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solution is produced by using MATLAB in-built solver bvp4c package. The impacts of
the dimensionless characteristics on the flow patterns are analyzed visually, and the
values of the friction, Nusselt, and mass transfer quantities are tabulated to exemplify

Keywords: how the various physical factors have an influence. We noted that the velocity profile
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inclined magnetic field; Thermal Slips with Q increase.

1. Introduction

Non-Newtonian fluids are distinguished from Newtonian fluids by their nonlinear connection
between stress and strain. Newtonian fluids are the most fundamental form of fluid. This category of
fluids is something that we could come across in the path of our everyday lives. For instance,
toothpaste, crude oil, honey, paint, and a variety of other things. The study of such fluids is necessary
in the modern world because of how quickly things are evolving. Numerous academics have been
putting in a lot of work to try to forecast the proper mathematical models for the various non-
Newtonian fluids that exist. To this point, a variety of models for non-Newtonian fluids have been
presented, and those models' flow properties, including flow, heat transfer, and mass transfer across
stretched surfaces, have been explored. According to the research published by Choi [1],
nanoparticles improve the thermal efficiency of nanofluids in comparison to the base fluid. The
temperature dependency of the heat transfer increase in nanofluids was investigated by Das et al.,
[2]. Khan and Pop [3] have demonstrated the boundary-layer flow of a nanofluid in the vicinity of a
stretching sheet. The Critical evaluation of heat transfer properties of nanofluids was analyzed by
Trisaksri and Wongwises [4]. Bachok et al., [5] demonstrated the constant boundary-layer movement
of a nanofluid in a constant free stream as it moved past a moving semi-infinite flat plate. A
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computational analysis was conducted by Rana and Bhargava [6] to investigate the flow and heat
transport of a nanofluid across a nonlinearly stretched sheet. Hassani [7] investigated a nanofluid
boundary layer flow across a stretched sheet analytically. The impacts of slip and convection
circumstances on the MHD flow of nanofluid across a permeable nonlinear stretched surface were
examined by Daniel et al., [8].

When there is a difference in temperature between the heat of the flow separation sheet and
the fluid properties in the surrounding region, the impact of thermal radiation is quite significant and
has a significant influence. The radioactive rates of heat exchange effects have significant
repercussions for both the field of engineering technology and the field of physics. These
technologies include things like hypersonic aircraft, nuclear power plants, launch systems, and
extreme temperature systems, to name a few examples. Thermal radiation plays an important role
in the transmission of electricity in a variety of applications, including combustion furnaces, fires,
nuclear explosions, and chambers. This is because thermal radiation is a kind of electromagnetic
radiation. Nanofluid flow across a stretched surface with heat radiation was studied by Kalidas Das
et al., [9]. Boundary layer flow and heat transport of a nanofluid across a permeability unstable
stretched surface with viscous dissipation were studied by Ferdows et al., [10]. The influences of
radiation on the heat transmission and the flow of an MHD nanofluid over parallel plates were
investigated by Dogonchi et al., [11]. A thermal and mass transmission examination was performed
on the MHD flow of nanofluid while radiation absorption was taken into consideration was
investigated by Durga Prasad et al., [12].

