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Abstract: This manuscript discussed the influence of inclined outer velocity on heat and flow transference in
boundary layer Casson fluid over stretching sheet. The flow is adopted to have magnetic field in the uniform
manner on stretching surface. It has been taken that in both directions along the horizontal axis, the sheet is
stretched. Using similarity transformations, the generating equations representing the heat and flow
transportation are converted to ordinary differential equations. The flow is influenced by magnetic parameter,
Casson fluid parameter, Prandtl number and the impinging angle parameter. The numerical solutions of the
transformed equations have been computed by the Runge-Kutta Fehlberg method using shooting procedure.
Behavior of emerging parameters is depicted graphically. Acceptance of the extant technique used in current study

is correlated with the existing outcomes.
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I. INTRODUCTION

Numerous practical applications of heat and flow
transportation in several divisions of manufacturing
procedure lead attention of many researchers in this
field of stretching surface. Crane(1970) initiated the
work on stretching surface by analyzing the heat and
flow characteristics over stretching sheet. Many
researchers (Andersson, 1992; Cortell, 2005; Poply et
al., 2013) further extended this study by analyzing the
impact on flow characteristics in various situations and
different surfaces, where theoretical results are
covenant with experimental results and they are well
documented in the literature. But, in some real-world
application such as extrusion of sheet, fluid has some
prescribed velocity. Many researchers analyzed the
effect of the outer velocity and stagnation-point flow
over stretching surfaces (Hayat et al., 2014; Hayat et
al., 2014; Ishak et al., 2009; Poply et al., 2015, 2017,
Siddheshwar & Meenakshi, 2016; Singh et al., 2010;
2010; 2011).

Many biological as well as industrial driven fluids
such as multi-tude oils, lubricating greases, gypsum
pastes, cleansing agents, blood, ceramics, paints etc.,

flow behavior does not pertained to the theory of
Newtonian fluid and its extensions. Therefore,
numerous works have been done for non-Newtonian
fluids, such as viscoelastic fluid (Labropulu, & Pop,
2011; Abel et al., 2008) and power-law fluid by Abel et
al. (2009).

The Casson fluid models containing several food
stuffs and biological materials, especially blood.
Mustafa et al. (2012) analyzed the behavior of heat and
flow transportation of Casson fluid about a stagnation
point using Homotopy analysis method (HAM).
Duality and exactness of the solution in Casson fluid
has been observed in Kameswaran et al.(2014) and
Bhattacharyya et al. (2014) respectively. They stated
that the dual solution exist in shrinking sheet as well as
in stretching sheet. In Casson fluid, Sheikh and Abbas
(2015) discussed the influence of homogenous and
heterogeneous reactions emerged from uniform suction
and slip from the surface. Effect of slip velocity on
unsteady stretching sheet due to Casson fluid with
variable heat flux has been examined by Megahed
(2015).

The above literature survey reveals that no study had
discussed so far the impact of magnetic field on oblique

www.ijatca.com 32



Renu Devi, International Journal of Advanced Trends in Computer Applications (IJATCA)

stagnation point with outer velocity over a stretching
surface in Casson fluid flow. The purpose of current
analysis over stretching sheet is to examine the
combined influence of inclined outer wvelocity and
Casson fluid over heat and flow transportation in MHD
flows.

1. MATHEMATICAL
FORMULATION
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Steady 2D Casson fluid flow of a non-compressible,
viscous, electrical conducting fluid with outer flow is
considered (shown in Figure 1). u, (x) and T,, (x) are
the linear wvelocity and uniform temperature on
stretching surface respectively. The generating
equations of flow under the above assumptions are
described as:
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Figure 1: Schematic diagram of problem

€y

(2)

av 6V_ 10P

u&+va—y— pay
N <1+1) 62V+82v @)
v 8/ \ax2 " ay?

