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Induced magnetic field stagnation point flow of nanofluid past
convectively heated stretching sheet with Buoyancy effects
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This paper presents the buoyancy effects on the magneto-hydrodynamics stagnation point flow of an incompressible,
viscous, and electrically conducting nanofluid over a vertically stretching sheet. The impacts of an induced magnetic
field and viscous dissipation are taken into account. Both assisting and opposing flows are considered. The overseeing
nonlinear partial differential equations with the associated boundary conditions are reduced to an arrangement of coupled
nonlinear ordinary differential equations utilizing similarity transformations and are then illuminated analytically by using
the optimal homotopy investigation strategy (OHAM). Graphs are introduced and examined for different parameters of
the velocity, temperature, and concentration profile. Additionally, numerical estimations of the skin friction, local Nusselt
number, and local Sherwood number are explored using numerical values.
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1. Introduction

A mixed convection flow is the process of heat transfer
occurring as a result of the combined impacts of free convec-
tion (caused by the temperature contrast of a fluid indifferent
areas) and forced convection (because of some external ap-
plied forces) flows. As of late, the investigation of mixed con-
vection boundary layer flow past a plate has received astound-
ing consideration as it is expected to be an essential part in
various applications such as, for example, flows in the sea and
in the climate, sunlight-based beneficiaries exposed to wind
ebbs and flows, atomic reactors cooled in the midst of crisis
shutdown, electronic gadgets cooled by fans, heat exchangers
put in the short-speed atmosphere. For vertical or slanted sur-
faces, a solid impact can be applied by the buoyancy force.

Liquid cooling/warming is vital in different fields such
as, for example, force assembling and transportation. Feasi-
ble cooling/heating methodologies are required for cooling of
any sort of heat generating gadget. There are a few sched-
ules that improve the heat transfer adequately. Some of these
frameworks utilize augmented surfaces, such as the use of vi-
bration and usage of small-scale channels to the warmth trade
surfaces. By enhancing the thermal conductivity!!! of a base
fluid, the capability of heat exchange can furthermore be up-
graded. Subsequently, the idea of introducing particles into a
normal fluid to give a superior heat transfer medium that ap-
pears as a fluid with the thermal conductivity of a metal was
developed. Between each measurement of included particles
(for example, full-scale, small-scale, and nanoscale), the nano-
sized particles have provoked additional consideration among
scientists, with reference to the practicality of maintaining a
consistent blend. Thermal conductivity enhancement is a spe-
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cial feature of nanofluids. They are imagined to delineate flu-
ids in which nanoscaled particles are perched into the base
fluids. Nanofluids are important in different modern appli-
cations including transportation, synthetic, and metallurgical
parts, small-scale fabrication, power generation, and miniatur-
ized scale fabrication. Nanofluids are used for cooling of mi-
crochips in computer and other electronic equipment that use
microfluidic applications. Nanofluids, owing to their splendid
joined wetting and diffusing character, are likewise vital to the
generation of nanostructured material and building of complex
fluids, etc. The cram of nanofluid boundary layer flow over a
linearly stretched surface has received much attention in the
field of several technical, industrial, and manufacturing appli-
cations (see, for instance, Refs. [2]-[4]). Cranel] theoretically
studied the boundary layer flow over a stretching surface. Sub-
sequently, a number of characteristics of a flow with or without
heat transfer stretching surface problems have been explored
in many investigations (see, for instance, Refs. [6]-[9]).
Investigations of magneto-hydrodynamics (MHD) have
critical applications in material science, designing, and man-
ufacturing. Numerous metallurgical procedures include the
drawing so as to cool of ceaseless strips or fibers through
a motionless liquid and that during the procedure of depic-
tion, these strips are occasionally stretched. Examples include
drawing, strengthening, and furthermore, diminishing of cop-
per wires. In all these cases, the properties of the final product
depend, as it were, on the rate of cooling by sketching such
strips in an electrically conducting fluid along with the mag-
netic field and the desired quality of the final product. Ma-
hapatra and Gupta'%! numerically examined the heat transfer
stagnation point flow over a stretching sheet with a magnetic
field. Makinde!'!! reported the similarity solution by stagna-
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tion point MHD mixed convection flow toward a vertical plate
fixed in a highly porous standard with internal heat genera-
tion and radiation. Nanofluids attract much interest in light
of their gigantic potential to give improved execution proper-
ties, especially concerning heat exchange. Since the pioneer-
ing work of Choi,[!?! studies related to the nanofluid dynamics
have increased greatly in recent times because of its exten-
sive applications in industrial and manufacturing systems.!3]
A complete audit of the research on nanofluids is given by
Refs. [14]-[16]. The stagnation point flow of a nanofluid to-
wards a stretching sheet was investigated by Mustafa et al.!'7]
Khan and Pop!'®! analyzed nanofluid boundary layer flow past
a stretching sheet. Later on, Khan and Aziz!'"! utilized the
similar replica to explore the nanofluid boundary layer flow
past a vertical surface along with a steady warmth flux. Re-
cently, Ibrahim et al.!*°! numerically investigated the hydro
magnetic stagnation point heat transfer flow of a nanofluid to-
wards a stretching sheet. Their outcomes demonstrate that the
rate of heat exchange at the sheet surface increases with the
magnetic parameter when the free stream speed surpasses the
stretching speed. The boundary layer against a vertical surface
issue was analyzed by Ishak er al.[>!>) However, in microp-
olar fluid, Lok et al.1>3! and Ishak et al.’¥! studied the stag-
nation point boundary layer flow on a vertical surface. Zhang
et al.>>2 studied the MHD radiation heat transfer flow of
nanofluids for both steady and unsteady cases over a stretch-
ing surface.