Almost all fluids that are not Newtonian fall into one of three categories: continuous, rate, or
divergence. The Maxwell fluid is a nonviscous rate-type fluid. These young people exemplify the
effects of free time. There are two types of non-Newtonian fluids: those that are time-dependent
and those that are not. Williamson fluid is a non-Newtonian fluid with pseudo-plastic properties that
do not depend on the passage of time. Multiple applications in manufacturing and engineering rely
on non-Newtonian nanofluid boundary flow across a linear surface, such as image generation and
data extraction from polymer surfaces. In their study, Williamson nanofluids were studied by
Ibrahima and Gamachu [13], who looked at their nonlinear convection flow as it moved over a radially
extending surface. Nadeem et al., [14] looked at the flow of a Williamson fluid through a stretched
sheet as part of their research. Srinivasulu and Goud [15] studied the impact that an inclined
magnetic field had on the flow, flow of heat, and transport phenomena of a Williamson nanofluid
through a stretching sheet. Williamson fluid thin film flows across a non-uniformly stretched
permeable sheet was investigated by Zahir Shah et al., [16]. Malik and Salahuddin [17] investigated
approximate solutions for the MHD stagnation point flow of the Williamson flow characteristics
across a stretched cylinder. In the presence of heat radiation and Ohmic, the hydromagnetic
boundary layer flow of Williamson fluid was addressed by Hayat et al., [18]. The statistical research
of Williamson fluid boundary layer flow concerning a radiative surface was conducted by AnumShafiq
and Sindhu [19]. Investigation of the influence of radiation on MHD flow and heat transfer in a
Williamson nanofluid using a stretched sheet maintained at a constant temperature was studied by
Kho et al., [20]. The Williamson fluid stream caused by a nonlinearly extending sheet, including
radiation and dissipation was investigated by Megahed [21]. Many authors studied the porous
surface Rana et al., [25], Dadheech et al., [26] examined the Williamson fluid over a vertical plate,
Salahuddin et al., [27] investigated the Carreau fluid over a radiated cylinder, Goud BS [28] examined
Soret and Dufour effects on a permeable plate, Srisailam et al., [29] studied on MHD fluid flow,
Jaffrullah et [30] examined the Joule heating influence on Forchheimer permeable medium, Kota[31]
studied with viscous dissipation and heat source embedded in a porous medium, Bejawada et al.,
[32] examined the free convection on a vertical stretching surface with suction and blowing, lyoko et
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al., [33]studied the Jeffery Fluid over Stretching Sheet, GoudB [34] investigated the solution of
thermostatically stratified fluid with dissipation impact, and Usman [35] examined the Casson fluid
flow past a permeable.

The work of the aforementioned scientists and engineers has inspired this discussion and
investigation of the impact of slips and thermal radiation on Williamson fluid flow above a stretched
sheet in the existence of an inclined magnetic field. The governing PDEs are first translated into ODEs,
before being solved numerically by employing the bvp4c approach for certain values of the governing
parameters. As far as the authors are aware, no other published research has ideas that are similar
to those in this paper. The novelty of this study is based on the efficiency of heat generation caused
by nanoparticle movements in the presence of slip conditions.

2. Formulation

The MHD inviscid flow, thermal, and concentration boundary layers are all shown in Figure 1.
Using boundary layer theory, a surface that is stretching with a particular velocity U, (x) = ax, and
temperature T,,may be characterized and pretend that the temperature of the ambient fluid, T, are
modeled as Williamson nanofluids on the surface, respectively. The flow is controlled such thaty >
0. The magnetic field is applied to the fluid flow in a direction that is orthogonal to the x —axis after
an angle "a" is taken with it. The induced magnetic field is not taken into account and is predicted to
be much less in comparison to the applied magnetic field that is also not taken into account, and the
flow model for the problem can be viewed in Figure 1.

__—Thermal boundarv laver

- Momentum boundary laver

Stretching Sheet I B,

Fig. 1. Flow geometry

The Williamson fluid model that Nadeem and Hussain [15] used is taken into consideration. The
Cauchy stress tensor, denoted by S, is defined as follows in the context of the current fluid model:

s=-pl+14

S=—pl= (uw+%)/11

Where I' > 0 is referred to as constant time &y can be specified as a = \/g, m = trace(4?),
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_ <6u)2 N 1 N (au N av)z N (617)2
*= 0x 2 \dy O0x ady

In this particular instance, we focused on the y,, = 0,I'a < 1 situation.

Then, we achieved 7, = (ff?;) orty = (uoA1 (1 —Ta))

Following these presumptions, we get the following set of governing equations [15]:

ou v
Z1.% -9
dx  dJy

ou ou 0%v dud?u oBZ . v
= V2uI' —— — —sin(a) u + —u
0x ay dy? dy 9y? pr ( Ju+t K*

oT oT kK 9%T 1 160°T30%T | GBS 5 , v (6u)2 ou 3]
w4 = L w2+ ZN(2) 4 V2D (2) [+ Qo(T — T
ox dy (pCp)f dy? (pCp)f 3K* 9y? (pCp)f cp [\oy \/_ oy QO( )

$0u _ « 0T
uy, =u=ax+4 6y,v—vW,T—TW+B ay,aty—>0}
u=0, T=T,, as y— o

Following is a conversion of the similarity variables:

Y =Vavf(m),n =y\/%,0(77) =ﬂ}

Tr-Teo

ay
ox
thermal, and concentration functions can be defined as f (), 6(n) and ¢ (1) respectively.