6T+ oT K 0°T

Y ox Vay_ pCp dy?

where, velocity along y (vertical axis) and x (horizontal
axis) - axes are taken as v and u respectively.
P,o,v,Cp,T,Q,K and B, denotes the pressure,
kinematic viscosity, electrical conductivity, specific
heat (at constant pressure), fluid temperature, thermal
conductivity and magnetic field strength of the fluid
respectively.

4)

Restrictions on the boundary are describing the flow
model as:

At y=0 u=u,(Xx) =bx,
v=0 T=T,
y = o u = nxsiny + my cosy,
v = —nysiny,T =T,

As )

where, b,n and m are non-negative invariable values of
dimension (time™). The fluid having unvarying
temperature T,, very far from the surface and y is
impinging angle from the x -axis, at which Casson
fluid striking the stretching sheet (striking angle
parameter). After removing (P) from equations (2) and
(3), we obtained

dudu d9’u  dvou 9’u  duadv LRy
ayox T Vaxay "oyay ' 'oy? oxox “ox?
dvav
_&c’)_y
=v(1+l)v 62V<63u +63_u_ﬁ1_ 63V>
B/ dxady\dyox? dy3 0x3 0xdy?
o 6
o 3y (6)

Introducing & = \/%x, n= \/%y (stream function) as

. . . a
dimensionless variables such that u= % andv =
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—Z—Lg. The Boundary condition in term of stream
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function Y(§,n) is given by,

()

1
Y = A&nsiny + 3 Rn?cosy asn — OOJ

where A = % is outer velocity parameter and R = % is
some positive constant.

We need solution of equation (6) from relation ¢ =
& (M) + go(m), where go(n) and f,(n) are referred as

tangential and normal part of the flow. Also, v(§n) =
—fo(m) and u(§,n) =& () +go () .

Equation (1) is contented by given v and u and
equation (6) transformed to,

fo (MIEL (M) + g0 (n)% + [€6y () + 8o (MIfe () — fo (MIEE () + 8o (D] — fo(IER () + 80" ()]
= (1+5) 0" @+ 0" (01— MIER" () + 80" () (®)

2
Here M = Gc—i" is the Chandershekhar number (magnetic

parameter). Also, comparing the coefficient of € and £°,
we get

1 1 , " i
<1+E>f0 ) +fo (e () + fo (o ()

—2fy (Mfy () — Mfy ()
=0 9

1 . / " i
(1+5)80" @0+ £ (go” () + fo (o (1)

B S o
—fo M)go () — 8o (fp ()
- Mgy () =0 (10)

f,(0) =0, f, (0) =1, f, (%) = Asiny
80(0) =0, go (0) =0, go()= Rcosy

After integrating, equation (9) and (10) become

1\ w " ' '
(145)6" o+ " m - & M) - &'

+C=0 (11)
1 " " ,

(1+ E) 20" () + fo(mgo” () — fo' ()go ()

— Mgy () +D

=0 (12)

Where, Cand D are constant of
determined by boundary condition,

integration and

(13)

Incorporating value of € and D in equations (11) and (12) respectively, we get

1 " " , ’
(1 +E)f0 () + fofe” ) = (') = MIfy' () = Asiny] + (isiny)? = 0

1 nr ” ! I I
(1 + E) go (M +fo(mge M) —fo (Mgo (M) — M(go(M) — Rncosy) — aRcosy = 0

Further, we find that the linearity of equation (15) can

take the solution of the form
go' (M) = kcosyhy(n) (16)

where, hy (1) is define from the equation

1 ” ’
(1 + E) hy” () + fo (Mhy' (M) — fo (Mho ()

= M(hg(m) — M) —«
=0

ho(0) = 0,hg(0) = 1

(17)
(18)

(14)

(15)

By considering the normal component of the flow field,
the dimensionless temperature

0(Mm) = (T — Ty)/(T, — T ). Substituting 8(n) in
equation (4), we get,

0" () + Pro’ (fp(n) + Pro(m) =0 (19)

where, Pr (=uCp/K) is Prandtl number.
Corresponding boundary conditions to (5) reduces to,

