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Abstract: MHD stagnation point flow of Williamson fluid through porous media over a
stretching surface under influence of thermal radiation and viscous dissipation is
examined. Along a set of proper similarity transformation governing PDE’s are converted
to non- linear ODEs after that solved numerically by Runge-Kutta (RK4) scheme allied
with shooting technique. Via tables and graphs numerical outcomes for local Nusselt
number and skin friction coefficient, also temperature and velocity field are interpreted.
Ascendancy of Prandtl number, Radiation parameter, non-Newtonian Williamson fluid
parameter, Eckert number, Magnetic parameter, velocity and thermal slip parameter
properties are discussed. Present outcomes compared with existing results and observed
excellent validation.
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1. Introduction

During last decades, enormous efforts have been implemented in fluid flow on
account of stretching sheet operation to find out valuable elucidation of
manufacturing and industrial processes, like polymer preparing, paper making, food
perpetuating processes, crystal manufacturing, and filtration in petroleum industries.
On this topic for the beneficial and debt importance, several researchers interested to
examine about the recent findings which work for this field. Sakiadis [15] first
contributed on fluid flow owing to stretched surface. Williamson [16] studied flow of
pseudo-plastic objects and displayed model to explain, behavior of pseudo-plastic
material and describe beneficial consequence of plastic flows, and identified that
viscous flow is certainly diverse from plastic flows. Krishnamurthy et al. [8] analyzed
time independent flow of Williamson fluid considering nanoparticle on account of
linearly stretching surface considering effect of chemical reaction and melting heat
transfer. Nadeem et al. [13,14] have studied Williamson fluid flow in account of
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stretching surface. By Manjula et al. [10] MHD Williamson nanofluid flow through
porous medium with viscous dissipation was investigated. Mahapatra and Gupta [11]
have studied time independent two-dimensional incompressible viscous fluid flow
towards stagnation point over flat deformable sheet. Megahed [12] have studied
boundary layer flow of Williamson fluid and heat transfer account to nonlinearly
stretching surface, also considering viscous dissipation and thermal radiation
circumstance. Malik [9] solved numerical problem of MHD flow of Williamson fluid
over stretching cylinder. Khan and Khan [7] analyze steady boundary layer flow of
Williamson fluid. Aman et al. [1] analyzed time independent stagnation-point flow of
viscous and incompressible fluid past linearly stretching/shrinking surface in account
of magnetic field. Bouslimi et al. [4] studied Williamson nanofluid in presence of
electromagnetic force and thermal radiation on stretching sheet via porous medium
with presence of heat generation/absorption and Joule heating, also considering effect
of Brownian motion and thermophoresis coefficients. Bhattacharyya [2,3] have
studied effect of slip factors on heat transfer and boundary layer stagnation point flow
past a shrinking surface. Chaudhary et al. [5,6] analyzed MHD stagnation point flow
over stretching sheet. Sakiadis [15] studied boundary layer behaviour on continuous
moving solid surfaces and Williamson [16] studied the flow of pseudoplastic.

2. Mathematical Formulation

We presume slip effects on time independent two-dimensional stagnation point flow of
Williamson fluid towards a stretching surface as demonstrated in Figure 1. Here external
velocity is ue(x) = ax and stretching velocity is uy(x) = cx, where a and c are constants
and governing equations are:
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Figure 1: Sketch of physical model
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With boundary conditions:

] T
u=uW+ylu£, v=0, T:Tw+ﬁ1£ at y=0, 4)
u-u, T->T, as y— oo (5)

Where, in x and y directions corresponding velocity is u and v. Wall temperature is
Tw(x) = T + bx?, v is kinematic viscosity, applied magnetic field is By, k; is
permeability of porous media, Temperature of fluid is T, g, is radiative flux, x represent
thermal conductivity, y; is velocity slip parameter, f; is thermal slip parameter, p
represent fluid density, specific heat represented by C, , I" represent time constant and
viscosity is L.

ia_*)f’_T‘*
3K,/ 0y !
where o represents Stefan-Boltzmann constant, x; represent mean absorption factor.
About free stream temperature by using Taylor series, we have

T* = 4TT3 — 3T4. (6)
Now Equation (3) transform into

For radiation we have used Roseland’s approximation and obtain g, = —(

aT T _ k 92T | u [ ou\ [ou\2  160°TS 82T

e e (155 (5) tase s (7)
3. Problem Solution
Now, we propose similarity variables as following:

T-Teo

n = (c/v)"2y, b =evfm), 0() = .—=, (8)
where ¥ denote stream function

W __ %
u=2 p=-2 ©)
By using equation (8), equation (1) satisfies identically and equations (2) and (7), becomes
[T = (M A Kp)f = 2+ Aff" + €2 = 0, (10)
(1+R)0" — Pr [(29f' — £0') — Ecf"? — %Eclf”3]. (11)

_vpCyp . . _ 2¢3 .
Where Pr = — s Prandtl number, Ec = =3 1 Eckert number, A = xT —- Is non-

14
Newtonian Williamson parameter and e =% is stretching parameter. The boundary

conditions (4) and (5) turn into
f(0) =0, f'(0) =1+yf"(0), 6(0) =1+ B6'(0), (12)
f'm) = €60 = 0asn - . (13)
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Where, dimensionless velocity parameter is ¥ = y*p(cv)'/? and thermal slip parameter

1/2
is f=p0" G) . If wall temperature continues constant then f = 0. Skin friction
coefficient Cr and local Nusselt number Nu are accorded as

Tw

Cr= oz’ (14)

__—x (o
Nu = (ay)yzo' (15)
The surface shear stress t,, is given by

__0u 10u
Tw =Hy 1+F\/;$], (16)
Using similarity variables give

14 A //

CrRey/” = £(0) +5 (f"(0))?, (17)
Nu,Re;"* = —6'(0). (18)

2
where Re, = =~ is local Reynolds number.