. )
The formula for the stream function i asu = %, &v = —

The ODEs are obtained by substituting Eq. (5) into the governing Eq. (2)-(4):
A+ A"+ ff" = (f)? = Msin? (@) +K,)f' =0

0" + o [0 + EC((f") + We(f")* + Mf') + Q6] = 0

(1+R)

From Eg. (4), the dimensionless BCs become

f=fwf M=1+Af"(0), 6(0) =1+66'(0), atn - 0}
f'—=0, 6-0, as n-o oo

Here, the limitation conditions are specified as:

(1)

(2)

(3)

(4)

(5)

also, nondimensional stream,
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N _ kK 2a 160*TS _ vW \
M = —pfa,Pr o) o) A= / axI',R = e Jw = , |$
u2
We = xT’ E =———, Le 6 B*
 Cp(TrTeo)’

The skin friction, local Nusselt number, and local Sherwood number can be defined as:

(9)

= w — _Xw
Cfx ~ pud’ & Nuy k(T-T,) (10)

At the surface, the shear stress,

ou T (ou)3 T
T, = U [E +5 (5) ], and thermal fluxg,, = —k (E)yzo (11)

Using Eq. (5) to solve for variables in Eq. (10) and Eq. (11), we get the following terms:

Cfx,/Rex = (1 + %f”(O))f”(O) \73 = —(14+ R)0'(0),Here the local Reynolds number

Uy X

specified as Re, = —
3. Numerical method

The transformed set of ODE Eq. (6)-(7) and the appropriate boundary circumstances Eq. (8) have
been solved numerically by using the bvp4c technique the programming pattern of the boundary
circumstances can be employed to determine three unknowns. The procedure will be performed
before the desired extent of accuracy is obtained. Reduce the Eq. (8)-(9) in to set of first-order
equations via proper substitution defined as follows:

F() =), $(2) = #'(m), #3) = " (), $(4) = 6(m), #(5) = 6'(m),

Now, the subsequent set of equations of the first order are as follows:

$2)
$(1) $(3)
#'(2) (#(1) + $(3) — ($(2))° + (Msin?(a) + K,,) * #(2))
kﬁ% ) ) i (1+26(3)
#&) | $(5)
(1g) (6 + 85 + Ec (63)” + We($) + M(5D)” + 05 (®)))

The associated initial conditions are:
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Fa (1) fu

$a(2) —1—A*#$,03)
| #.(4) | =] =1 -6 4,05

£a(2) 0

$a(6) 0

In this article, a step size of 0.01 is selected to satisfy the convergence criterion of 10™* . In the
results, six decimal places of accuracy are obtained.

4. Numerical code Validation

Comparison values of Skinfriction with Pr. Enhanced skin friction numerical results for various
fluids and has shown the validity of the method. Parameters are summed up as Table 1 uses the
numbers from Khan and Pop [22], Gorla &Sidawi [23], and Wang [24] to draw comparisons between
the three studies. It demonstrates the precision expected. A verification code is thus allowed.

Table 1
Comparison of values of —6'(0)with previous results when A =R =Ec=M =Kp =

Pr Khan Gorla and Sidawi Wang [24] Present study
and Pop [22] [23]

0.7 0.4539 0.4539 0.4539 0.4539

2 0.9113 0.9114 0.9114 0.9113

7 1.8954 1.8905 1.8954 1.8954

5. Graphical Results and Discussion

Figure 2 shows that the influence of a magnetic field factor on velocity gradient. A drag force is
known as the Lorentz force and it is improved by governing the magnetic field because this boundary
layer surface is attracted towards the velocity and hence the width lowers as magnetic strength is
higher.

