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Abstract

In this study, we analyzed the characteristics of heat

transfer in non‐Newtonian ferrofluids produced by

stretchable sheet. Further, we investigated in this

study the effects of Arrhenius activation energy and

magnetic dipole. We use in this study, a similarity

ansatz to simplify the governing system into a

nonlinear coupled ordinary differential equations

system. We determined the computational solution

of the resulting ordinary differential system by

applying method with Runge–Kutta method. The

influence of beneficial physical parameters on

momentum, energy, and concentration profile are

shown through graphs. The major finding of this

study, the variation of velocity field is reduces for the

higher values of M , β, and H . The temperature field

increases for higher values of R, and reduce for Pr .

Further, we conclude in this study the arising or

reducing in the concentration, temperature, and

velocity field for various physical parameters. The

impacts of physical quantities namely skin fraction,

Nusselt, and Sherwood numbers are examined

through numerically via tables.
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1 | INTRODUCTION

The boundary layer fluids are characterized into Newtonian and non‐Newtonian fluids. The
Newtonian fluids in which the stress is linearly proportional to the strain. Such examples of
Newtonian fluids are mineral oil, water, gasoline, organic matter, kerosene, solvents, glycerin,
alcohol, and so on. The boundary layer flow of non‐Newtonian fluids is becoming famous due‐
to the enormous range of uses in industries, manufacturing processes and geothermal
engineering. These applications including in nuclear reactors, metallurgical processes, spinning
of fibers, casting, liquid metals space technology, and crystal growth, and so on. Such examples
of non‐Newtonian fluids models are plastics polymer, optical fibers, hot rolling, drilling mud,
cooling of metallic plates, paper production, and metal spinning. It is a fact that in contrast to
Newtonian fluids, Newtonian (Navier–Stokes equation) fluid flow cannot be expressed by a
single reference equation. This is due to the properties of Newtonian fluid physics. It is due to
the fact of rheological feature of the non‐Newtonian fluids. The non‐Newtonian fluid materials
due to a stretching/shrinking/movable surface/sheet/plates got a huge achievement due to
its large number of applications. The properties of non‐Newtonian can be examined due to its
elasticity, but sometimes rheological properties of fluid are identified by their constitutive
equations. Generally, non‐Newtonian fluids are categorized in three classes such as (i) rate
type, (ii) differential type, and (ii) integral type. Carreau fluid, Maxwell fluid, Oldroyd‐B, and
Burger fluids and Eyring–Powell fluids are the non‐Newtonian fluids. Many authors
investigated the non‐Newtonian fluid different models can be seen in Hamid and colleagues.1–4

Here the focus of this study is to examine the Eyring–Powell fluid.
The Powell–Eyring fluid materials have many benefits in using at low and high shear rates

and they formed a Newtonian fluid via the formulation of kinetic theory. It is an interesting
topic due to the application of non‐Newtonian model in chemical engineering processes.
Further, it suitably covers Newtonian performance at high and low shear rates. Human blood,
ketchup, toothpaste, and so on are examples of Powell–Eyring fluid. Ghaffar et al.5 reported the
computational approaches for the effects of heat convection on Eyring–Powell fluid over a
vertical surface. Powell–Eyring fluid model6–9 is consequent from the kinetic theory of gases
instead of realistic relation as in the case of generalized fluids materials. Eyring–Powell fluid
past a three‐dimensional (3D) stretching surface was presented by Hayat et al.10 Also Hayat
et al.11 presented the impacts of convective boundary conditions and thermal radiation on
Powell–Erying fluid over a moving surface. Najeeb et al.12 expressed the homotopy solution for
Eyring–Powell fluid flow with nanoparticles over a vertical channel. Hina et al.13 analyzed the
effects of viscose dissipation and thermophysical on Powell–Eyring fluid along the curved
channels with nanoparticles. Taseer et al.14 reported the significance of Arrhenius activation
energy on 3D flow of Eyring–Powell fluid with nonlinear thermal radiation. Nisar et al.15

illustrated the activation energy in heat and mass transfer of Eyring–Powell fluid along the non‐
linear stretching sheet. The non‐linear thermoradiation heat flux in time‐dependent flow of an
Eyring–Powell fluid with variable thermophysical effects were reported by khatshwa et al.16

The numerical approximation for stratified magnetic field flow of a non‐Newtonian fluid over
the included stretching surface was computed by Bilal et al.17

