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ABSTRACT

The objective of the current analysis is to study the influence of MHD on flow of an ethylene glycol-based
nanofluid containing copper nanoparticles through a exponential stretching sheet. Several parameters including
Dufour, thermal radiation, Magnetohydrodynamic (MHD), and Eckart number, were investigated for their
impacts on fluid flow, heat and mass transfer profiles, and thermal convective boundary conditions, while
Navier velocity slip was also considered. The basic PDEs are transformed into nondimensional ODEs using
appropriate transformations and numerically characterized by bvp4c. The graphs examine the influence of
relevant parameters on heat and mass transfer profiles. The velocity profile decrease with slip effect. As the
Biot number increased, the thermal layer became thicker. The Nusselt number are the decline functions of
magnetic field, Eckert number and Brownian diffusion but the local Sherwood number enhanced with these
parameters. The Nusselt number intensifies with radiation parameter Rd, slip parameter λ and Biot numberBi.
The temperature and concentration profiles rises with increase in Nt.
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1 INTRODUCTION

Nanofluid is a novel technique of improving heat transfer
properties, because of its wide range of applications in
industry and technology, the research of boundary layer
flow and heat transfer over a stretching surface has had
a lot of success in recent years. Polymer extrusion,
copper wire drawing, continuous stretching of plastic
films, artificial fibres, hot rolling, wire drawing, glass
fibre, metal extrusion, and metal spinning are just a
few of these applications.The thermal conductivity of the
working fluid determines the efficiency of heat transfer.
Thus, a new class of engineering fluid called nanofluid
is formed by increasing the thermal conductivity of
working fluids such as water, ethyl glycol, and oil by
floating a small proportion of nanoparticle (such as Cu,
Ag, TiO2, and Al2O3) in it [1]. Using the homotopy
analysis method, Sajid and Hayat [2] investigated the
effect of thermal radiation on the boundary layer flow
caused by an exponentially stretched sheet. MHD
research has a wide range of applications, including
the cooling of nuclear reactors with liquid sodium
and the induction flow meter, which is based on
the potential difference in the fluid in the direction
perpendicular to the motion and the magnetic field
[3, 4]. The electric conductivity of nano fluid in a
vertical permeable circular cylinder is investigated [5].
Copper and silver nanoparticles are utilised in place of
regular liquid ethylene glycol.The relationship between
particle form and radiation impacts on Marangoni
boundary layer flow and heat transfer of Cu, Al2O3, and
SWCNTs based on water, ethylene glycol, and engine
oil[6]. Melting heat transportation in radiative flow
of nanomaterials with irreversibility analysis and heat
transportation in electro-magnetohydrodynamic flow
of Darcy-Forchheimer viscous fluid with irreversibility
analysis. [7, 8, 9] Oyelakin et al. [10] explains Increases
in the Casson, Dufour, and unsteadiness indices
diminish fluid velocity, temperature, and concentration
profiles, according to the study. Raising thermal
radiation raises temperature profiles, and increasing
the Soret parameter raises concentration profiles, as
expected [11, 12]. For vertical and horizontal heaters
in the cavity, heat transfer is dug out. The base
fluid ethylene glycol is investigated in conjunction
with Ag nanoparticles. When a horizontal heater is
put in the centre of the cavity, heat transfer in the