These are studies where the induced magnetic fields are
not considered.The investigation of magnetic field boundary
layer flow with the induced magnetic field has been considered
by certain researchers. For example, Raptis and Perdikis, *]
Kumari ef al.,'1 and Takhar et al.B3? studied a free convec-
tion flow. Ali et al.!33! considered MHD mixed convection
boundary layer flow with induced magnetic field. Ali et al.!3¥]
studied the thermal reversal stagnation point flow with induced
magnetic field. Regardless of several works that have been re-
ported on flow and heat transfer of nanofluids, there seem to
be no attempts in literature to consider the combined effects
of buoyancy force and convective heating on MHD stagnation
point flow and heat transfer of nanofluid towards a stretching
surface with induced magnetic field.

Inspired by the above analysis, our objective is to ana-
lyze the combined effects of buoyancy force convective heat-
ing, Brownian, and thermophoresis motion on MHD stagna-
tion point flow and heat transfer of electrically conducting
nanofluid towards a stretching sheet under the influence of in-
duced magnetic field. The obtained nonlinear partial differ-
ential equations are solved analytically by using the optimal
homotopy analysis method (OHAM).3>49 After employing
OHAM, the obtained nonlinear equations are solved analyti-
cally. The results are discussed by considering graphical and

tabulated forms.

2. Mathematical formulation

Let us suppose the steady two-dimensional stagna-
tion point flow of an incompressible electrically conducting
nanofluid over a stretching sheet at y = 0. The flow occupies
the domain y > 0. The sheet is stretched along the x axis with
a velocity ax, where a > 0 is the stretching parameter. The
fluid velocity and nanoparticles concentration near the surface
are assumed to be Uy, and Cy,, respectively. The ambient fluid
temperature and concentration are taken as 7., and C., while
the temperature of the surface is maintained by convective heat
transfer at a certain value 7;. The impact of the induced mag-
netic field is additionally considered as shown in Fig. 1. The
general transport equations for the nanofluid along with the

induced magnetic field can be written as

V-V=0, ()
V-H=0, 2)
Mg

(V-V) —m(H-V)H

1 1

E pf[( )PteoPog ( )

— (Pp = P=)8(C — Cs)], &)

Vx(VxH)+uV*H =0, 4
dT

Pfcfy

= V-kVT +u(VV)?

VT -VT
+ PpCp <DBV¢ -VT+ Dr >, 5)
T
V.vCc=V- <DBVC+DTZ>, (6)

where V' (u(x, y), v(x,y),0) and H(H,(x,y), Hx(x,y), 0) are
the velocity and induced magnetic field vectors respectively,
pr is the nanofluid density, S is the Cauchy stress tensor, pgcy
and p,cp are nanofluid and nanoparticle heat capacities, re-
spectively, T is temperature, k is the nanofluid thermal con-
ductivity, Dp is the Brownian diffusion coefficient, C is the
nanoparticle volumetric fraction, Dr is the thermophoretic dif-
fusion coefficient, g is the gravity acceleration, u, v, o, and
o = 1 /470 represent the magnetic permeability, kinematic
viscosity, electrical conductivity, and magnetic diffusivity, re-
spectively. In addition, the MHD pressure is given by

P=p+——, @)

where p is the pressure of the fluid.

