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An analytical study of a two-dimensional boundary layer flow of an upper-convected
Maxwell fluid is examined. In addition, an aligned magnetic field over the inclined shrink-
ing/stretching stratified sheet in a non-Darcian porous medium is considered. The heat trans-
fer effects are employed through nonlinear convection and variable thermal conductivity. The
associated higher-order nonlinear equations are transformed to ordinary first-order differen-
tial equations by using similarity transformation. The resulting ordinary first-order differential
equations are then solved numerically by the shooting method. This paper aims to investigate
the special effects of parameters on velocity and temperature profiles. The results are also
discussed, graphically and numerically for the skin friction and Nusselt number.
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Notations

(u, v) – velocity components [m/s],
(x, y) – coordinate axis [m],

(ω1, ω2) – initial guesses,
a, b – dimensional constant,

a1, d1 – dimensional constant [s−1],
B0 – magnetic field strength [kg/(s2·A)],
Cb – drag coefficient,
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Cf – skin friction coefficient,
cp – specific heat [J/(kg·K)],
f ′ – dimensionless velocity,
F – variable inertia coefficient,
Fr – local inertia coefficient,
g – gravitational acceleration [m/s2],

Grx – Grashof number,
K – porous medium permeability,
k – variable thermal conductivity [W/(m·K)],

k∞ – thermal conductivity coefficient,
M – magnetic parameter,

Nux – local Nusselt number,
Pr – Prandtl number,
qw – surface heat flux [W/(m·K)],

Rex – local Reynolds number,
S – suction/injection parameter,
S1 – thermal stratification variable,
T – fluid temperature [K],
T0 – reference temperature [K],
T∞ – ambient liquid temperature [K],
Tf – heated liquid temperature [K],
uw – stretching velocity [m/s],
v0 – mass flux velocity [m/s],
α – angle of inclination,
αt – thermal conductivity parameter,
β – dimensionless Maxwell parameter,
β1 – linear thermal coefficient [K−1],
β2 – nonlinear expansion coefficient [K−1],
βt – nonlinear thermal variable,
γ – aligned magnetic angle,
δ – mixed convection variable,
ε – stretching/shrinking parameter,
η – similarity variable,
θ – dimensionless temperature,
λ – relaxation time parameter [s],
λ1 – porosity parameter,
µ – dynamic viscosity [kg/(m·s)],
ν – kinematic viscosity [m2/s],
ρ – fluid density [kg/m3],
σ – electrical conductivity [S/m],
τw – shear stress,
Ψ – stream function.
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1. Introduction

Non-Newtonian fluids have attracted a significant attention of scientists due
to their wide applications in different technologies and engineering. Because of
the fast development of annealing and thinning of copper wires, aerodynamic
liquid film condensation process, and emission of plastic films, etc., [1], it is indis-
pensable to investigate different non-Newtonian models. Several studies present
concise research related to different surfaces and geometries promoting its appli-
cations to numerous industries. Sakiadis [2] was the first to study the boundary
layer flow with a constant speed past a persistent solid panel. Since then, numer-
ous research studies have been carried out for different types of non-Newtonian
fluids flowing over the stretched surface [3–6]. All the characteristics of these
types of fluid models cannot be constituted by a single equation. Therefore,
researchers proposed various non-Newtonian fluid structures with different geo-
metries [7–9]. These structures are classified as differential, rate, and integral
types. Maxwell model is one of the rate type fluid with relaxation time phe-
nomenon. Consequently, an upper-convected Maxwell fluid model is significant
for application purposes [10]. The heat transfer combined with boundary layer
flow due to the stretching sheet for the upper-convected Maxwell fluid has been
studied by many scientists.

The phenomenon of the transfer of internal energy from one substance to
another is known as heat transfer and it attracts the attention of many math-
ematicians, researchers, engineers, and physicists. Due to the impact of heat
transfer in various substances and boundary layer flows over a stretching sheet,
there are extensive applications in biology, engineering, and industry for example
fermentation process, metal extrusion, paper production, bubble absorption, etc.
[11–21]. Conduction, convection, and radiation are the three ways of heat trans-
fer. The transfer of heat through physical interaction, fluid motion, and radiation
is known as conduction, convection, and radiation respectively. Generally, con-
vection means heat transfer between some types of fluid and a surface (fixed or
moving), and forced convection is caused by an external force for transferring
heat between two substances. The deliberation of this attribute is necessary,
particularly in the field of geophysical and astrophysical branches. Most of the
available literature comprises linear convection, but in fact nonlinear convection
is more appropriate for the study of heat transfer.