enclosure filled with nanofluid is improved in the case
of Cattaneo–Christov heat flux [13]. The flow and
heat transmission of water and ethylene glycol-based
copper nanoparticles between two parallel squeezing
discs with suction/injection effects are investigated by
Rizwan-ul-Haq et al. [14] They found magnetic fields
have a large influence on metallic particles, evaluated
the MHD effect, which is normal to the surface, and
the lower disc is considered permeable. Saqib et al.
[15] investigate the flow of an isothermal vertical plate
with an ethylene glycol-based molybdenum disulfide
generalized nanofluid. The spherical molybdenum
disulfide nanoparticles are suspended in ethylene
glycol, a common base fluid. Entropy analysis for
magnetohydrodynamic (MHD) unsteady flow of Prandtl
fluid by a stretchable surface is addressed. Thermal
transport with radiation, magnetic field and dissipation is
taken. Physical behaviors of Soret and Dufour impacts
are examined by Khan et al. [16]. Nadeem et al. [17]
investigated two-dimensional boundary layer flow and
heat transmission in a steady incompressible OldroydB
nanofluid. They discovered that as the Brownian
motion parameter was raised, the local Nusselt number
decreased while the local Sherwood number rose.
Makinde et al.[18]investigated the combined effects of
buoyancy force, convective heating, Brownian motion,
thermophoresis, and a magnetic field on stagnation
point flow and heat transfer due to a nanofluid flow from
a stretching/shrinking sheet. Their findings revealed
that for the shrinking case, dual solutions exist, and
that increasing the buoyancy force reduced both the
skin friction coefficient and the local Sherwood number
while increasing the local Nusselt number. Haroun
et al. [19] investigated heat and mass transport in
a magnetohydrodynamic mixed convection flow of a
nanofluid over an unsteady stretching/shrinking sheet
in a magnetohydrodynamic mixed convection flow of
a nanofluid. The flow was subjected to a heat
source as well as viscous dissipation. The effects of
Soret and Dufour were expected to be significant. In
hydromagnetic flows, viscous dissipation behaves like a
volumetric heat source, while Joule dissipation behaves
like a viscous heat source. In the heat treated materials
contained among the nourished and wind-up rolls, the
combined Joule and viscous dissipations influence is
very significant [20, 21, 22]. Rao et al. [23]examined
the impacts of chemical reaction, thermal radiation,
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magnetic, suction, porosity, and joule heating factors
in a numerical analysis corresponding to the flow and
heat transfer in a steady flow region of nanofluid across
an exponential stretching surface. Elbashbeshy [24]
looked at how suction affected laminar flow across an
increasingly stretched surface. El-Aziz[25] investigated
the mixed convective flow of a micro-rotating fluid
propelled by a stretched surface. Aziz and Khan
[26] explored the natural convection flow of nanofluid
through convective boundary conditions. Silver, Copper,
Copper oxide, Titanium oxide, and Aluminum oxide
are among the nanoparticles investigated by Ahmad
and Mustafa [27]. Thermal conductivity performance
for ternary hybrid nanomaterial subject to entropy
generation is describe and Simultaneous features of
soret and dufour in entropy optimized flow of reiner-
rivlin fluid considering thermal radiation by Khan et al.
[28, 29, 30]. In the present article, the importance of
the ethylene glycol-based Cu nanoparticle through a
exponential stretching sheet with several parameters,
such as Dufour,thermal radiation, MHD, Eckart number
were tested for their effects on fluid flow, heat and
mass transfer profiles, and thermal convective boundary
conditions with simultaneous impact of Navier velocity
slip. Nanofluid framework has been updated to include
thermophoresis and Brownian motion. Because of
their small size, nanoparticles have a high surface
to volume ratio. In the field, surface cooling and
heating are widespread. It is impossible to hide the
presence of convective heat exchange between the
surface and the surrounding fluid. The governing partial

differential equations are reduced using the similarity
transformation, then converted to a set of non-linear
ordinary differential equations that are numerically
solved using Matlab’s bvp4c method. The impacts
of numerous physical parameters on dimensionless
velocities, concentration, temperature profiles, skin
friction, and Nusselt number were demonstrated using
tables and graphs.

2 PHYSICAL MODEL AND
MATHEMATICAL FORMULATION

A steady, two-dimensional, incompressible flow of
ethylene glycol-based Cu nanofluid has been explored
as it passes over an exponentially stretching sheet.
Fig. 1 shows the x-axis running along the stretched
sheet in the flow direction and the y-axis running
parallel to the flow direction. Furthermore, the magnetic
field Bo is applied to the fluid flow in a normal
direction. In the energy equation, the effects of
Joule heating and thermal radiation phenomena are
investigated further. The sheet is stretched with
the linear velocity Uw = exp(x

l
) and is regarded

a heated fluid with the−knf ∂T∂y = hf (Tf − T ) wall.
The basic continuity, momentum, energy equation,and
concentration equations for this situation can be
expressed as follows using the foregoing assumptions
and the model equations presented by Tiwari and Das
[31, 32, 33]In vector form:

