understand the mathematical model, the scaling
symmetry group is a most important method. By apply the
Runge Kutta fourth order with shooting techniques;
transformed governing equations have been numerically
solved in the current work. For a number of specific cases
from this work, numerical outcomes are very well in
agreement with earlier published data. The following
results can be taken from this work:

» The velocity of fluid f' rise when velocity ratio
parameter A is rise and Prandtl number Pr
whereas it decreases with the increase in thermal
conductivity parameter &, magnetic field M,
Eackert number Ec, Casson fluid B, viscosity
parameter A and permeability of porous medium
k.

e The temperature profile 6
increased thermal

increases with
conductivity parameter e,

e B, viscosity parameter A and permeability of
porous medium k;, whereas the temperature of
fluid decreases with increased Prandtl number
Pr and velocity ratio parameter A.

e The skin  friction coefficient —(1+

%)f”(O)increase with rising the value of

permeability constant k,, viscosity parameter A4,
magnetic field parameter M, Casson fluid
parameter f and Prandtl number Pr whereas its
value decrease with increase the Eckert number
Ec, thermal conductivity parameter &, velocity
ratio parameter A and source/sink parameter S.

e The local Nusselt number —8'(0) increases with
the increased effect of velocity ratio parameter A
and Prandtl number Pr while rise the magnetic
field parameter M, viscosity parameter A,
permeability constant k,, Casson fluid parameter
B, Eckert number Ec, thermal conductivity
parameter & and source/sink parameter S causes
the local Nusselt number to decrease.
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