Porous mediums can be found in almost all fields of science and engineer-
ing, such as mechanical engineering, biology, geophysics, chemical and petroleum
engineering, and more. The study of heat transfer in porous medium plays a vi-
tal role in transportation phenomena. Due to the natural properties of pseudo-
continuity, thermal transport in porous medium demonstrates fascinating behav-
ior generally not present in the non-porous medium. So far, a vast literature has
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been devoted to heat transfer in porous media. However, with the emergence of
innovative knowledge and interdisciplinary combination, heat transfer in porous
media exhibits exclusive trends in current years, such as heat transfer in nano-
porous medium, coupled flow, and reactive flow through porous medium [22]. The
fluid models involving porous medium within high-velocity systems are a chal-
lenging field for researchers. Recently, non-Darcy effects on natural convection in
the porous medium have greatly impacted the experiments carried out with se-
veral blends of solids and fluids covering widespread governing parameters. These
experiments indicate that the experimental records for systems do not agree with
the predictions of the Darcy flow model. Generally, there are two classes of non-
Darcian flows: high-velocity and low-velocity non-Darcian flow. Several nonlinear
relations were suggested for the high-velocity non-Darcian flow, for example, the
quadratic relationship by Forchheimer [23] and the power function by Izbash
[24]. The investigations of non-Darcian flow in porous media are carried out these
days, for example, see [25–27].

The advantegeous magnetic field effects on the boundary layer make the
investigation of magnetohydrodynamic (MHD) flow very interesting for resear-
chers. The MHD flow with the uniform magnetic field over a stretching sur-
face was studied by Pavlov [28] and an incompressible viscous fluid flow over
a stretching sheet having MHD flow was investigated by Andersson [29]. The
study involving the MHD flow of micropolar fluid through a non-Darcy porous
medium with Soret effects and thermal reaction is examined by Mabood et al.
[30]. In the research work of Khan et al. [31, 33] and Kumar et al. [32], an
investigation regarding heat transfer along with source/sink and chemical reac-
tion was carried out through the expanding sheet. A study of a chemical re-
action within MHD Maxwell fluid together with heat flux was carried out by
Ramzan et al. [34]. The analysis of a chemically reactive magneto-ferrofluid
over a sheet with Darcy and non-Darcy porous media was presented by Ma-
jeed et al. [35, 36]. The effect of related magnetic fields over a vertical stretching
layer was addressed by Raju et al. [37]. They showed that an increase in the
aligned angle improves the temperature profile of the fluid and decreases the ve-
locity.

The present study is inspired by the above-cited investigations and their ap-
plications to different areas. The main goal of this work is to study the regime
of Maxwell fluid. More precisely, this paper deals with the analysis of nonlinear
mixed convective flow over the non-Darcian porous media in an aligned magnetic
field. Further, the stratified inclined shrinking/stretching panel is used along with
variable thermal conductivity. The equations present this phenomenon modeled
as coupled nonlinear differential boundary value problem and solved by the non-
linear shooting method. For solving problem arising from nonlinear fluid mo-
dels, the shooting method has been used effectively in the literature. In Sec. 4,
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a comprehensive discussion of the model under consideration along with obtained
parameters and graphical results are given.

2. Mathematical formulation

A non-Newtonian upper-convected Maxwell (UCM) fluid flowing over the
two-dimensional inclined stretching/shrinking stratified sheet is considered.
The angle of inclination is α while the speed of expansion of the sheet along the
x-axis is uw(x) = ax. Further, the magnetic field B0 is also applied through an
angle γ from the y-axis as shown in Fig. 1. Due to stratification, the temperature
is linearly dependent on x-direction length, i.e., on the surface is Tf = T0 + a1x
and far away it is T∞ = T0+d1x. Because of the motion of electrically conducting
fluid, the induced magnetic field is ignored. The flow is examined through the
modified Darcian porous medium. Nonlinear convection and thermal conducti-
vity are equally used to explore the heat transfer rate through porous media.
The Cauchy stress tensor for the Maxwell fluid model is given by

(2.1) T = −pI + S,

where S is an extra tensor, which is defined for the Maxwell fluid as

(2.2) S + λ
DS

Dt
= µA1.