∇.V = 0 (2.1)

(V.∇)V =
1

ρnf

(
∇(µ∇V ) + σnf (Bo ∗ j)

)
(2.2)

(V.∇)T =
1

(Cpρ)nf

(
∇(κnf∇T ) +

1

σnf
(j.j) + τ(DB(∇.T.∇C) +

DT
D∞

(∇T.∇T ))−∇.qr
)

(2.3)

(V.∇)C = ∇.
(
D(∇C) +

DT
D∞

(∇T ))
)

(2.4)

V denotes the velocity vector which has the components V(u(x,y), v(x,y)). j denotes the electric current density
which is formulated by generalized Ohm’s law including Hall current as [34]

∂u

∂x
+
∂v

∂y
= 0 (2.5)

u
∂u

∂x
+ v

∂v

∂y
= νnf

∂2u

∂y2
− σnf (Bo)

2

ρnf
u (2.6)

u
∂T

∂x
+ v

∂T

∂y
=

κnf
(ρcp)nf

∂2T

∂y2
− 1

(ρcp)nf

∂qr
∂y

+ τ

[
DB

(
∂T

∂y

∂C

∂y

)
+
DT
T∞

(
∂T

∂y

)2
]
+
σnf (Bo)

2u2

(ρcp)nf
(2.7)

u
∂C

∂x
+ v

∂C

∂y
=
∂2C

∂y2
+
DT
T∞

(
∂2T

∂y2
) (2.8)

35



Kumar and Poonia; Curr. J. Appl. Sci. Technol., vol. 41, no. 46, pp. 33-45, 2022; Article no.CJAST.94852

In addition, (u, v) represents the velocity component in the x and y directions, respectively, and T represents the
fluid temperature. Furthermore,τ is the ratio of the nanoparticle material’s heat capacity to the fluid’s heat capacity.
Brownian diffusion coefficient and thermophoretic diffusion coefficient, are represented by DB ,DT respectively.
The above problem’s boundary conditions are as follows:

u = U +Nνf
∂U

∂y
, v = 0,−knf

∂T

∂y
= hf (Tf − T ), Cw at y = 0

u −→ 0, T −→ T∞, C −→ C∞ at y −→∞ (2.9)

Fig. 1. Physical flow diagram

where Tf denotes the temperature at the wall and
T∞ denotes the ambient temperature Also N,Bo,µnf ,
ρnf , hf are the slip velocity factor, magnetic field
parameter, dynamic viscosity, the density of the
based fluid and the convective heat transfer coefficient
respectively. The Rosseland [35] approximation is
expressed in terms of radiative heat flux as follows:

qr =
4 α∗∂4T

3 K1∂y2

where K1 is the Roseland mean absorption coefficient

and α∗ is the Stefan Boltzman constant. When minimal
temperature variations in the flow are explored, Taylor
series is used after ignore the higher-order term [36],
we get

qr =
4 α∗

3 K1

∂4T

∂y4
=

16 α∗T 3
∞

3 K1

∂T

∂y
(2.10)

The consistent characteristics are retained with the
exception of density changes that create a thermal
buoyancy force. The thermophysical properties
of Cu and ethylene glycol are showcased in Table 1 and
these values are extracted from[37, 38].
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Table 1. Properties of particle and base fluid

Physical properties ρ(kg.m−3) Cp(J(kg.K)−1) κ(W (K.m)−1) β(K−1)

Ethylene Gylcol 1114.4 2415 0.252 57 ∗ 10−5

Cu 8933 385 401 1.67 ∗ 10−5

The effective nanofluid properties [39, 40, 41] are given by

ρnf = φ
(ρcp)s
(ρcp)f

+ (ρcp)f (1− φ), (ρcp)nf = φρs + ρf (1− φ)

κnf
κf

=
2κf + κs − 2φ(κf − κs)
2κf + κs + φ(κf − κs)

,
µnf
µf

=
1

(1− φ)2.5 (2.11)