Figure 3 illustrates the impact that the parameter representing the magnetic field has on the
temperature. As the magnetic field parameter M rises, there is a corresponding rise in temperature
profile. In addition to this, we can observe that the thickness of the thermal boundary layer grows
when the magnetic field value is raised.

Figure 4 shows the variations in the velocity field for several values of the suction/injection
parameter (fw). The increase in wall suction causes an increase in velocity, causing the flow to
accelerate. Suction increases the boundary layer’s adherence to the flow, lowering the thickness of
the momentum boundary layer. As a result, suction can also be used to stabilize the outside flow of
the boundary layer on the wedge surface. However, increasing the injection factor at the wedge’s
wall causes to the flow decelerate significantly, i.e. the pressure drop. As assumed, the fluid velocity
for impermeable wedges drops between the weak suction/injection instances.
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Table 2

The quantities of Cfx,/Rex,and Nu, (Re,)~'/? with various values of
M, f,,,Kp,A and a the other values are Pr =7,Ec =0.2,We =3,Q =

02,A=10.1,6§=01,R=02

M f, kp A a —(1+3f'O)f"0)  —(1+R)(0)
1 01 01 01 m/6 0.481335 1.909836
2 0.515432 1.736706
3 0.545857 1.602261
1 0.3 0.516762 2.832506
0.5 0.553765 3.692629
01 0.3 0.508936 2.014749
0.5 0.534073 2.118347
0.1 0.3 0.386495 1.481884
0.5 0.325461 1.268373
m/4 0.515432 2.040768
m/3 0.545857 2.169733

Table 3

The quantities of Nux(Rex)‘l/2 with various values of Pr, Ec,We, Q,R, and §
and a the othervaluesare M = 1,f,, =0.1,a =n/6,Kp = 0.1,and 1 = 0.1

Pr Ec We Q R 6 —(1+R)6'(0)
3 0.2 1 0.2 0.2 0.1 0.673414
5 0.982348
7 1.215433
3 0.4 0.441143
0.6 0.208872
0.2 3 1.017602
5 1.361791
1 0.3 0.426488
0.4 0.005372
0.2 0.3 0.681152
04 0.686023
0.2 0.3 0.585095
0.5 0.517256
0.7 T T
M=0
M=1
0.6 M=2|]
0.5 d
0.4 fw=0.1;, a=nl6; Kp=0.5Pr=7; X=0.2 i

(¢

o
w

<
N

0.1

Ec=0.2;We=3;Q=0.2;A=0.5; §=0.5; R=0.2;

2 4 ¢ 5
Fig. 2. f'({) vs M
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1
2

0.6

0.5

fw=0.1, a=x/6; Kp=0.5;Pr=7; X=0.2 i
Ec=0.2;We=3;Q=0.2; A=0.5; =0.5,R=0.2;

© 0(¢) ©

0.2

011

0 2 4 ¢ 6 8 10
Fig.3.0(Q) vs M

— = 0.1
— fw=0.5
— fw =0.9

04 H M=1;a=x/6; Kp=0.5Pr=7; X=0.2 4
Ec=0.2; We=3;Q=0.2; A=0.5; §=0.5; R=0.2;

0 2 4 ¢ 5 8 10
Fig. 4. f'({) vs fw

Figure 5 demonstrates the variations in the thermal field with several values of the
suction/injection constraint (fw). Temperature upsurges with injection and declines with suction.
When suction is increased, the thickness of the temperature curves falls. Furthermore, increases in
heat transformations from the wall to the field, result in a drop in temperature. As a result, we can
conclude that the suction mechanism may be advantageous for rapidly cooling the flow field.
Additionally, it is possible to perceive that a solid injection raises the thickness of the thermal
boundary layer. It is primarily because the injection tries to force the heated fluid extracted from the
wall, forming a separating layer with a temperature close to that of the wall.
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0.7

0.6

0.5

4

o 0({) o

0.2

0.1

— fw =0.1
— W = 0.5 | |
— fw = 0.9
L M=1,a=n/6; Kp=0.5;Pr=7; A=0.2 i
Ec=0.2;We=3;Q=0.2;A=0.5; §=0.5,R=0.2;
0 2 4 ¢ 6 8

Fig. 5. 8({) vs fw

10

The variation of the profiles of velocity as well as temperature in contrast to the angle of
inclination factor is shown in Figures 6 and Figure 7. If one looks at the graph, one can notice that a
rise in the component results in a drop in velocity while an enhancement in temperature gradients.