Fig. 1. Geometry for the flow under discussion.
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Here, λ, µ, D
Dt and A1 are relaxation time, dynamics viscosity, convective deriva-

tive and first Rivlin-Ericksen tensor, respectively. The latter two are defined as

DS

Dt
=

dS
dt
− LS− SL∗,(2.3)

A1 = ∇V + (∇V)∗ ,(2.4)

where ∗ denotes the transposition of the tensor and L is the velocity gradient.
The governing equations of momentum and heat conduction using boundary

layer approximation are [38, 39]:

(2.5)
∂u

∂x
+
∂v

∂y
= 0,

(2.6) u
∂u

∂x
+ v

∂u

∂y
+ λ

(
v2∂

2u

∂y2
+ u2∂

2u

∂x2
+ 2uv

∂2u

∂x∂y

)
= ν

∂2u

∂y2
− σB2

0

ρ
sin2 (γ)

(
u+ λv

∂u

∂y

)
+ g (β1 + β2 (T − T∞)) (T − T∞) cos(α)−

( ν
K
− Fu

)
u,

(2.7) u
∂T

∂x
+ v

∂T

∂y
=

1

ρcp

∂

∂y

(
k
∂T

∂y

)
,

here, the velocity components (u, v) are along the (x, y)-axis, the (β1, β2) are
the linear and nonlinear thermal expansion, g is gravitational acceleration, K is
permeability of porous medium, coefficient of inertia is F = Cb/

√
K with Cb

being drag coefficient, and the temperature is denoted by T . In the temperature
Eq. (2.7), the Fourier law is used defined as

(2.8) q = −k∇T,

where q is the local heat flux density, ∇T is a temperature gradient and k is the
thermal conductivity taken as variable and defined as [40]

(2.9) k = k∞

(
1 + αt

(
T − T∞
Tf − T0

))
with the thermal conductivity parameter αt defined as

(2.10) αt =
(k − k∞)

k∞
.
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The velocity and temperature of the fluid at surface and far away is described
by the following conditions:

(2.11)
at y = 0, v = v0, u = εuw, T = Tf = T0 + a1x,

as y→∞, T → T∞ = T0 + d1x, u→ 0,

where v0 is the mass flux velocity, T0 is the reference temperature, ε is the stretch-
ing (ε > 0)/shrinking (ε < 0) parameter, Tf is the heat liquid temperature, and
d1 and a1 are dimensional constants. For the similarity solutions, we define the
following similarity variables:

(2.12)

Ψ =
√
vxuw (x)f (η) =

√
cvxf (η) ,

η =

√
uw (x)

vx
y =

( c
v

)1/2
y,

θ (η) =
T − T∞
Tf − T0

,

where u = ∂Ψ/∂y, v = −∂Ψ/∂x, and η is the similarity variable. The obtained
coupled ordinary differential equations are

f ′′′ − f ′2 + ff ′′ − β
(
f2f ′′′ − 2ff ′f ′′

)
−
(
f ′ − βff ′′

)
M sin2 (γ)(2.13)

+ δ cos(α)θ (1 + βtθ)− Frf ′
2 − λ1f

′ = 0,

(1 + αtθ) θ
′′ + αtθ

′2 + Pr fθ′ − Pr (θ + S1) f ′ = 0,(2.14)

and the boundary conditions are as follows:

(2.15)
at η = 0, f (0) = S, f ′ (0) = ε, θ (0) = 1− S1,

as η →∞, θ (η)→ 0, f ′ (η)→ 0,

where primes designate the differentiation w.r.t. η, Pr, δ, β, βt, Fr, M , λ1, the
Prandtl number, the mixed convection parameter, the Maxwell fluid parameter,
nonlinear convection parameter, local inertia coefficient, magnetic parameter, po-
rosity parameter, respectively. Further, S1 and S are the thermal stratification
parameters, the suction/injection parameter with S < 0 for injection and S > 0
for suction, and these are characterized as

λ1 =
ν

Ka
, βt =

β2 (Tf − T0)

β1
, δ =

Grx

Re2
x

, Fr =
Cb√
K
x,

Pr =
µcp
k
, Rex =

xuw
ν
, Grx = gβ1

(Tf − T0)x3

ν2
, uw = ax,

M = σ
B2

0

ρa
, β = λa, S1 =

d1

a1
, µ = ρν.
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For the operative purpose, the skin friction coefficient Cf and the local Nusselt
number Nux can be solved by the functions f(η) and θ(η) respectively as

(2.16) Cf =
τw

ρu2
w(x)/2

, Nux =
xqw

k(Tw − T∞)
,

whereas qw = −k (∂T/∂y)y=0 is the heat flux and τw = µ (∂u/∂y)y=0 is the
shear stress at the surface. In dimensionless form, we obtain

(2.17) Nux/Re1/2
x = −θ′(0),

1

2
CfRe1/2

x = f ′′(0).