Where µf is the dynamic viscosity of the base fluid,φ is the solid volume fraction ρf and ρs are the densities, κf
and κs are the thermal conductivities , σ is the electrically conductivities,(ρcp)f and (ρcp)s are the heat capacitance
of the base fluid and nanoparticles, respectively. The following similarity transforms are used to convert the
equations (2) to (4) to ordinary differential equations [42].

u = Uoe
X
L f ′(η), θ(Tf − T∞) = (T − T∞), η = y

√
Uo

2Lνf
e

2X
L ,

ψ(Cf − C∞) = (C − C∞), v = y

√
Uoνf
2L

e
2X
L (f(η) + ηf ′(η))

(2.12)

The dimensionless coordinate is represented by η.

A1

A2

∂3f

∂η3
− ∂f

∂η

2

+ f
∂2f

∂η2
− M

A2

∂f

∂η
= 0 (2.13)

1

A3Pr
(A4 +Rd)

∂2θ

∂η2
+
MEc
A3

(
∂f

∂η
)
2

+NB
∂θ

∂η

∂ψ

∂η
+Nt(

∂θ

∂η
)
2

+ f
∂θ

∂η
= 0 (2.14)

∂2ψ

∂η2
− Scf

∂ψ

∂η
− Nt
NB

∂2θ

∂η2
= 0 (2.15)

with boundary conditions

f(η) = 0,
∂f

∂η
= 1 + λ

∂2θ

∂η2
, A4

∂θ

∂η
−Biθ(η) = −Bi, ψ = 1 at η = 0

∂f

∂η
−→ 0, β −→ 0, θ(η) −→ 0, ψ(η) −→ 0, at η −→∞ (2.16)

Here,

A1 =
µnf
µf

=
1

(1− φ)2.5 , A3 = φ
(ρcp)s
(ρcp)f

+ (ρcp)f (1− φ)

A4 =
2κf + κs − 2φ(κf − κs)
2κf + κs + φ(κf − κs)

, A2 = φρs + ρf (1− φ) (2.17)

The effective thermal conductivity of fluid can be determined by Maxwell–Garnett’s (MG model) self-consistent
approximation model, effective density, specific heat and thermal conductivity of nanofluid by Tiwari and Das[39]
the magnetic field parameter M ,Prandtl number Pr, number NB , Nt, Biot number Bi, and thermophoretic variable
Nt, Schmidt number Sc, Eckert number Ec, Brownian diffusion NB , slip effect λ and radiation parameter Rd .

M =
σfBO

2

ρfa
, Ec =

Um
2

(Tf − T∞)(Cp)f
, Pr =

(µcp)f
κf

, Sc =
(νf
DB

Rd =
16α∗T 3

3K1κf
, NB =

τDB(Cw − C∞)

νf
, Nt =

τDt(Tw − T∞)

νfT∞
, λ = No

√
(Uoνf )

2L
, Bi =

hf
κf

√
νf
a
. (2.18)
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3 ENGINEERING QUANTITIES

Skin friction coefficient Cfx and Nusselt number Nux are defined as

Cfx =
τw
uwρf

∂u

∂y
, Nux =

xqw
κf (Tf − T∞)

, Shx =
xqm

Dm (Cf − C∞)
(3.1)

where qw, τw qm are heat flux,shear stress,designates the mass flux from the surface respectively. The dimensionless
local skin friction coefficient Cfx and Nusselt number Nux and the local Sherwood number Shx are

1

2

√
RexCfx =

∂2f(0)

∂η2
,

Nux√
Rex

= −(A4 +Rd)
∂θ(0)

∂η
,

Shx√
Rex

= −∂ψ(0)
∂η

(3.2)

where
√
Rex =

√
ax
√
νf

is Reynold number.

