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In this study, an investigation of the steady 2-D magnetohydrodynamiic (MHD) flow
of stagnation point past a nonlinear sheet of stretching/shrinking within of a non-
uniform transverse magnetic intensity in nanofluids had been analysed. Considered
material of nanoparticles such as copper (Cu) in water base fluid with Pr = 6.2 to
analyze the influence of volume fraction parameter of nanoparticles and the
stretching/shrinking sheet parameter. The governing nonlinear partial differential
equations (PDEs) are converted in to the nonlinear ordinary differential equations
(ODEs) and use the boundary value problem solver bvp4cin Matlab program to solve
numerically through the use of a similarity transformation. The impact of the
parameter of the magnetic field on the coefficient of skin friction, the local number
of Nusselt and the profiles of velocity and temperature are portrayed and explained
physically. The analysis reveals that the magnetic field and volume fraction of
nanoparticles affect the velocity and temperature. The dual solutions are achieved
where for the shrinking sheet case and the solutions are non-unique, different from
a stretching sheet.

Copyright © 2020 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

In the problem of boundary layer, the stagnation point flow phenomenon was picked up by
several researchers due to several of uses in the manufacturing sector for system cooling purposes.
Stagnation point flow is the continuous motion near a solid surface's stagnation district that exists in
a fluid in both instances of a static or in motion body. Hiemenz [1] became the first scientist to test
the steady of 2-D flow of stagnation point to a static semi-infinite surface and obtained an accurate
the Navier-Stokes equation solution. Previously, several scientists had selected curiosity in the inquiry
into the flow of boundary layer and heat transfer of the sheet of stretching. Crane [2] also researched
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the first problem of the flow of boundary layer through a linear sheet of stretching. Chiam [3], who
is researching the flow of stagnation point past a sheet of stretching developed the works of Hiemenz
[1] and Crane [2]. Thus Miklav¢ic¢ and Wang [4] investigated the flow equation of similarity solution
past a surface of shrinking and noticed that it relies on the outer mass suction.The heat transfer in
the flow of stagnation point past a sheet of stretching over a viscoelastic fluid, respectively, was
explored by Mahapatra and Gupta [5, 6]. Next, for both 2-D and axisymmetric situations, the flow of
stagnation point past a shrinking surface was explored by Wang [7]. For particular values of the
shrinking and stretching rate ratio, the dual and unique solutions are identified.

There are many researchers who have been researching exponential and linear
stretching/shrinking surfaces. Magyari and Keller [8] were the earliest to acknowledge the
continuous boundary layers and heat transfer through a constant of an exponential stretching
surface. Then, the study continued by Rohni et al., [9] who work into the exponential shrinking of
vertical sheet with suction and the buoyancy force. Numerical findings showed that the existence of
buoyancy force would make a contribution to the presence of triple solutions for a specific value of
relevant parameters, while the problem has only dual solutions in the absence of the buoyancy force.
Mansur et al., [10] have been using the Buongiorno model to explore the flow of stagnation point to
a permeable sheet of stretching/shrinking with the effect of suction in nanofluid. They observed that
when the sheet is extended, the skin friction reduces, but rises as the suction impact increases. The
MHD flow of boundary layer past the flow of stagnation point of a linear surface of stretching was
explored by Jat and Chaudhary [11, 12]. Within of the magnetic field, the continuous flow of
stagnation point of two-dimensional in a viscous fluid is observed by Aman et al., [13] through a linear
sheet of stretching/shrinking. The results show that there are dual solutions for the sheet of
shrinking, while the solution for the sheet of stretching is unique.

However, the earliest researcher to analyse the flow in viscous fluid past a nonlinear sheet of
stretching is Vajravelu [14]. They found that the heat flow is consistently come from the sheet of
stretching to the fluid. Bachok and Ishak [15] had been investigated the similarity solutions past a
nonlinearly sheet of stretching/shrinking for the stagnation point flow. This problem is solved by
using shooting method and found that the solutions are non-unique for m>1/3 for a case of sheet of
shrinking, and unique for a case of sheet of stretching. In addition, the rate of heat transfer for
stretching sheet is larger than shrinking sheet for the stable solution. Jat and Neemawat [16] also
study the same problem but with the effect of MHD. A similar study for a nonlinear sheet of stretching
had been analysed by Rana and Bhargava [17]. Matin et al., [18] had been study the flow of mixed
convective in nanofluid past a sheet of stretching with the effect of MHD.

The objective of the research is to analysed the impact of magnetohydrodynamic (MHD) in a
nanofluid on the flow of stagnation point past a nonlinear sheet of stretching/shrinking which
consider the Tiwari and Das [19] model. Consideration is given to the influence of parameter of
magnetic field and volume fraction of nanoparticles on the skin friction and temperature. A bvp4c
solver in Matlab program is used numerically to solve the governing equations.