3. Solution methodology

Since these ODEs are nonlinear and coupled equations, the boundary value
problems (2.13) and (2.14) are difficult to solve analytically. As a result, the
shooting approach has been considered for numerical solutions. The Newton’s
method and fourth-order Runge-Kutta method are essential components of the
shooting method for solving nonlinear first-order differential equations. To obtain
the first-order ordinary differential equations, we use the following notations:

(3.1) f = m1, f ′ = m′1 = m2, f ′′ = m′2 = m3, θ = m4, θ′ = m′4 = m5.

By using the notations (3.1), we get the following IVP:

(3.2)

m′1 = m2, m′2 = m3, m′3 =
a∗

(1− βm2
1)
,

m′4 = m5, m′5 =
(m2m4 −m1m5 +m2S1) Pr−αtm2

4

1 + αtm4
,

where

a∗ = −2βm1m2m3 −m1y3 +M sin2 (γ) [m2 − βm1m3]

+ λ1m2 − δm4 cos(α) (1 + βtm4) + (1 + Fr)m
2
2

and the essential initial conditions (2.15) takes the following form as

(3.3)
m1(0) = S, m2(0) = ε, m3(0) = ω1,

m4(0) = 1− S1, m5(0) = ω2,

where ω1 and ω2 are our first estimates. To numerically achieve the desired
results of the aforementioned scheme, we replaced the domain [0,∞) with the
bounded domain [0, η∞], where η∞ is a relevant finite positive real number. It is
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chosen in such a way that after its basic value, which is normally between [5, 7],
the collected findings have not been altered in any way. In (3.3), the missing
initial conditions ω1 and ω2 are to be selected in percent case so that

m2 (η∞, ω1, ω2) = 0, m4 (η∞, ω1, ω2) = 0.

The Newton scheme modifies certain calculations. The algorithmic pattern is
repeated until the following condition is met:

max {|m2 (η∞, ω1n, ω2n)| ,m4 (ζ∞, ω1n, ω2n)} < χ

wherein the tolerance is χ > 0. In this article, χ = 10−5 is fixed for all compu-
tations.

4. Results and discussions

The governing Eqs (2.13) and (2.14) are nonlinear with associated boundary
conditions (2.15). These equations have been solved using RK-4 based shooting
criteria. The results and graphs depicting the numerical solution and analysis
are discussed in this section. The skin friction coefficient with the stretching case
and the shrinking case are computed and shown in Tables 1 and 2, respectively.
The effect of αt, λ1, γ, ε, δ, Fr, βt, S, S1, Pr, M , and β on the temperature and

Table 1. Analogy with earlier work for the numerical calculated Skin
friction when ε = 1.0, αt = 0, S = 0, M = 0, Pr = 1 (stretching case).

β
f ′′(0)

Abel et al. [41] Waini et al. [42] Bilal and Nazeer [44] Present
0 −0.999962 −1.00000005 −1.0000000 −1.0000000
0.2 −1.051948 −1.05188989 −1.0518899 −1.0518899
0.4 −1.101850 −1.10190327 −1.1019044 −1.1019044
0.6 −1.150163 −1.15013734 −1.1501382 −1.1501382
0.8 −1.196692 −1.19671125 −1.1967134 −1.1967134
1.2 −1.285257 −1.28536326 −1.2863640 −1.2863640

Table 2. Analogy with earlier work for the numerical calculated Skin
friction when ε = −1.0, αt = 0, S = 0, M = 0, Pr = 1 (shrinking case).

S
f ′′(0)

Bhattacharyya [43] Waini et al. [42] Bilal and Nazeer [44] Present
2 2.414300 2.41421357 2.41421369 2.41421369
3 3.302750 3.30277563 3.30277621 3.30277621
4 4.236099 4.23606797 4.23606814 4.23606814
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velocity profile is graphically described. The graphs are drawn for the following
specific values: −1.0 ≤ ε ≤ 1.0, π/6 ≤ α ≤ π/2, 2.0 ≤ S ≤ 2.6, 0.1 ≤ δ ≤ 0.7,
0.1 ≤ S1 ≤ 0.7, 0.1 ≤ Fr ≤ 1.0, 0.1 ≤ λ ≤ 1.0, 0.0 ≤ M ≤ 3.0, 0.1 ≤ βt ≤ 1.5,
π/6 ≤ γ ≤ π/2, 0.6 ≤ Pr ≤ 1.2, 0 ≤ β ≤ 0.15.