4 METHOD OF SOLUTION AND VALIDATION

Equations along with the boundary conditions are resolved numerically by bvp4c solver, a MATLAB built-in function.
The solver of bvp4c is a finite difference code that uses the three-stage Lobatto IIIa implicit Runge–Kutta formula
which gives the numerical solution of fourth-order. The solutions are derived from an initial guess. It is necessary
to choose the appropriate initial guess and the thickness of the boundary layer based on the values of the
parameters[45, ?]. Now, first reduce the equations to a system of first-order ordinary differential equations. Thus
the set of equations(13-15) is stated as,

f = y1, f ′ = y2, f ′′ = y3 (4.1)

f ′′′ = A1

[
A2(2(y2)

2 − y1y3) +My2
]

(4.2)

θ = y4, θ′ = y5, θ′′ =
−Pr

[A4 +Rd]

[
MEcy2

2 +A3(NBy7y5 +Nt(y5)
2 + y1y5

]
(4.3)

ψ = y6, ψ′ = y7, ψ′′ = −
[
Scy7y1 +

Nt
NB

−Pr
[A4 +Rd]

[
MEcy2

2 +A3(NBy7y5 +Nt(y5)
2 + y1y5

]]
(4.4)

Now boundary conditions as

ya1 = 0, ya2 = 1 + λy3, A4y
a
5 −Biya4 +Bi = 0, ya6 = 1

yr2 = 0, yr4 = 0, yr6 = 0 (4.5)

The solver’s syntax soll = bvp4c(@OdeBVP, @OdeBC,
solinit) @OdeBVP, into which the equation (22-24) are
coded. Then, the boundary conditions(25) are coded
into the function handle @OdeBC. The mesh points
and initial approximation of the solution are coded
using solinit the points of the initial mesh and initial
approximation of the solution at the mesh points are
coded in solinit [?]. One must guess the desired solution
for the ordinary differential equation. As long as the
guess is accurate, it should satisfy boundary conditions
and reveal the behavior of the solution. A preliminary
guess of the solution is not difficult, since the bvp4c
method can converge to it even if the initial guess is
poor. We use the obtained results as an initial guess for
the solution of the problem with only a small variation

of the parameters. In this way, we repeatedly adjust
the parameters until they are as close as possible to
the right values. This method is described in the book
by Shampine et al.[46]. Through a comparison of
the current work with previously published works, the
current problem has been validated and the code has
been verified as accurate. A commendable agreement
is noted Table 2 at η = 40.

5 CONCLUDING RESULTS

The consequences of various influential parameters on
velocity f

′
(ξ), concentration (ψ(ξ)), and temperature

(θ(ξ)) profiles are illustrated in Figures with magnetic
field parameter M = 0.01, Prandtl number Pr = 150.45,
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thermophoretic variable Nt = 0.1, Biot number Bi =
0.1, Schmidt number Sc = 0.4, Eckert number Ec = 0.3,
Brownian diffusion NB = 0.3,slip effect λ = 0.5 and
radiation parameter Rd = 0.5 respectively are taken
otherwise mentioned.
Figs. 2(a-b), depicting as M rises, the velocity profile
reduces, while the temperature profile increases in the
presence and absence of slip effect λ. Simultaneous
effect of slip and magnetic parameters. Remarkably, a
greater magnetic force inhibits nanofluid flow. The width
of the momentum boundary layer decreased as the
velocity profile decreased, whereas as M increased,
the Lorentz force in the magnetic field increased.
The magnetic field creates an opposing/resistive force
known as the Lorentz force, which reduces fluid velocity
and thins the flow boundary layer.

Fig. 3(a) illustrates fluid temperature rises as the
Eckert number Ec and slip parameter rises. The
increased dissipative heat induced by higher viscosity
causes a fluid’s temperature to rise. The presence
of Eckert number in nanofluid increases the intensity
of thermal energy production, resulting in better
temperature distributions and hence thicker thermal
layers. The energy caused by frictional heat from
the flow is converted into internal energy inside
the fluid, which is then stored. Also the inverse
relationship between surface slipperiness and fluid
temperature, means raising the slip parameter tends
to raise fluid temperature. As the temperature rises,
the thickness of the thermal boundary layer increases.
As a result, we can deduce that the rate of heat
transmission reduces as the slip parameter increases.
The temperature distribution broadened as the thermal
radiation parameter R is raised is shown in Fig. 3(b).
Physically when radiation parameter Rd is increased,
the fluid discharges heat energy from the flow area,
boosting the temperature of the nanofluid and cooling
the system. A high value for the radiation parameter
contributes more heat to the system, and the thickness
of the thermal boundary layer. The thermal field
increases as κ increases because the mean absorption
coefficient decreases. As a result, heat radiation should
be kept to a bare minimum for a more efficient cooling
process.