114701-2



Chin. Phys. B  Vol. 25, No. 11 (2016) 114701

free stream velocity

u=U.(z)=cx

streatching velocity

Fig. 1. Schematic plot of the problem.

Under the Boussinesq and boundary layer approximation,
basic equations can be written as

du Jdv

e + oy 0, (8)
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where oy is the thermal diffusivity of the nanofluid and 7 =
Ppcp/prcr is the ratio of heat capacity of the nanoparticle to
the base fluid. The corresponding boundary conditions are

JH aT
u=Uy =ax, v=0, a—y‘:szo, fka—y:hf(TffT),
C=Cyaty=0, u=U.=cx,H = H. = Hyx,
T=T.,C=Csasy—oo. (14)

Here, Hy is an estimation of the uniform magnetic field at the
upstream infinity and ¢ and a are the positive constants deter-
mining the strength of the stagnation point and stretching rate

of the sheet, respectively. Introducing the following transfor-

mations:
_ Ja _ , _ - T-T.
n\[y, u=axf (n), v=—vavf(n), 9——Tf_TW7
C—Cs \%
0= CoC Hy =Hoxg' (1), Hy = —HO\/;gm)- s)

With the help of the above transformations, equations (8) and
(9) are identically satisfied and equations (10)—(13) along with
boundary conditions (14) are given by

f///+ff//_f’z_’_)LZ_’_B(g’z_gg//_1)

+ 0(6 —Nr¢) =0, (16)
eg" + f¢" —gf" =0, (17
0" +Pr(f6' +Nyd'0' +NO2+Ecf?)=0,  (18)
0"+ %9"+(PrLe)f¢’ =0, (19)
f=0,f=1=0,¢"=0, 6 =—Nc[l —6],
¢o=1latn=0,

ff=2,8=1,0=0,¢0=0asn — o, (20)

where f, g, 0, and ¢ are functions of 1 and the prime repre-
sent derivative with respect to 7, € is the inverse of magnetic
Prandtl number, B is the magnetic parameter, and A, Nr, Q,
N, Pr, Ec, My, N, and Le are the stretching parameter, buoy-
ancy ratio, gravity-dependent parameter, convective parame-
ter, Prandtl number, Ecket number, nanofluid parameters, and
Lewis number, respectively. Additionally, By is the volumetric
thermal expansion coefficient which is defined as

l:£7 Nr — (Pp — Pe) (Cw — Cos) )
a pPo(1 —C)(Tr —To)
1 -Co) (T — T
Q::I:r:( C. )(2f )ﬁog7
ax
2
ay us [ Ho v v hf
8 U 9 ﬁ sz ( a ) ) r a’ C k,
ax’pog DR (Cy, — Cs)
Ec= =
c k(Tf—Tm)’Nb > ;
MR LU SIS
VT, Dg

Here, N, = 0 compares to the situation when there is no ther-
mal transport produced by nanoparticle concentration gradi-
ents. When Nc = oo, the convective boundary condition de-
creases to a uniform surface temperature boundary condition.
The physical factors of interest are the local skin friction coef-
ficient c¢, local Nusselt number Nu, and local Sherwood num-
ber Sh, which are defined as

c = Nu = —* 8—T

f pU\%v Tf_Too ay y:07

Sh = iaﬁ , 1)
Cy—C. dy =0
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or by introducing the transformations (15), we have

iy Nw gy S
VRece = [f ]Mm— 6<0>7\@ ¢'(0). (22)

Here, Re = ax?/V is a local Reynolds number. The physical
parameters will be discussed later in the outcomes segment.

(i) OHAM does not necessitate any large/small parameter
in the problem.

(ii) The convergence region can be controlled easily.

(iii) The rate of approximations series is modifiable.

(iv) It delivers freedom to choose altered sets of base
functions. The initial guesses and operators are taken as

, , fo(m) = A0+ (1= 2)(1 —exp(~1),
3. Solution technique o) =1,
Nonlinearity plays a vital role in physical phenomena. B(n) = < Nc ) p(=1),
Liao!?®! proposed a method to solve nonlinear problems that is 1+Nc
known as the optimal homotopy analysis method (OHAM). To ¢o(n) =exp(—n), (23)
be more explicit, the governing equations are nonlinear even
in viscous fluids. The most general method that is extensively ar df
used by scholars is the perturbation method. In the problem Le(f) dn?  dn’
statement, this method requires large/small parameters. Lately d3g  dg
some other methods such as homotopy analysis, Adomian, ho- Ly(g) = dn3  dn’
motopy perturbation, etc., have become more attractive by the d2e de
researchers in various fields. The optimal homotopy analysis Lo(0) = dinz ﬁ’
method (OHAM) is preferred among all these because of the d2¢  do
following reasons: Ly(9) = r,.’z + E (24)

