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Abstract

This study analyses the stagnation point flow of a non-Newtonian fluid past a stretching sheet,
incorporating a non-Fourier heat flux model. By applying similarity transformations, the
momentum, energy, and concentration equations are transformed into a system of ordinary
differential equations. The numerical solution is obtained using the shooting method
combined with the MATLAB software. The energy equation integrates the Cattaneo-Christov
heat flux model. Velocity, temperature, and concentration profiles are examined for various
fluid parameters, while key physical quantities such as the friction coefficient and Nusselt
number are computed. Results indicate that an increase in the Williamson parameter
enhances the Nusselt number while reducing the skin friction coefficient.
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1. Introduction

In non-Newtonian fluids, the relation between shear stress and shear rate is always nonlinear
which play key role in many applications such as polymer industries, food processing
industries etc. Due to wide range application of boundary layer flow of non-Newtonian fluids
many researchers investigated heat and mass transport phenomena in different types of non-
Newtonian models. Initially Sakiadis(1-3) demonstrated boundary layer flows over moving
surfaces with three different geometries. Later many researchers discussed boundary layer
viscous flows problem with variety of physical conditions and geometries. Williamson fluid
can be classified as visco-inelastic non-Newtonian model.Nadeem.S and Akram (4) studied
about induced magnetic field significance in visco-inelstic fluid flows.Hayat.T et al (5) time
dependent Williamson fluid flow over a surface with electric and magnetic field effects.In
another study by Halim N.A et al (6) reports about heat and mass transport behaviour of
Williamson fluid with zero mass flux boundary condition. Gorla R.S and Gireesha (7) given
dual solution to stagnation point flow of visco elastic fluid flow over a moving surface.Konda
Jayarama Reddy et al (8) examined non uniform heat source sink effect under melting heat
transfer effect. Recently Tirumala et al (9) discussed impact of melting heat transfer in non-

Newtonian fluids.Siginifcance of chemical reaction on a 3D stretching sheet problem was
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investigated by Hayat.T et al (10) using Williamson Rheological model. Recently Oguneseye
S.A et al (11) discussed boundary layer behaviour of visco elastic model over a vertically

moving surface.

Most of the cases one of the widely used expression for discussing heat transfer in various
condition is Fourier Law. Later Cattaneo (12) modified this Fourier law with thermal
relaxation time and later this model is further modified by Christov (13).Many researchers
applied this model in analysing thermal properties of distinct non-Newtonian fluids in
boundary layer flow problems. Fahad Munir Abbasi et al (14) considered this model for
exploring Maxwell non Newtonian fluid flow over a stretching sheet. Anantha kumar et al (15)
discussed impact variable heat source sink with different geometries using non-Fourier heat
flux model.Sandeep and Sulocahna (16) developed model for discussing thermal behaviour of
three different non-Newtonian fluids over a stretching surface with Cattaneo -Christov model.
Recently Nazeer et al (17) scrutinised Carreau nanofluid flow over a stretching surface with
variable fluid properties. Transpiration effect on fluid flow with Cattaneo-Christov model is
presented by Raju C.S.K et al (18).Besides these above mentioned research works some more
important works on this non-Fourier heat flux model can be found in the literature.(See
(15,19-24) ).Most of the authors cited above focused on Cattaneo-Christov model with
different non-Newtonian models under different physical conditions ,but no work is reported
on Visco-inelastic model to the best of authors knowledge. Hence main aim of this article is
to explore thermal characteristics of Willianson stagnation point flow with Cattaneo-Christov

model.
2. MATHEMATICAL MODEL

Let us consider a 2D incompressible, time independent laminar fluid past a stretching sheet.
Flow is induced by stretching the surface in x-direction and a transverse magnetic field g is
taken perpendicular to surface. and  indicates constant temperature and concentration at
the sheet Free stream velocity is taken as = and stretching sheet velocity
is = .The governing boundary layer equations for MHD convective Williamson fluid
flow behaviour of Cattaneo-Christov heat flux type over a linear stretched surface can be

written as

Continuity equation: ou + w_ 0, (1)
ox Oy

Momentum equation:
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Energy equation :

or o« (82Tj oc o  D; [aTj
Uty —| = D, ——= +=L
Ox 8y pc, \ Oy ovoy T,

L[ O°T T ), L(&T) ov or, ovor oTou, or & ou
+Alu — | +2uv +v S | +u +U—— +v—
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3)