According to the Fig. 4(a), Brownian diffusion NB
on a temperature field with simultaneously effect of
slip parameter. Brownian motion is the disordered
movement of suspended particles in a liquid produced
by collisions. The unsystematic movement of

suspended nanoparticles increases as the system’s
internal energy rises, and the thermal field rises as a
result for greater values of Brownian diffusion. Fig. 4(b)
explain the behaviour ofNB with concentration layer. As
Brownian diffusion magnitude grows, the stride during
which nanoparticles move in a random path subject
to varied velocities increases. As a result, higher NB
equals lesser concentration layer and vice versa.

Figs. 5(a-b) presentation is to show how boost the
thermophoretic variable Nt disrupts the temperature
and concentration field. The both field appears to be
higher here due to the larger thermophoretic variable.
Physically the thermophoretic parameter boost the
convection process in the current flow analysis, causing
material elements to migrate from a heated to a cold
surface. Kinetic energy is created when elements
are transferred from one surface to another, and the
temperature field rises as a result. The simultaneous
impact of Schmidt number Sc and velocity slip λ
parameters on the thermal layer and concentration field
depicting in Figs. 6(a) and 6 (b). The temperature profile
increases with increase in whereas opposite behaviour
show in concentration profile. The concentration field
reduced with grow in Sc. The physical significance of
Schmidt’s number As the Schmidt number rises, the
momentum diffusivity rises with it. It dilutes the fluid’s
molecular diffusivity, which decreases the concentration
boundary layer. As a result, the liquid concentration
decreases. In Fig. 7(a) it is observed that when
slip parameter λ increases, the velocity component
near the wall decreases, eventually reaching zero at
the boundary layer’s edges. Therefore, as the slip
parameter increases, the hydrodynamic boundary layer
thickness decreases and the local velocity decreases.
This measure corresponds to the idea that a higher
score means there is more lubrication and slipperiness
on the surface. The slip at the surface wall increases
as the slip parameter increases, resulting in a lower
fluid penetration. When slip is absent,f(0) = 1
and approaches zero. With increasing Biot number
Bi, the thermal boundary layer is observed to be a
significantly growing feature of fluid layers show in
Fig. 7(b). In principle, a larger Bi corresponds to
more convective heating at the sheet, which raises the
temperature gradient. When the temperature differential
is greater, the thermal influence can permeate deeper
into the quiescent fluid. Furthermore, as the Biot
number on the right side of the stretching sheet grows,
the fluid temperature increases, lowering the sheet’s
thermal resistance and increasing convective heat
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transfer Tables 3, 4 elucidate the variation of pertinent
parameters on heat transfer, drag coefficient and mass
transfer. Further a decreasing effects on the local
nusselt number with increasing in Ec,NB and magnetic
field M local Sherwood number increased with these
parameters whereas it both physical quantities show

same effect with rise in Nt. While nusselt number
reinforce with increasing in parameters λ,radiationRd,
Biot number Bi. Also local skin friction coefficient
and velocity profiles decreases with increasing in slip
parameters λ.

Table 2. Comparison of −θ′(0) for different values of Pr while all the other parameters are fixed

Pr Magyari and Keller [47] D.Srinivasacharya1 and P.Jagadeeshwar1 [48] Present result
0.5 0.330493 0.330537 0.330493
1.0 0.549643 0.549643 0.549643
3.0 1.122188 1.122086 1.122089
5.0 1.521243 1.521238 1.521239
8.0 1.991847 1.991836 1.9918390
10.0 2.257429 2.257422 2.2574254

η
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(η
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(b)

Fig. 2. Variation in velocity And temperature profile with different values of M and λ
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R
d
 = 0.1,0.5,0.9

(b)

Fig. 3. Variation in temperature profile with Ec and Rd at different values of λ
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Table 3. The variation of the Nusselt number (Nux), skin friction coefficient (Cfx) and Sherwood number
for different values of M,Rd,W, λ while other parameters remain fixed