Table 1. Convergence of parametric values for average residual (€,) are shown below by optimal analysis method (OHAM).

he hg he ho gl
2 —1.12971 —1.48394 —0.91200 —1.04128 0.00327789
4 —1.568361 —1.32509 —1.1456 —1.24352 0.000831667
6 —1.57064 —1.30341 —1.16717 —1.36853 0.000262031
8 —1.57809 —1.31557 —1.1836 —1.43935 9.32448 x 107>
Table 2. Individual residual square errors for Srﬁl, €5, 6,?1, and 8,?1.
hy = —1.57809 hg = —1.31557 hg = —1.1836 hy = —1.43935
ef ek el £
4 4.17243 x 1076 9.07369 x 10° 0.000145677 0.0020084 1
8 8.4256 x 108 1.69239 x 10° 0.0000137039 0.0000777642
12 7.67956 x 1078 3.73585 x 1077 5.6952 x 107° 0.0000191108
18 2.60796 x 1078 7.12435 < 1078 1.75073 x 1076 7.97497 x 1076
10° ine the attributes of stagnation-point flow of a viscous incom-
Lot pressible nanofluid over a stretching sheet in the region of an
induced magnetic field with convective boundary conditions.
For this reason, the computations have been performed by us-
ing optimal homotopy analysis method for various estimations
of the parameters. In addition, the accuracy of the present re-
sults is affirmed by comparing them and the already recorded
results. Presently, we give the graphical elucidation of our out-
20

Fig. 2. Graphical representation for 8th order approximation.

4. Graphical results and discussion

In this section, the primary focus of this article is to exam-

comes. Figures 3 and 4 show the effects of the buoyancy-ratio
Nr on the velocity profile. It can be clearly seen that the veloc-
ity profile f increases as the buoyancy ratio Nr increases for
the case of opposing flow while the opposite behavior is ob-
served for assisting flow. This is because for opposing flow Nr

acts as a supportive driving force that accelerates the motion of
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the fluid. This is why the velocity profile increases in Fig. 3.
From Fig. 5, the magnetic parameter 3 shows the effects on
the g’ profile. It is seen that the velocity g’ profile increases
when the magnetic parameter  increases. Figures 6 and 7
show the effects of the magnetic parameter § on velocity g’
profile. It is seen that the g’ profile decreases by increasing the
magnetic parameter 3 (when A > 1). Physically, when A < 1,
the stretching velocity ax of the surface exceeds the velocity
cx of the free stream while the opposite behavior is observed
when A > 1, i.e., the boundary layer thickness decreases as A
increases for the case of A > 1. It can likewise be clarified with
respect to the fixed estimation of a, the increment in ¢ in cor-
relation to a suggests the increase in the straining movement
close to the stagnation area that can increase the acceleration
of the free stream. Therefore, by increasing A, the boundary
layer thickness decreases. Figure 8 shows the effects of the
stretching parameter A on the g’ profile. We notice that the
g profile decreases by increasing A. From Figs. 9 and 10, it
is found that in the absence and presence of the magnetic pa-
rameter 3 for both opposing and assisting flows, the thermal
boundary layer thickness decreases as A increases. Figure 11
shows the effects of the Prandtl number Pr on the tempera-
ture field. The thermal diffusivity will decrease if the Prandtl
number Pr increases. Thus, as an outcome, the energy trans-
fer capacity decreases and the thermal boundary layer also de-
creases. On the off chance that Pr increases, the thermal dif-
fusivity will diminish. This prompts the diminishing of the
energy exchange capacity, and results in the lessening thermal
boundary layer. From Figs. 12 and 13, again both § = 0 and
B = 0.2 are considered for opposing and assisting flow. It is
found that both the concentration profile and the concentra-
tion boundary layer thickness decrease as A increases. The
behavior of the Lewis number Le on the concentration profile
is presented in Fig. 14. As Le gradually increases, this corre-
sponds to a weaker molecular diffusivity and thinner concen-
tration boundary layer. To verify the legitimacy and accuracy
of the obtained numerical results, the estimations of the skin
friction coefficient f”'(0) without magnetic field are contrasted
with previously published results as shown in Table 3. They
demonstrate great understanding. The values of the skin fric-
tion coefficient f”(0) are shown in Table 4. It shows variations
of CfRel/ 2 for different A, €, Ec, Nr, and r. As shown, when
the stretching parameter A and the buoyancy ratio Nr increase,
f"(0) decreases. When the reciprocal of the magnetic Prandtl
number € and Eckert number Ec increases, f” (0) increases.
f”(0) increases by increasing positive gravity-dependent pa-
rameter while the opposite behavior is observed when r < 0.
Table 5 shows the variations of NuRe!/2 for different A, E,
Ec, Pr, and r. When the stretching parameter A and Prandtl
number Pr increase, Nu,Re ! /2 increases. When Eckert num-
ber Ec increases, NuxRe_l/ 2 decreases. That is, heat has be-