Figure 2 shows the influence of aligned angle γ for the case of stretching ε = 1
on the velocity profile. We note that the velocity of fluid decreases with the in-
crease of γ. The reason behind this phenomenon is that an opposite force to the
flow is produced due to an increase in the magnetic field with an increment in
the angle γ. This force is known as the Lorentz force which reduces the momen-
tum boundary layer solidity. With the inclination of the stretching sheet (α),
it is observed in Fig. 3 that the velocity of the fluid is decreased. Higher the

Fig. 2. Impact of magnetic field inclination angle γ on the velocity profile.

Fig. 3. Impact of wall inclination angle α on the velocity profile.
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inclination angle, lower the speed of the fluid; however, this reduction is small.
Figure 4 displays the impact of the Maxwell parameter on the velocity profile
for the stretching sheet. With the rise of the Maxwell parameter, the velocity
profile decreases. β = 0 corresponds to the Newtonian fluid and the increasing
value of β complies with non-Newtonian fluid. Because of the high viscosity in the
upper-convected Maxwell fluid, the velocity profile goes down. The graphical rep-
resentation of the effect of mixed convection parameter δ on the velocity profile is
given in Fig. 5, which shows that the significant differences of δ give considerable
velocity change. There is an increase in the velocity profile corresponding to the
higher linear convection parameter δ. The impact of stretching and shrinking

Fig. 4. Impact of the Maxwell fluid parameter β on the velocity profile.

Fig. 5. Impact of mixed convection parameter δ on the velocity profile.
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parameter ε on the velocity profile is exhibited in Figs 6 and 7, respectively. The
positive values of ε indicate the stretching case, whereas the negative ε shows the
shrinking one. It is noted that near the sheet, the velocity increases but away
from the sheet it reduces. Opposite action is observed for the shrinking case, as
near the plate the velocity dramatically declines, and far away from the sheet, it
progresses. Figure 8 describes the behavior of f ′(η) for numerous values of local
inertia coefficient Fr. The enhancement of medium porosity is indicated by the
large values of local inertia coefficient, which reduces fluid speed and thickness
of boundary layer. With the higher Fr, the size of the pores increases, which
ultimately reduces the speed. The influence of porosity parameter λ1 against the

Fig. 6. Impact of stretching parameter ε on the velocity profile.

Fig. 7. Impact of shrinking parameter ε on the velocity profile.
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Fig. 8. Impact of local inertia coefficient Fr on the velocity velocity.

velocity f ′ is reflected in Fig. 9. Quite similar behavior is noted, as observed in
the case of inertia coefficient Fr. The porosity parameter is inversely related to
the speed of the fluid. The impact of escalating magnetic parameter M on the
velocity profile is shown in Fig. 10. Because of the significant Lorentz forces,
a conflicting force is produced in the direction of the flow, which resists the
motion of the fluid. In Fig. 11, the velocity profile is drawn against the suction
parameter S. Due to suction, the speed of the fluid is disturbed and as a result,
it is reduced.

Fig. 9. Impact of time relaxation parameter λ on the velocity profile.
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Fig. 10. Impact of magnetic parameter M on the velocity profile.

Fig. 11. Impact of suction parameter S on the velocity profile.

It is clear from Fig. 12 that the temperature difference between surface
and the ambient decreases with the increase in the thermal stratification para-
meter S1. Physically, the increasing values of S1 indicate that there is a small
difference between the ambient and the surface temperature. This small diffe-
rence causes a thinner boundary layer thickness and a reduction in temperature.
As we have considered a variable thermal conductivity and this conductivity lin-
early depends on the temperature, with the mounting thermal conductivity pa-
rameter αt, it is observed in Fig. 13 that temperature increases. The effect of
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Fig. 12. Impact of thermal stratification S1 on the velocity profile.