2*M 2*λ 2*Rd 2*Bi
NuxRe

−1/2
x - 1

2
Cfx

−1/2
x ShxRe

−1/2
x

0 0.2 0.5 0.2 0.281470 0.979396 -0.038852
0.1 - - - 0.271511 1.001847 -0.034269
0.5 - - - 0.235195 1.083861 -0.017071
0.7 - - - 0.218747 1.121052 -0.009132
0.2 0.2 0.5 0.2 0.261939 1.023443 -0.029795
- 0.4 - - 0.264232 0.810002 -0.043344
- 0.7 - - 0.266164 0.623996 -0.056729
- 1.0 - - 0.267249 0.510861 -0.065875

0.2 0.2 0.1 0.2 0.195584 1.023443 -0.028931
- - 0.3 - 0.228775 1.023443 -0.029435
- - 0.5 - 0.261939 1.023443 -0.029795
- - 0.7 - 0.2950721 1.023443 -0.030055

0.2 0.2 0.5 0.05 0.067253 1.023443 0.089807
- - - 0.1 0.133310 1.023443 0.049222
- - - 0.3 0.386078 1.023443 -0.106043
- - - 0.5 0.621619 1.023443 -0.250682
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Fig. 4. Variation in temperature and concentration profile with NB at different values of λ
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Fig. 5. Variation in temperature and concentration profile with Nt at different values of λ
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Fig. 6. Variation in temperature and concentration profile with NB at different values of λ
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Fig. 7. Fluctuation of velocity and temperature profiles along with variation of parameters λ and Bi
respectively

Table 4. The variation of the Nusselt number (Nux), and Sherwood number for different values of
Nt, NB , Ec, while other parameters remain fixed

2*Ec 2*Nt 2*NB
NuxRe

−1/2
x ShxRe

−1/2
x

0.1 0.2 0.3 0.269495 0.017084
0.3 - - 0.247896 0.030569
0.5 - - 0.225844 0.044336
0.2 0.2 0.3 0.258750 0.023793
- 0.3 - 0.258424 -0.026446
- 0.5 - 0.257734 -0.126245
- 0.7 - 0.256986 -0.225046

0.2 0.2 0.1 0.264615 -0.189596
- - 0.4 0.254912 0.050892
- - 0.6 0.244483 0.078847
- - 0.7 0.237306 0.087354
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Table 5. Nomenclature

quantity Symbol Unit
Ambient fluid temperature T∞ K

fluid temperature T K
Length of sheet L m
Far field velocity U ms−1

Thermal conductivity knf WK−1m−1

Specific heat capacity Cp Jg−1K−1

Density ρnf m−3kg1

Viscosity µnf Nm−2s1

Boltzmann’s constant κ JK−1

Kinematic Viscosity νnf m2s−1

Electrical conductivity σ A2kg−1m−3s3

6 CONCLUSIONS

This study used an exponential stretching sheet with
numerous parameters like Dufour, thermal radiation,
MHD, and Eckart number to observe how they affected
fluid flow, heat and mass transfer profiles, and thermal
convective boundary conditions with the simultaneous
effect of Navier velocity slip. The governing partial
differential equations are simplified using the similarity
transformation and then converted ordinary differential
equations are solved using Matlab’s bvp4c approach.
Due to the complicated nature of the variables impacted
by the controlling factors, the following results are
noteworthy:

• The concentration of nanoparticles is observed
to be a declining function of both the
Schmidt number Sc and Brownian motion NB ,
although the concentration increases when
thermophoretic variable Nt rises.

• The velocity and momentum boundary layer
thickness are reduced for larger values of λ and
magnetic field M .

• The Nusselt number are the decreasing
functions of parameter magnetic field M , Eckert
number Ec and NB but the local Sherwood
numbershow opposite behavior with these
parameters.

• The velocity profile and local skin friction of
nanofluid is reduced due to increasing slip
parameter.

• The impact of the thermal radiation parameter,
magnetic parameter, and Biot number is
magnified, the irreversibility of thermal energy

increases. The Nusselt number intensifies with
radiation parameter Rd, λ and Biot numberBi.
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