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Abstract

This study focus as the flow behaviour of boundary
layer Casson fluid embedded in an inclined stretching sheet in
existence of stagnation point viscous dissipation and mass
transfer. Governing equations are modified to ordinary
differential equation through similarity techniques. Results of
several physical parameters over velocity, temperature field,
concentration, coefficient of skin friction, Nusselt and
Sherwood number are demonstrated through graphical

representation and discussed.

Keywords: Inclined stretching sheet, Casson fluid, Stagnation point

flow,viscous dissipation, Chemical reaction.

683


mailto:valsamy@yahoo.co.in
mailto:sheelasastra15@gmail.com
mailto:nirmalapasala@yahoo.co.in

Turkish Journal of Computer and Mathematics Education Vol.10 No.2 (2019), 683-700
Research Article

1 Introduction

Analyzing the non-Newtonman fluid through a stretching sheet with
stagnation point flow has prominent role in various industrial and engineering
applications. Chaim (1996) investigated outcome of stagnation point flow
field with vanable thermal conductivity by analytical and numerical method
of approaches. Mahapatra(2002) and Gupta evaluated stagnation point flow
of boundary layer temperature field with surface heat flux embedded 1n a
stretched sheet. Ishal et al (2009)explored numerical result of variable surface
temperature on stretching sheet with consideration of stagnation points flow
by utilizing Keller box method. Bhattacharyya (2013) reviewed heat transfer
of time dependent surface temperature through shrinking/stretched sheet
with boundary layer stagnation point flow. Mahood et.al (2015) discussed
steady electrically conducting fluid flow on a permeable stretched medium
with magnetohydrodynamic, stagnation point flow, first order chemical rate
reaction.

Pramanik (2014) numerically examined the outcome of suction or blowing
and thermal radiation on an exponentially stretched surface with Casson fluid
model. Gireesha et al., (2015) scrutinized Casson fluid through a permeable
stretched channel with preseribed surface temperature, prescribed heat flux,
suction or blowing and non uniform heat sink/source. Jawad Raza (2019)
studied Casson flid with the outcome of stagnation point flow, velocity shp,
heat radiation and chemical rate reaction embedded 1n a convective stretched
sheet. Chamka (2000) analyzed boundary layer natural convective flow

of electrical conducting flmid on an inclined permeable stretched medium with

magnetic induction, heat absorption or generation and fllid wall injection or
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suction. Eldahab and Aziz (2004) evaluated the effect of mixed convective,
internal heat absorption/generation. heat flux and suction/blowing over the
power law inclined stretching surface by numerical approach. Venkateswarlu
and Satya Narayana (2016) investigated the outcome of MHD Casson model
over the stretched channel with the occurence of variable thermal conductivity,
viscous dissipation, Soret and Dufour effects by numerical solution of shooting
method.

This work analyzes the flow of stagnation point through the inchned
stretched sheet with outcome of thermal radiation, viscous dissipation and
mass transfer. Non-linear System of differential equations are derived by

perturbation approach. Results of various parameters displayed in graphs.

2 Mathematical formulation

This investigation analyzed steady laminar two dimensional boundary
layer mmcompressible Casson fluid past an inchined serm infimite stretched sheet
comcide with plate at y=0. There 1s a strength of constant magnetic field By
i1s given In y-axis direction. Stagnation point Uy(x) = ar and Uy(z) = bx
describes stretched wvelocity and free stream wvelocity in the direction of x-
axis. which considered that the stretching sheet inchination with angle o .
Sheet temperature and concentration represented by T and . Rheological

equation of 1sotropic Casson fluid defined bv{ 2010),

2( — )eij, ™=,

Tij =
ofiketh
2{\;—3_-&{}6?;}5 m < T,

here, m;; defines (7, 7)"" component of stress tensor, ™ = e;;¢;; is deformation

rate of (7, j) component, 7w indicates product deformation rate of component
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itself, 7. denotes product critical value, the plastic dynamic viscosity defined

by pg, P, represents yield stress. 3 = FEp=—c 2T denotes parameter of Casson
L

flud.