0.7

a = 7l6
a = xl4
a =7al3

M=1;,fw=01; a=n/6; Kp=0.5; Pr=7; X=0.2
Ec=0.2; We=3;Q=0.2; A=0.5; =0.5;R=0.2;

2 4 ¢ 6 8
Fig. 6. f'({) vs a

10
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0-7 T T T T
a=mnl4
a=mxl4
0.6 a =x/3

0.4 M=1;fw=0.1;Kp=0.5Pr=7; A=0.2 il
%f Ec=0.2;We=3;Q=0.2;A=0.5; § =0.5;R=0.2;
0.3} i
0.2 .
0.1 .
0 . . ‘
0 2 4 ¢ 6 8 10

Fig. 7.0() vs a

Distributions of velocity and temperature vs permeability factor Kare shown in Figure 8 and Fifure
9, respectively. Enhancing the permeability variable leads to a fall in velocity and an upsurge in
temperature.

0.6 T T T T
Kp=1
Kp=2
0.5 Kp=3| 1
M=1;fw=01; a=7n/6; Pr=7; X=0.2
0.4 Ec=0.2;We=3;Q=0.2;A=0.5; §=0.5;R=0.2;
S
Lol
0. J

0.2

0.1

4 ¢ 6 8 10

Fig. 8. f'({) vs Kp
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08 T T T T
Kp=1
0.7 Kp=2| 1
Kp=3

M=1,fw=01; a=x/6; Pr=7; X=0.2 e
Ec=0.2;We=3;Q=0.2;A=0.5; §=0.5,R=0.2;

0(0)2

o
~
T

0 2 4 ¢ 6 8 10
Fig.9.0({) vsKp

Figure 10 shows the influence of the Prandtl number (Pr) on a temperature curve. Increases in Pr
seem to reduce the fluid's thermal diffusivity, leading to a slower rate at which heat can penetrate
into and across the fluid.

Pr=3
Pr=5]|
Pr=7

M=1;fw=0.1; a=7/6; Kp =0.5; A =0.2
Ec=0.2;We=3;Q=0.2;A=0.5; §=0.5,R=0.2; 7

0 2 4 ¢ 6 8 10
Fig. 10. 6({) vs Pr

Figure 11 the impact of Eckert number on the temperature profile. In this figure, we observed

that a rise in the viscous dissipation parameter results in an enhancement in the temperature profile.
This is because heat energy is stored in the liquid as a result of the frictional heating that takes place.
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Ec=0.2
Ec=04
Ec=0.6

M=1;fw=0.1; a=7/6; Kp=0.5Pr=7; X=0.2
We=3;Q=0.2;A=0.5; §=0.5;R=0.2; ]

0 2 4 ¢ 6 8 10
Fig. 11.06(Q) vs Ec
The effects of the Weinessberg parameter on the temperature profile are shown in Figure 12.

Because the W lowers the temperature profile, the thickness of the temperature boundary layer
drops, which in turn reduces the amount of heat that is transferred from the surface to the fluid.