gun spilling out of the liquid to the surface. Therefore, we
draw imperative result that the viscous dissipation may bring
about an adjustment toward heat exchange. In this way, the
viscous dissipation ought to be thought about while examin-
ing the stagnation point boundary layer flows. By increasing

the reciprocal of magnetic Prandtl number &, Nu,Re1/2

re-
mains constant. Table 6 shows the variations of thRe’l/ 2 for
different A, €, Nr, Ny, and N,. Here we see that, when the
stretching parameter A, nanofluid parameter Ny, and the recip-
rocal of the magnetic Prandtl number A increases, thRe_l/ 2
also increases. By increasing buoyancy ratio Nr and nanofluid
parameter N;, ShyRe~'/2 decreases. Table 7 shows the effect
of induced magnetic field on C, Nu,, and Sh,. We observed
that by increasing the magnetic parameter f3, C¢, Nuy, and Sh,
decreases while by increasing the reciprocal of the magnetic

Prandtl number €, Cr increases but Nu,, and Sh, both decrease.

1.08

1.06

f'(n)

1.04

1.02

1.00
0

n

Fig. 3. Variation of f’(n) for different values of buoyancy-ratio Nr with
=0.15,A=1.1,Pr=1,Ny =N, =Ec=0.1,e=1.5,and Le = 1.

1.10
1.08
§ 1.06
g
1.04
1.02 — Nr=1.0
i Nr=2.0
=== Nr=3.0
1.00
0 4 6 8

n

Fig. 4. Variation of f’(n) for different values of buoyancy ratio Nr with f3
=0.15A=1.1,Pr=1,N, =N =Ec=0.1,e=1.5,and Le = 1.
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Fig. 8. Variation of g’(n) for different values of magnetic parameter 3

Fig. 5. Variation of g’(n) for different values of magnetic parameter f3 with Ne=0.5. Pr=1 M. — N. = Ni Bc=0l e=15. andLe =1
=05,Pr=1,My=N; = =r= =0.1,e=1.5, =1.

with Nc =0.5,Pr=1, Ny, =N, =Nr=r=Ec=0.1,e=1.5,and Le = 1.

1.01

1.00
0.99
£ 0.98

0.97

0.96

0.95

Fig. 9. Variation of 6(n) for different values of stretching parameter A

Fig. 6. Variation of g’(n) for different values of magnetic parameter 3 withNe=0.2,Pr=1, Ny =N, =Nr=r=Ec=0.1,e= 1.5, and Le = |

withNc=0.5,Pr=1,N, =Ny =Nr=r=Ec=0.1,e=1.5,and Le = 1.

1.00 0.25
0.99 0.20
0.15
= 0.98 =
= 5y
0.10
0.97
0.05
0.96
0
0 2 4 6 8
n n
Fig. 7. Variation of g’(n) for different values of magnetic parameter 3 Fig. 10. Variation of 6(n) for different values of stretching parameter A
withNc=0.5,Pr=1,N, =N =Nr=r=Ec=0.1,e=1.5,and Le = 1. withNc=0.2,Pr=1,M, =N =Nr=r=Ec=0.1,e=1.5,and Le = 1.
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Pr=0.7
-==Pr=14

0 2 4 6 8

Fig. 11. Variation of 6(n) for different values of Prandtl number Pr with
Nc=02,A=15,=0.75N, =N, =Nr=r=0.1,e=1,and Le = 1.

Fig. 12. Variation of ¢(n) for different values of stretching parameter A
with Nc =0.2,Pr=1, N, =N, =Nr=r=Ec=0.1,e =15, Le=1 are
fixed.

Fig. 13. Variation of ¢(n) for different values of stretching parameter A
withNc=0.2,Pr=1,N, =N =Nr=r=Ec=0.1,e=1.5,and Le = 1.