Concentration equation:

oCc oC o°C\ D,(o'T
Uu—+v—=D,| — |+ = | (4)
ox 0Oy o) T\

With boundary conditions,

oT

u=U,=cx,v=0,~k—=h,(I,-T),C=C, at y=0
0y
u—-u,=ax,’ >T,C>C_at y—->owo (5)

Here velocity components in x and y direction are represented by u and v respectively and

u, refers to free stream velocity , strength of magnetic field is denoted by B, , I' is the time

rate constant .The governing equations (1)-(4) can be transformed to a set of nonlinear

ordinary equations by introducing the following non-dimensional variables :

. = O =V O = O=2

= (== 6)

with application of equation-(6) , fluid flow governing equation takes the following form.

O+ OO- O+ "TOTO- [O- ]+ 2=0 (7)

0 (n)-Pyf(n) 6 (n)-Pyf (n)6(n)+Pf(n)6(n)+PNbOS +Nb>=0  (8)
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# (n)+5.1 ()9 () + 30" =0 ©)

The transformed boundary conditions:

7(0)=0,7(0)=1,6'(0)=y,[1-6(0)],4(0) =1
at7720 (10)
f'(oo) - A’H(OO) — 0,¢(OO) — Oasn —> o

2
: : 2 - :
here M=—2 , is magnetic parameter , = \/:I' denotes Williamson  fluid parameter,

Boit number is denoted by ; = — \/:, and  =— refers to Schmidt number

the local skin-friction () the local Nusselt number () and the local Sherwood number

( ) are defined as == S =— ;=

( _oo) ( _oo)

(11)
and these physical quantities can be reduced into the dimensionless form as below:

1
2

N[
N[~

22 = "0+ "(0)? - (0 (13)

=— (0,
Where R =— is the Reynolds number.

3. Results and discussions.

In this section, we have discussed about behaviour of momentum, temperature and
concentration distributions with respect to different fluid flow parameters such as Magnetic
field parameter (M), Williamson parameter (We), stretching ratio parameter (A), Brownian
motion (Nb), thermophoresis (Nt), Deborah number (A) and Biot number (y) etc. The
governing equations (8)-(10) are solved along with boundary conditions mentioned equation
(11) using shooting method. Fig 2 portrays the effect of magnetic parameter on momentum
behaviour and it is noticed that velocity profiles decrease with strong magnetic field strength.
The main reason for this is Lorentz force created due to applied transverse magnetic field in

the perpendicular direction of fluid flow.

Fig 3 shows the temperature profile for magnetic field parameter (M) and clearly one can

notice that temperature profile increases with respect to applied magnetic field. Impact of
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Williamson parameter (We) is plotted through Fig 4 and from this picture it is clear that
velocity distribution is decreased for higher values of parameter (We). Biot number effect on
temperature profile is shown in Fig 5 and from this figure it is evident that temperature

profile increases.

Fig 6 shows the significance Brownian motion parameter (Nb) on concentration profile and
an decreased concertation profile noticed for higher Nb values.This happens due to switching
over of fluid particles between cold region to hot region within the boundary layer. The
impact of Thermophoresis on temperature is plotted through Fig 7 and an uplift of
temperature distribution and thermal boundary layer thickness is noticed for thermophoresis

parameter (Nt).

Fig 8 reveals the importance of Schmidt number (Sc) on concentration profile and it is clear
that concentration profile decreases with Sc values. Basically, Schmidt number is ratio
between molecular and viscous diffusion rate , so by increasing Sc values kinematic
viscosity beats the mass diffusivity ,as a result concentration profile diminishes. Fig 9
exhibits role of stretching ratio parameter(A) on velocity profile and it is observed that

velocity profile increases for A>1.

4. Conclusions

Williamson non-Newtonian fluid flow over a stretching sheet with Cattaneo-Christov heat
flux is studied numerically with Buingrno model under convective heat transfer boundary
condition using shooting method .Some of the important outcomes of this theoretical study

are as follows:

e Stretching ratio parameter increases velocity profile.

e Skin friction coefficient decreases for Williamson parameter whereas Nusselt number
increases for Williamson parameter.

e Sherwood number improved for Williamson parameter.

e Deborah number enhances temperature profile.
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Fig 3: Impression of magnetic field on temperature.
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Fig 5 : Impression of Biot number on temperature.
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Fig 7: Impression of thermophoresis on temperature.
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Fig 9: Significance of stretching ratio on velocity.
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