The boundary layer approximation of governing equations are written as

follows
du v
I 1
tax " Oy 1)
Ou — Ou 1. 0% - dUs 5’02 a.f :
'Ha + ‘L-a—y = If(l + E)ﬁ—yg + Lxﬁ — U?U- + g3;'fT - ijCGS(I -+ gr'jf'(c - CM}CDSQ’ (2)
\
=
Bo ;
" Boundary fayer
W
- slit
w
Figure 1: Physical Configuration
aT aT . 92T 1..4 1 dgq,
U— + v S _{1+._{;_u2__;q (3)
dx dy  pey Oy? 27 dy pep Oy
P 2
w26 4,08 _0C | ko —c.) (1)

dr - dy  Oy?
here w and v are velocity over x and y direction, stretching sheet velocity
1s ax, where a = () 15 defined rate of stretching  defines kinematic viscosity,
p describes density, ¢ describes electrical conductivity, g denotes acceleration
gravity, & describes thermal conductivity, ¢, denotes specific heat.

The flow 18 considered in the following boundary condition,
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u=uylr)=ar,v=0T=T,C=C,. at y—10,
(5)
éﬂy =0,v=0T=T,,0=C, at y—oc

Rosseland approximation for radiation is defined as(Pantokratoras (2014))

4o* 0T

here ¢ denotes Stefan’s constant and £* defines coethcient of mean
absorption. Expanding the T* over T, by applying Taylor series and omitting

the higher terms we get,
T' ~ 4T3 T — 3T (7)

substituting the eqn.(7) in eqn.(6), it becomes,

4o* 3k O(AT2 T — 3T1)
oy*

Gr = —

1673 0T
= "3k By

applying equation(8) in (3) we get,

oT o7 k 0T du o, 1672 6°T

_ 1+ e
Yor Ty T o VT E\Gy T 3R a2

make use of the similanty transformations below,
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Y = Vavzf(n),n = /3y,

(10)
O(n) = =L (1) = 5=
Stream function ¢ is described by,
oy )

Applying the equations (10) and (11) in the equations (2), (4) and (9) the

governing equations and boundary condition becomes,

(L+ )" () + )" () — J'(n)* + €2 — M f'(n) + Grb(n)cosar + Ged(n)cosa = 0(12)

(L + B (n) + Pr(f(n)6(n) — (1 + =) Ec[f"(n)]> = 0 (13)

@(n) + Se(f(n)e(n) + ye(n)) =0 (14)

transformed boundary conditions are modified by

fin)=1.f(n) =0,0(n) =1L.é(n) =1 at n—0,

(15)
() =0,f(n) =0,0(n) =0,6(n) =0 at n— oo
here = = g defined as wvelocity ratio parameter, M = %iﬁ defines magnetic
parameter, Gr = L‘“{ig“r_ﬁ 15 Grashof number, Ge = ﬂ%}r_ﬁ 15 modified
Grashof number., Pr = ”—E’— 15 Prandtl number, Eec = iﬁ 15 Eckert
mumber, i = 1630;3:3 1s parameter of radiation , Se = g 15 Schmidth number,
¥ = % 15 parameter of chemical reaction.

The coefficient of skin friction, Nusselt and Sherwood number are described

by
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Tw - I{Iu Iq:n
Cr=—  Nyy=— "% gp — . 16

Here 1, denotes shear stress over stretched sheet, g, represents surface heat

flux, gm describes mass flux, which are denoted as

O aT
Ty = —#{a—y]yzﬂ,qu, = —a[a—y}yzg and
Gm = —D;g{%]yzu respectively. (17)
Y

By using the eqn.(10) the above equati(}rl become
Vv Re, = —f"(0), Nu, = —/ Re,(1 —|— =0 and Sh, = —+/Re.d'(0)(18)

where Re, = ﬂ’—‘;(ﬂ denotes Reynolds number

3 Method of solution

Velocity, temperature and concentration are calculated using perturbation
techmque with Mathematica software. Since, the system of differential

equations are decompose into base part and perturbed part.