8(0) = 1,0(c0) = 0 (20)

I11. RESULTS AND DISCUSSION
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Runge-Kutta Fehlberg has been used to solve
numerically the equations (14), (17) and (19) with their
corresponding boundary conditions through shooting
technique. Table 1 demonstrates the numerical
algorithm applied for the current problem is in
favorable justification with published work and thus
validating the model and numerical algorithm. Velocity
and dimensionless temperature of the model have been
acquired for distinct entries of outer velocity parameter
A, Casson fluid parameter B, striking angle parameter
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y, magnetic parameter (Chandershekhar number) M. In
order to get insights of the fluid behavior, the graphs
have been inserted to evaluate the influence of
numerous fluid parameters on heat and flow
transportation. The value of horizontal axis —mn is
chosen so that velocity profiles and temperature
profiles asymptotic tends to the boundary condition.
All the simulations are carried with 7., = 10.
However, to depict the characterization of curve
effectively, much lower values of ) are used.

Table 1: £, (0) for distinct entries of A at large 2, a comparison.

Valueof 4 | Value of f, (0)
Present paper Singh etal (P.| Lok etal. (Lok,
Singh et al, | Amin, & Pop,
2010) 2006)
0.1 —0.969386 —-0.976371 —0.969388
0.2 —0.918107 —0.921594 —0.918110
0.5 —0.667263 —0.667686 —0.667271
2 2.017502 2.0174763 2.017615

The impact of 8 on profiles of velocity for outer
velocity parameterd = 0.5and 1 = 1.5 as displayed
by the Figures 2 and 3 respectively. Physically, 1 < 1
explained by the case when stretching sheet velocity
exceeds the outer velocity. Figure 2 show that a
reduction in fluid velocity has been observed with the
rise in g for A = 0.5. This behavior is explained by
the fact that, increasing the non-Newtonian Casson
fluid parameter 8 yields increment in the fluid stress
causing a resistance force which declines the fluid

Figure 2: f, (1) for distinct 8, when M =
05R = 1,Pr = 071,y = g,zz 0.5

velocity. For large value of B, decrease in boundary
layer thickness is noticed for A = 0.5 (Figure 2). In
Figure 3, velocity profile curves increases along with
the increase in g for A > 1. An inverted boundary
layer is formed in velocity profile in Figure 3 for
A > 1. An opposite trends of velocity profile has been
observed for A = 1.5 in Figure 3 in comparison with
A = 0.5 (shown by Figure 2).

13

125

o 2 a 6 g 10
n

Figure 3: f, (n)for distinct 8, when M =

05R = 1,Pr = 071,y = g,zz 1.5
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Figure 4: 6(n) for distinct 8, when M = 0.5,R =
1,Pr = 071,y = %,Az 0.5

Figure 6: f, (1) for distinct M, when 8 = 0.5,R =
1,Pr = 071,y = %,/1= 0.5

Figure 4-5 shows the profiles of temperature curves
when Casson fluid parameter £ =0.1,05&1 in
presence of 1 <landA > 1 respectively. For a
fixed g in Figure 4, firstly the temperature curve
increases and it shows a decline in curve after some
distancen. This change in the behavior of temperature
curve is due to the presence of B. Also, Figure 4
reveals that increase in temperature has been observed
with the increase in f for 4 < 1. As explained in
above paragraph that as Casson fluid parameter
increases, fluid velocity decrease which results in low
heat transfer rate and hence temperature increase for
A = 0.5. opposite trend in velocity profiles forA <
1 is the reason for decrease in temperature profiles in
the case for A > 1 (shown in Figure 5). However, the
thermal boundary thickness is thinner for 4 > 1 as
compared to that of 1 < 1.