2. Methodology

Consider a flow of stagnation point of steady, incompressible, laminar, 2-D MHD past a nonlinear
sheet of stretching/shrinking in a water-based nanofluid involving Cu as a type of nanoparticles. A
non-uniform transverse magnetic intensity B = Box(”‘l)/2 is applied perpendicular to the sheet,
where B, is an uniform magnetic intensity. The generated magnetic field is ignored because of the
movement of an electrically conducting field. It is concluded that the sheet's velocity is U,, (x) = ax™
and the velocity outside the boundary layer is Us(x) = bx™ where a is the stretching/shrinking rate,
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b > 0 is a constant denotes the strength of the flow of stagnation and n is the stretching index. The
simplified 2-D MHD equations of governing are

u v

wta=0 (1)
ou 0wy dUs 0 oBf

WL =g o°r (3)
ox ay gy

corresponding to boundary conditions
u=U,x),v=0T=T,(x) at y=0,
u - Us(x), T > T, asy > o, (4)

which are uis the x — axes and v is y — axes along the velocity components and ¢ is the fluid's
electrical conductivity. T is the nanofluid's temperature, T,, is the variable sheet temperature and T,
is the free flow temperature assuming it is fixed, which are defined as follows (Oztop and Abu Nada
[20])

_ _knr —(1_ _
f — (pcp)nf ’ pnf (1 (P)pf + PPs .unf (1-¢)25’ (5)

B kng _ (ks+2kf)—2@(ks—ks)
(PCns = 1 — @) (pC,) p TO0Cp)ss 50 = ek vt iy (6)

Here, ¢ is the nanofluid's nanoparticle volume fraction parameter, p, ¢ is the nanofluid's density, a, ¢
is the nanofluid's thermal diffusivity, kyf is the fluid fraction's thermal conductivity, kg is the
nanoparticle volume fraction's thermal conductivity, py is the solid fraction's reference density, ;¢
is the fluid fraction's viscosity and (pCp)nf is the nanofluids’ heat capacitance, where C, at constant
pressure is the specific heat. Brinkman [21] computed the nanofluid's viscosity of u,r as the base
fluid viscosity of p involving diluted suspension of good spherical particles.

The similarity transformation is used in order to gain a similar solution for the equation of
momentum and energy Eq. (1) - (3)

b n-1 2 n+1 o
n=y [EDAT, p = PR ), 00 = 1 (7)

which are 7 is the variable of similarity and 1 is the function of stream described as u = % andv =

- Z—f, which equivalently fulfilled with continuity equation, Eq. (1).

The converted ODEs are

- f
(1-9)%5(1-@+@ps/pf)

"'+ff”+ —(1- f’2)+ S {A=f)=0, (8)
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l knf/kf
Pr1-p+9(pCp),/(pCp) |

0" + f0' =0, (9)

corresponding to the boundary conditions (4)
f(0) =0, fl(0)=¢ 0(0)=1,
ffm -1, 6m -0 a n-o (10)

From the equations, the primes indicate differentiation in respect of 17, where Pr =vf/af is the
number of Prandtl, M = aBg/bpf(xl_n) is the magnetic parameter and ¢ =a/b is the
stretching/shrinking parameter which are € > 0 is for stretching sheet case and € < 0 is for shrinking
sheet case.

The coefficient of skin friction Crand the local Nusselt number Nu, in the physical quantities of
interest are

_ Tw _ Xqw

which are the surface shear stress t,, and the suface heat flux q,, are defined as
ou aT
Tw = Ung (5))/:0, qQw = —kny (—) (12)

Applying the similarity variables (7), we obtained

1 1.y
CrRey” = s =50, (13)
Nu,/Rel/? = —"k—’;f /"7“9'(0). (14)

where Re, = Ugx /vy.
3. Results

The ODEs equations Eq. (8) - (10) are nonlinear and coupled, and therefore their accurate
analytical solutions are impossible. These can be solved numerically using Matlab's bvp4c solver
because of its usefulness in finding a solution for boundary value problems that are far more
complicated than initial value problems of various parameter values such as M, ¢ and €. By choosing
various initial guesses for the lost values for f" (0) and 8'(0) the dual solutions were obtained. The
guess must meet the boundary conditions (10) asymptotically, while maintaining the solution's
behavior. For copper (Cu) as the working fluids, an analysis of the influence of ¢, Prand M and water
as the fluid base that works are consider. The Pr is considered Pr = 6.2 and ¢is assumed from 0 to 0.2
(0< ¢ <£0.2), where ¢ =0 refers to the regular fluid. Table 1 lists the thermophysical
characteristics of the base fluid and nanoparticles. Table 2 and Table 3 show a comparison of the

numerical values of Re;/sz and Re;l/zNux for Cu-water between the past work in Rahman et al.,
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[22] and the current work showing a favorable agreement. With various values of &, M and ¢,
numerical computations were conducted.