Fig. 13. Impact of thermal conductivity parameter αt on the temperature profile.

behavior of the Prandtl number Pr on the thermal profile is shown in Fig. 14.
The temperature θ(η) and associated thermal layer thickness decrease for the
larger value of the Prandtl number. The reduction in diffusivity of fluid is due to
the large value of the Prandtl number which has an inverse relationship with the
thermal diffusivity. This reduction yields a decrease in the temperature profile.
Next, Fig. 15 is drawn for the numerically decreasing values of shrinking sheet ε
against the temperature profile. It is observed in this figure that for the shrinking
case, the thermal boundary layer thickness reduces, which ultimately decreases
the temperature profile.
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Fig. 14. Impact of Prandtl number Pr on the temperature profile.

Fig. 15. Impact of stretching parameter ε on the temperature profile.

To study the impact of different parameters on the Nusselt number, Figs 16
and 17 are presented. In these graphs, it is observed that higher magnetic param-
eters create more resistive force during the flow, which enhances the temperature
of the fluid. So, the rate of the heat transfer on the surface goes down. Similarly,
the Maxwell fluid parameter is also responsible for the decrease of the Nusselt
number. In Fig. 17, the stratification parameter S1 has an inverse relationship
with the heat transfer rate −θ′(0). The higher the stratification parameter the
lower the Nusselt number. The Prandtl number is inversely related to thermal
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Fig. 16. Impact of magnetic parameter M and Maxwell fluid parameter β
on the Nusselt number.

Fig. 17. Impact of Prandtl number Pr and thermal stratification parameter S1

on the Nusselt number.

diffusivity. A higher Prandtl number can reduce the temperature of the fluid,
which resultantly increases the rate of heat transfer on the surface.

The numerically calculated values of the Nusselt number (rate of heat trans-
fer on the surface) and local coefficient of skin friction (retarding acceleration
over the stretching sheet) for the emerging parameters are shown in Table 3. The
influence of stretching ratio parameter, porosity parameter, inertia coefficient,
thermal conductivity parameter, nonlinear thermal convection, mix convection
linear parameter, and suction parameter are checked. In this table, it is noted



288 M. BILAL et al.

Table 3. Calculated skin friction and Nusselt number when β = 0.1,M = 0.3, γ = α = π/4,
Pr = 0.7, S1 = 0.1, η = 8.0.

ε λ1 βt Fr δ S αt -f ′′(0) −θ′(0)

1.0 0.3 0.5 03 0.3 0.1 0.1 1.25731524 0.697815776
0.5 0.38119562 0.508230496
0.6 0.53584036 0.550079499
0.7 0.70066224 0.589762801

0.4 1.29758484 0.688809432
0.5 1.33676550 0.680123108
0.6 1.374937076 0.671736403

0.2 1.275781175 0.694599086
0.3 1.269609750 0.695681875
0.4 1.263454546 0.696754016

0.4 1.284129154 0.694625358
0.5 1.310469331 0.691509307
0.6 1.336358259 0.688464147

0.4 1.215680214 0.708528391
0.5 1.174962411 0.718205586
0.6 1.135020179 0.727071396

0.2 1.318569570 0.728369261
0.3 1.382555749 0.760370895
0.4 1.449242783 0.793811109

0.2 1.252695434 0.635160040
0.3 1.247594647 0.572843515
0.4 1.241824365 0.509429097

that stretching ratio ε, porosity parameter λ1, inertia coefficient Fr, and suction
parameter S are the increasing function of −f ′′(0), whereas βt, δ, and αt are
inversely related. The stretching ratio, nonlinear convection, mixed convection,
and suction parameters are responsible for the enhancing of the Nusselt number.
On the other hand, gradually increasing the porosity parameter, inertia coeffi-
cient, and thermal conductivity parameter will reduce the heat transfer rate.

5. Concluding remarks

In this study, we have dealt with aspects of the aligned magnetic field past
a stratified inclined sheet with nonlinear convection and variable thermal con-
ductivity. Initial equations were altered from nonlinear PDEs to non-dimensional
ODEs by incorporating similarity transformation. The resulting problem was nu-
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merically solved by employing the shooting technique. After that, we obtained
all scenarios of the flow. Exhaustive properties of different physical parameters
have been examined through graphs and tables. The following observations were
made:

• The local coefficient of the skin friction and Nusselt number increases with
the magnetic and suction/injection parameter increase.

• The increasing inclined angle increases to the skin friction and the Nusselt
number.

• The velocity decreases for the increasing inclined angle of the sheet.
• The local inertia coefficient is responsible for reducing velocity.
• There is an inverse relationship between the aligned magnetic field and the

shrinking/stretching sheet.
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