1.0

0.8

0.6

@(n)

0.4rF

0.2

Fig. 14. Variation of ¢(n) for different values of Lewis number Le with
Ne=0.5,A=1.1,N, =N, =Nr=r=Ec=0.1,e=1.5,and § =0.15.

Table 3. Skin friction coefficient C; with different values of A in the
absence of magnetic field, i.e., f = 0.

A Mahapatra and Gupta Nazar ef al. Ishak er al. Present result

0.1 —0.9694 —0.9694 —0.9694 —0.9694
0.5 —0.6673 —0.6673 —0.6673 —0.6672
3 4.7293 4.7296 4.7294 4.7295

Table 4. Variation of skin friction C¢ with different parameters.

A € Ec Nr R CiRe!/2
0.0 1.5 0.1 0.1 0.1 —0.995493
0.1 —0.898426
0.5 —0.501592

1.1 1.0 0.1 0.1 0.1 0.101078

1.5 0.101331

2.0 0.101989

1.1 15 0.1 0.1 0.1 0.101331

0.5 0.102206

1.0 0.102368

1.1 1.5 0.1 0.1 0.1 0.101331

0.5 0.100606

1.0 0.100274

1.1 1.5 0.1 0.1 0.0 0.100860

0.1 0.101091

0.3 0.101899

0.1 0.100791

—0.3 0.100707
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Table 5. Variation of Nusselt number Nu with different parameters.

A € Ec Pr R Nu,Re!/2
0.0 15 0.1 0.1 1 0.135953
0.1 0.140165
0.5 0.151500
1.1 1.0 0.1 1 0.1 0.158621
15 0.158621

2.0 0.158621

1.1 15 0.1 1 0.1 0.158648
0.5 0.158292

1.0 0.157892

1.1 15 0.1 0.72 0.1 0.153161
1.0 0.158648

13 0.162302

1.1 15 0.1 1 0.0 0.158490
0.1 0.158592

0.3 0.158647

0.1 0.158490

-03 0.158550

Table 6. Variation of Sherwood number Sh with different parameters.

A € Nr N, N Sh,Re /2
0.0 15 0.1 0.1 0.1 0.585354
0.1 0.592144
0.5 0.632763
1.1 1.0 0.1 0.1 0.1 0.742869
15 0.743078

2.0 0.743134

1.1 15 0.1 0.1 0.1 0.744216
0.5 0.743053

1.0 0.741505

1.1 15 0.1 0.1 0.1 0.744216
0.5 0.806788

1.0 0.816729

1.1 15 0.1 0.1 0.1 0.744216
0.5 0.457038

1.0 0.124515

Table 7. Effect of induced magnetic field on C¢, Nuy, and Shy when Nc

=02,Ec=r=Nr=Ny,=N;=0.1,A=1.1,Le=1,and Pr=1.

B € CiRe!/2 Nu,Re~1/2 Sh,Re~1/2

0 1.5 0.168376 0.158817 0.744361
0.2 0.159333 0.158795 0.743906
0.5 0.143776 0.158730 0.741125
0.15 1 0.101078 0.158801 0.743640
1.5 0.101331 0.158748 0.743078

2 0.101989 0.158709 0.743044

5. Concluding remarks

We have discussed the MHD stagnation-point flow of a
viscous incompressible nanofluid over a stretching sheet in the

vicinity of an induced magnetic field. In this study, we observe
that there are noteworthy impacts of the magnetic parameter
on the velocity, g, temperature, and concentration profiles. We
can conclude that

(1) By increasing the buoyancy ratio Nr for opposing flow,
the velocity profile f’ increases; however, it demonstrates the
opposite conduct for assisting flow.

(ii) By increasing magnetic parameter [, g’ increases
when A < 1, while it decreases for A > 1.

(iii) As the magnetic parameter 3 increases, Cy, Nu,, and
Sh, decrease.

(iv) By increasing the stretching parameter A and Prandtl
number Pr, g’ decreases.

(v) In the absence of the magnetic parameter 3 to-
gether with assisting opposing flow, the temperature profile
decreases.

(vi) In the presence of the magnetic parameter 3 for as-
sisting flow, the temperature profile decreases.

(vii) By increasing the Prandtl number Pr, the temperature
profile decreases.

(viii) In the absence and presence of the magnetic param-
eter B with gravity-dependent parameter for both cases (r < 0,
r > 0), the concentration profile ¢ decreases by increasing the
stretching parameter A.

(v) The concentration profile ¢ decreases by increasing
Lewis number Le.
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