Table 1
Properties of thermophysical of base flid and nanoparticles [20]

Properties of physical Fluid phase (water) Cu
C, (J/kgK) 4179 385
p(kg/m?) 997.1 8933
k(W/mK) 0.613 400
Table 2
Values of CfRe;/2 for several values of M, ¢, and ¢
M € 10 Rahman et al., [22] Current results
Cu-water
-0.5 0 2.1182 2.1182
0.1 3.2382 3.2382
0.2 4.5071 4.5071
0 0 1.6872 1.6872
0 0.1 2.5793 2.5793
0.2 3.5901 3.5901
0.5 0 0.9604 0.9845
0.1 1.4682 1.5051
0.2 2.0436 2.0950
-0.5 0 2.1078 2.1708
0.1 3.3186 3.3186
0.2 4.6191 4.6191
0 0 1.7165 1.7165
0.1 0.1 2.6241 2.6241
0.2 3.6524 3.6524
0.5 0 0.9733 0.9971
0.1 1.4879 1.5243
0.2 2.0710 2.1216
-0.5 0 2.2222 2.2222
0.1 3.3971 3.3971
0.2 47284 4.7284
0 0 1.7453 1.7453
0.2 0.1 2.6681 2.6681
0.2 3.7137 3.7137
0.5 0 0.9860 1.0094
0.1 1.5073 1.5432
0.2 2.0980 2.1478
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Table 3
Values of NuxRe,Zl/2 for several values of M, €, and ¢
M € Q@ Rahman et al., [22] Currents results
Cu-water
-0.5 0 0.6870 0.6870
0.1 1.1432 1.1432
0.2 1.5185 1.5185
0 0 1.7148 1.7148
0 0.1 2.1358 2.1358
0.2 2.5400 2.5400
0.5 0 1.4874 3.0095
0.1 2.9149 3.5235
0.2 3.3565 4.0560
-0.5 0 0.7079 0.7079
0.1 1.1649 1.1649
0.2 1.5419 1.5419
0 0 1.7220 1.7220
0.1 0.1 2.1442 2.1442
0.2 2.5494 2.5494
0.5 0 2.4897 3.0119
0.1 2.9177 3.5266
0.2 3.3597 4.0596
-0.5 0 0.7279 0.7279
0.1 1.1857 1.1857
0.2 1.5642 1.5642
0 0 1.7291 1.7291
0.2 0.1 2.1524 2.1524
0.2 2.5586 2.5586
0.5 0 2.4919 3.0143
0.1 2.9205 3.5296
0.2 3.3629 4.0632

Figure 1 - 6 shown the variation of f'' (0) and 8'(0) for certain magnetic field parameter value
M, volume fraction of nanoparticles ¢ and the stretching index n towards ¢ for Cu in water base
fluid. These figures observed that the solution is unique at the region € > 1, dual at the region ¢, <
€ < —1 andattheregion ¢ < &, < 0 there are no solutions, which is & is the critical value of €. We
can show from Figure 1 and 2, that the M increase will increase the ¢, range. Thus, for M = 0, the
range of € for which there is a similarity solution is smaller, i.e. —1.349802 < & < o, while for M =
0.1and M = 0.2, therangeare —1.397694 < ¢ < o and —1.445707 < & < oo, respectively. From
these figures, we also can conclude that the rate of boundary layer and the rate of heat transfer
increase because of an increment of the values of M.

Then, Figure 7 and 8 depict the variations of CfRe;/2 and Nu,CRe,:l/2 for several values of M for
Cu in water base fluid with € = 1.5 and n = 2. These figures stated that as the M is increasing, the
value of CfRe,%/2 and NuxRe,:l/2 is decreasing. In contrast, the profiles of velocity and temperature

of various M and n are shown visually in Figure 9 - 12. These profiles prove the existing of the dual
solution in the Figure 1 - 6 that satisfy the far zone boundary conditions (10) asymptotically.
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4. Conclusions
We have numerically analyzed in a nanofluid how the parameter M impacts the flow of stagnation
point past a nonlinear sheet of stretching/shrinking. The analysis of the influence of the ¢ and the

heat transfer features of Cu-water was numerically resolved with Pr = 6.2. In this study, it reveals that
with the increase of the MHD, the solutions range is widespread. And with the increase in
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magnetohydrodynamics, the range of solutions is expanded widely. As the factor of M increases, the
skin friction and heat transfer also do increase.
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