0.8 T T T T

We =1
— We =3
— We=5

29(¢) ©

M=1; fw=0.1; a = 7/6; Kp=0.5;\ = 0.2 i
Pr=7;Ec=0.2;Q=0.2;A= 0.5;6=0.5;R=0.2;

0 2 4 ¢ 6 8 10
Fig. 12. 6({) vs We

Figure 13 and Figure 14 illustrate, respectively, the impacts of the velocity slip parameter on the
velocity and temperature curves. With an increase in the velocity slip parameter, which slows down
the velocity and raises the temperature as a result, it has been discovered that the temperature rises
with an enhancement in the values of A.
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M=1;fw=0.1; a = 7/6; Kp =0.5; Pr=7; XA=0.2
Ec=0.2;We=3;Q=0.2; §=0.5;R=0.2;

4 ¢ 6 8 10
.13. () vs A
07 T T T T |
A=0.3
A=05] |
06 A=0.7
M=1;fw=0.1; = n/6; Kp=0.5;Pr=7; X=0.2
0.5 Ec=0.2; We=3;Q=0.2; §=0.5;R=0.2; b
0.4 J
S
I
0.3 b
0.2 J
0.1 b
0 , , ,
0 2 4 ¢ 6 8 10

Fig. 14. () vs A

The effects of the thermal slip on the temperature are shown in Figure 15. As the value of the
thermal slip factor grows, the temperature drops. As a result of the fact that the reason is as § grows,
the temperature either goes up in the free stream or falls at the surface level. Because of this, a drop
in thermal boundary layer width also occurs whenever § values are raised.
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0.8 T T T T

6=0.1
6=0.3] 4
6=0.5

0.7

0.6 M=1; fw = 0.1; a = «/6; Kp=0.5;1 = 0.2 1

Pr=7;Ec=0.2;We=3; Q=0.2;A= 0.5;R=0.2;

() ©

0.3

0 2 4 ¢ 6 8 10
Fig. 15. 6({) vs 6

The influence of the radiation factor on the temperature gradients is seen in Figure 16. It has
been noticed that when R is increased, there is a corresponding reduction in the temperature profile.
This is due to an upsurge in the radiation factor R leads to a reduction in the depth of the thermal
boundary layer.

08 T T T T
R=0.2
0.7 R=0.5]
R=0.7
0.6 M=1;fw=0.1; a = @/6; Kp =0.5; Pr=7; X=0.2 4
Ec=0.2;We=3;Q=0.2; A=0.5; § =0.5;
4 ¢ 6 8 10

Fig. 16. 6({) vsR

Figure 17 displays the physical behavior of the heat source versus the temperature field.
Temperature curves show an increase for increasing Q values, as seen by the graph.
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Q=0.2
Q=0.3

0.8

M=1;fw=0.1; a =7/6; Kp=0.5;Pr=7; X=0.2
Ec=0.2;We=3; A=0.5; §=0.5;R=0.2; J

0.2 [

0 2 4 ¢ 6 8 10
Fig.17.6({) vs Q

Velocity and Temperature graphs are explored in Figure 18 and Figure 19 for the Williamson
factor. The effect of the Williamson factor on the dimensionless velocity and temperature for fixed
values of other parameters. These data show that an increase in the non-Newtonian Williamson
factor results in a drop in the boundary layer width, which in turn consequences in a decline in the
velocity field. In the meanwhile, the temperature is falling.

0.7 T T T T

A =01
A =05

0.6 A =09

M=1;fw=0.1; a = 7/6; Kp =0.5; Pr=7;
Ec=0.2;We=3;Q=0.2;A=0.5; =0.5,R=0.2;

0.1

0 2 4 ¢ 6 8 10
Fig. 18. f'({) vs A
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07 T T T T
— ) =0.5
0.6 —_— ) =09

0.5

& 002

M=1;fw=0.1; a = w/6; Kp =0.5; Pr=7; 7
Ec=0.2;,We=3;Q=0.2,A=0.5; =0.5;R=0.2;

02F

0 2 4 ¢ 6 8 10
Fig.19.6({) vs 4

6. Conclusion

In the present study, we investigated the influence of Velocity and Thermal Slips impact on the

Williamson fluid flow above a stretching sheet in the existence of inclined magnetic field and
Radiation. From the numerical outcomes achieved, some of the interesting outcomes are as follows:

I.  Theincreasing of M, a, Kp, A, A decreases the velocity profile whereas increases the
temperature.
Il.  Increasing fw decreases the velocity profile as well as temperature.
lll.  With the increasing of Pr,We, § decreases the temperature
IV.  With the increase of radiation parameters R, Q and Ec increases the temperature.
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