F(m) = foln) + efi(n) + € faln) + ...

g(n) = go(n) + egi(n) + ga(n) + ...
(19)

B(n) = bo(n) + b1 (n) + 26a(n) + ...

B(1) = do(n) + €d1(n) + €da(n) + ...
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The above equation are substituting into equation (12) to(15), the higher

orders of perturbation parameter (e?) neglecting and equating the zeroth and

first order terms.

Base part:

(1 + __—lz_j,}f,:’,” + fofd — f& + & — M f} + Gréycosa + Grogeosa = 0 (20)

(1 + R + Pr(fofl + Ag) =0 (21)
dp + Sc(fody — v¢o) =0 (22)

Perturbed part:

1 FEF F 1 A r !
(1+ E} L= fi + foff + ALY —2fofi — M f] + Gréicosa + Grgrcosa = 0(23)

(1 + R)8Y + Pr(fofy + fi6y — 61 + A1) =0 (24)
¢1 + Se(¢ fo + fidy — 1 — v1) =0 (25)

Base part boundary condition:

fo=1fo=06=1,¢g=1 at

n—+ 0
(26)
T =0, fo=08=0.8=0 at n—oc
Perturbed part boundary condition:
=0 fi =06 =0¢ =0 at 5—0
(27)
A=0A=0,6 =0,y =0 at n—+oc
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These base and perturbed non linear partial differential equation are derived
numerically subject to the boundary condition equations (26) and (27). The

oraphs are presented for the axial velocity, temperature and concentration.

4 Results and Discussion

Major intention of this study evaluates heat and mass transfer in the presence
of stagnation point flow of Casson flmid on an inclined stretched sheet. Results
of various values over velocity profile, temperature and concentration field
displayed 1 graphs.

Figure 2 illustrates the velocity profile f(n) increases with raising cases of
Casson fluid parameter (3). Figure 3 represents velocity field f(n) increase
with raismg values of M . Figure 4 displays the Grashof number velocity field
f(n) which falling with various values of Gr. figure 5 demonstrates velocity
distribution f(n) which decreases with several cases of Ge.

Figure 6 demonstrates the impact of radiation parameter over temperature
profile which decrease with increasing cases of R. Figure 7 displays the
outcome of Prandtl number over temperature profile which decrease with
mcreases values of Pr. Figure 8 demonstrates that result of Eckert number

on temperature distribution which 1s parabolic in nature with increasing cases

of Fc.
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cures 9 and 10 displays impact of Schmidt number (Se¢) and chemical
4F ]
3t .
= Sf ]
1L m_:
U :_I 1 1 1 1 1 1 I_:
1 2 3 4
n

Figure 2: Variation of 5 on wvelocity profile

reaction term~ over concentration ¢(7n) which describes both are falling with
mcreasing cases of Sc and ~.

Figure 11 describes the influence of Casson fluid parameter over coefhicient
of skin friction. It predicts that skin friction falling with various value of 3.
Figure 12 displays the variation of Casson flud parameter over Sherwood
number which is increasing with various values of 5. Figure 13 depicts that
effect of Schmidth number on Nusselt number which is decreases with different

values of Sec.

5 Conclusion

The stagnation point flow on stretching surface used in cooling transpiration,
wire drawing, designing of thrust bearings, polymer of extrusion drag
reduction, radial diffusers, drawing of plastic sheets, recovery of thermal oil

and involved in many hydrodynamiec process.
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Figure 3: Variation of velocity

profile for different value of M
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Figure 6: Variation

of K on rate of heat transfer
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Figure 7: Varation of Pr on rate of heat transfer
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Figure 8: Varation of Fc on rate of heat transfer
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Figure 9: Effect of Se¢ on concentration profile
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Figure 11: Variation of 3 on Skin friction
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Figure 12: Effect of 5 over Nusselt number
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Figure 13: Influence of Se¢ on Shearwood number
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