Graphs of Velocity for distinct entries of M for
A = 0.5 and A = 1.5 are depicted by the Figures 6
and 7 respectively. Figure 6 shows that a reduction in
velocity is noticed with increasing M. Physically this
behavior has been explained as, the magnetic field can
induce current on conducting fluid and the trans- verse
magnetic field behaves like a Lorentz force, which
produce retardation on fluid boundary layer and the
fluid velocity slow down due to the retardation.
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Figure 5: 8(n) for distinct B, when M = 0.5,R =
1,Pr = 071,y = g,zz 1.5
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Figure 7: f, (1) for distinct M, when 8 = 0.5,R =
1L,Pr = 071,y = %,A: 1.5

Consequently, momentum thickness reduces. Hence,
fluid magnetism is used to control the desired
formation of final object. Figure 7 demonstrates that as
M increases, velocity increases for A = 1.5.

Figures 8 and 9 display the profiles of temperature with
variation in the entries of Chandershekhar number M
for A = 0.5 and 2 = 1.5 respectively. Figure 8
show that temperature increases as M increases
forA = 0.5. For A = 1.5 in Figure 9, a decline in
temperature profile is noticed for rise in M. Other than
this, in Figure 9 (for A = 1.5) the dispersion in the
temperature profile curve for distinct magnitude of M is
less as compared to Figure 8 (forA = 0.5). The
separation in temperature profile curves less because of
the presence of greater outer velocity parameter A.
Hence, outer velocity parameter A reduces the impact
of M. Thus, to control the magnetic field in the flow,
we use higher value of outer velocity parameter A.
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Figure 8: 8(n) for distinct M, when 8 = 0.5,R = 0
1,Pr = 071,y = g,,lz 0.5
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Figure 9: 8(n) for distinct M, when § = 0.5,R =
1,Pr = 071,y = g,,1= 1.5
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The influence of striking angle parameter y on
dimensionless velocity fy(n) for 1 = 0.5 and
A = 1.5 are displayed by Figures 10 and 11
respectively. Here, velocity profile increases with
increasing the striking angle parameter y. On the other
hand, in Figure 11 for A > 1, it has been observed that
as we increase the striking angle parameter y, the
velocity profile is inverted.

Figures 12 and 13 show the influence of striking angle
parameter y on temperature profile for two situations of
A. In both situations, dimensionless temperature profile
reduced for large value of striking angle parameter y.
Also, it has been noticed that in existence of greater
outer velocity parameter A (Figure 13), the effect of
striking angle parameter y is less with comparison of
less outer velocity parameter A (Figure 12). This effect
of outer velocity parameter A is observed by the
separation of temperature profile curves in Figures 12
and 13.

n
Figure 10: f, (1) for distinct y, when M =
0.1, =05R=1,Pr=0.71,1= 05

m
Figure 12: 6(n) for distinct y, when M =
0.1, =05R=1Pr=071,1= 05

IV. CONCLUSION

The effectiveness of magnetic field and outer velocity
over a stretching sheet on temperature and velocity
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Figure 11: f, () for distinct y, when M =
0.1, =05R=1,Pr=071,1= 15
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Figure 13: 6(n) for distinct y, when M =

0.1,8=05R=1Pr=071,1= 15

profiles in Casson fluid has been studied. Numerical
solutions are different fluid parameters have been
shown in terms of temperature and velocity profiles.
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Major recommendations of the outcomes are compiled
as below:
1. Fori<1:
(a) Velocity decreases with an increase in 8 and M,
(b) Velocity increases with an increase in y,
(c) Temperature increases as we increase in 8 and M,
(d) Reduced in temperature is noticed as y increases.
2. For 1> 1:
(a) Velocity rises with an rise in 8, y and M
(b) Temperature reduce for increase in 8, y and M,
(c) An inverted boundary layer is formed in velocity
profile
3. The combined study indicates that in the
presence of larger outer velocity parameter, the
effect of other fluid parameters less affected
the fluid velocity and temperature.
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