4. Numerical Solution

We encounter numerical solution of problem by using RK4 method allied with shooting
technique. MATLAB computer programming is utilized for calculations. Appropriate
estimates of f'' and @' as n = 0 are taken with shooting technique to attain boundary
conditions at n — oo which are € and 1. We assume An = 0.01 and value for 9,4 = 6.
Equations (10) and (11) with boundary conditions (12)-(13) are modified into system of
differential equations of order one as following:

fi=f2 (19)
f2=1s (20)
fi =g FF + M+ K)fo — fifs = €] (21)
fi="Fs (22)
fi==|@of - Fo1) — Ec(1+34"2) f"] (23)

5. Discussion of the Results

In Table 1 validation of present results is established by comparing with results of
Mahapatra and Gupta [11].

Table 1: Comparison for variations in values of e when Pr=1,1=0,M =0, K, =0, y =
0,=0,R=0and Ec=0.
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€ Mahapatra and Gupta [7] Present
'(0) f'(0)
0.1 -0.9694 -0.96943
0.2 -0.9181 -0.91811
0.5 -0.6673 -0.667261
2 2.0175 2.017502
3 4.7293 4.729282

Table 2 represents numerical values of local Nusselt number and local skin friction
parameter for various parameters and default values of parameters for calculation are
taken €=3, M=0.1, Kp=0.1, Pr=1, R=1, =1, y=1, A=1 and Ec=1.

Fig.2 and Fig. 3 depicts increment in values of Williamson parameter deflates velocity and
inflate temperature profile, because ratio of relaxation time to retardation time is
Williamson parameter, so when we increase A, relaxation time will increase as a
consequence of this, viscosity of fluid increases. Increased viscosity results deflation in
velocity and inflation in temperature. Fig.4 demonstrate impact of Magnetic parameter on
temperature profile. Increasing values of M inflate temperature due to the retarding Lorenz
force. Fig.5 shows the effect of Permeability parameter on velocity profile. Velocity
deflates with increasing values of Kp, because Kp in inversely proportional to permeability
of porous media. Fig.6 and Fig.7 elucidate impact of velocity slip parameter y on velocity
and temperature profile. y inflates velocity and deflate temperature profile. Fig.8 shows
impact of temperature slip factor # on temperature. Temperature slip appear when sheet
temperature and temperature of fluid flow are not in thermal equilibrium. Temperature of
the fluid decrease with increasing temperature slip parameter. Fig.9 demonstrate radiation
parameter effect on temperature. Inflation in R reduce Rosseland radiation absorptivity «,
radiative heat flux inflate as « deflate i.e. radiative heat transfer rate to fluid will increase
so, fluid temperature inflate. Fig.10 demonstrate impact of Prandtl number on temperature
profile. Inflation in Pr, temperature decreases because of Prandtl number is proportional to
the specific heat i.e. more the heat requires to increase temperature for a given amount.
Fig.11 demonstrate that for increment in Eckert number, temperature profile inflates
because an increment in values of Ec, self-heating in fluid increase, so temperature inflate.
Fig.12 demonstrate increment in values of stretching parameter € increases velocity profile
because of stretch, which reduce viscous effect on flow so, momentum boundary layer
thickness is reduced along increment in € hence increased velocity. Fig.13 depicts effect of
€ on temperature. Temperature reduces when e is increased.
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Table 2: For variations in values of .Z, M, Ky, 7 4, R, Pr and Ec, Values of f '(0) and 6(0).

A M Ko y | £ | R Pr | Ec € f'(0) 6(0)
0.1 1.365443 | -0.63102
1 1.258559 | -0.582993
3 1.129589 | -0.500858
5 1.052466 | -0.436155
0.4 1.171616 | -0.596724
0.6 1.115900 | -0.604585
0.8 1.061971 | -0.611491
1.0 1.009816 | -0.617508
0.4 1.171616 | -0.596724
0.6 1.115900 | -0.604585
0.8 1.061971 | -0.611491
1.0 1.009816 | -0.617508
1 1.258559 | -0.582993
3 0.554638 | -0.700710
5 0.351911 | -0.713310
7 0.257274 | -0.717084
1 1.258559 | -0.582993
3 1.258559 | -0.241874
5 1.258559 | -0.152590
0 1.258559 | -0.586372
1 1.258559 | -0.582993
10 1.258559 | -0.579768
20 1.258559 | -0.579395
1 1.258559 | -0.582993
2 1.258559 | -0.603430
3 1.258559 | -0.607829
4 1.258559 | -0.607906
1 1.258559 | -0.582993
3 1.258559 | -0.241874
5 1.258559 | -0.152590
7 1.258559 | -0.111451
1 |-0.057540 | -0.595260
2 | 0.586529 | -0.638413
3 | 1.258559 | -0.582993
4 | 1.939496 | -0.43644
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6. Conclusions

In this paper a theoretical analysis of MHD stagnation point flow of Williamson fluid
over a stretching surface implanted in porous medium under influence of thermal
radiation and viscous dissipation have been done. We have acquired following results:

(1 Increment in Williamson and Permeability parameter deflate velocity profile and
inflate temperature profile.

(i) Thermal boundary layer decrease for increment in values of thermal slip parameter.
(iii)  Temperature profile inflates as radiation parameter and Eckert number increases.
(iv) Temperature profile deflate for increasing Prandtl number.

(V) For increasing stretching parameter skin friction coefficient increases.
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