Heat and mass transfer got attention due to a wide range of applications in chemical
industries and many manufacturing processes. For example, space heating, air conditioning,
control generation, and refrigeration are well‐known applications in engineering. Moreover,
this type also includes the transport of certain drugs spread in food processing, distillation, oil
distribution, and transport phenomena in the blood (drug delivery) found in many processes.
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These applications motivate engineers and scientists to examine heat and mass transfer
phenomena theoretically and experimentally. Numerous investigations on mass transfer also
establish in living matter phenomena, like sweating, respiration, and nutrition, and so on.
There have been studied in the past highlighting role of chemical reaction in mass transfer
phenomena see in Bilal et al. and colleagues.18–21 and has a variety of uses in nuclear reactor
cooling, thermal oil recovery, geothermal reservoirs, and chemical manufacturing industries.
Chin et al.22 analyzed 3D Fourier heat flux in rotating magnetic field flow of a Maxwell fluid
under the impacts of the binary chemical reaction and activation energy. The numerical
approaches for the heat transfer phenomenon of Al O ‐H O2 3 2 nanofuid was investigated by
Sheikholeslami et al. and colleagues.23–25 By applying the Galerkin finite element analysis of
the effects of change in temperature and diffusion on steady flow of Casson fluid was calculated
by Qureshi et al.26 Sheikholeslami et al.27–29 utilized the application of heat transfer behavior of
nanoparticle and PCM solidification through an enclosure with thermal energy storage. The
heat and mass transfer phenomena on the magnetohydrodynamic (MHD) flow of viscoelastic
fluid, over a stretching surface along with Soret and Dufour were studied by Rashidi et al.30

The investigation of chemically reacting processes includes the species of chemical
reactants with activation energy, for example invoking in oil reservoir engineering, geothermal,
and oil in water emulsions. The relations between chemical reactions and mass transport are
commonly very complex and can be observed in the manufacture and consumption of reactant
species at different rates in the fluid mass transfer. The initial study of binary chemical reaction
and the activation energy was analyzed by Bestman31 he also presents the perturbation
approaches for the effects natural convection in a porous medium. The activation energy effects
on time heat transfer in the rotating flow were presented by Shafique et al.32 The characteristics
of activation energy on the rotating mass transfer in time‐dependent flow was reported by
Awad et al.33 The activation energy in Newtonian and non‐Newtonian see in Kishan et al. and
colleagues.34–36

Ferrofluids are colloid materials which are prepared by the suspension of ferromagnetic
particles in a nonconducting carrier fluids with low viscosity. Initially ferromagnetic fluids
are invented by Stephen37 in 1965. Without the magnetic force these fluids have properties
like usual liguids. Ferromagnetic fluids have a remarkable application in chemical
industries and modern technology. Some application of these fluids which is in
electromechanical devices as commercially, for example, for instance, electric engines,
transformers, generates rotating X‐ray tubes, hard disks, electromagnets, generators, cure
arthritis, spondicitis, gout, headaches and hoarding (recording procedures and hard plats),
which is used in biological sciences. The combined impact magnetic field and thermal
radiation on the viscose flow of ferrofluid were reported by Neuringer et al.38 The
approximate solution for the effect of the magnetic dipole on ferrofluid over a stretching
surface are analyzed by Sharma et al.39 heat transfer phenomena and magnetic dipole in a
ferrofluid flow over a stretching surface was identified by Majeed et al.40 The combined
effects of magnetic dipole and stratification on ferrofluid with stagnation point over a
stretching sheet were reported by Noor et al.41 Nonlinear thermal radiating flow of
ferrofluids over a moving plat with magnetic dipole effects was identified by Ali et al.42

Sajjad43 reported the effect of the magnetic dipole on a non‐Newtonian fluid and heat
transfer over a stretching surface with Ohmic Dissipation effects. Shehzad et al.44 identified
the analysis of Cattaneo and Christov heat flux in ferromagnetic fluid with titanium no‐
particles effects. The related work of ferrofluid can be seen in Nadeem and colleagues.45–51
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The above literature review is to insure, the aims of current works to present the influence
of the magnetic dipole and variable thermal conductivity on the non‐Newtonian ferrofluids
by considering permeable stretching sheets. As we know that the analytic solution to these
kinds of fluid flow problems is not possible, we approximate this numerically. There are
various transformations used for fluid flow problems such as scaling group transformations,
similarity transformations, and Lie's group transformation. Here in this study we used the
similarity transformation to transform the governing model to a coupled nonlinear ordinary
differential equations (ODEs) system. We solve the resulting nonlinear ODEs solved by
shooting method with RK‐method.

2 | MATHEMATICAL MODEL

Considering two‐dimensional (2D) flow Eyring‐Powell ferrofluids with heat and mass transfer
over a stretching surface under the effects activation energy. Further, we take the effects of
magnetic dipole and variable thermal conductivity. The sheet is to be considered along with
x y( , ) with the velocity component u v( , ) respectively, it is taken into account normal to
the surface seen in Figure 1. Here place a magnetic dipole with the center y‐axis by the
displacement γ1 from the sheet. The magnetic dipole is assumed along the positive x‐axis. The
magnetic field strength is arising because of leading the magnetic dipole is situated to
ferrofluids. Here consider the nonuniform temperature at the surface represent by Tw and Tc
represent the Curie temperature, whereas the fluid element are considered to be the ambient
temperature ∞T T=c . So it is unable to magnetize until they start to cool upon entering the
surface of the boundary layer region.

The consideration of the rate process is to determine the non‐Newtonian flow of an Eyring
Powell model (1994) is to investigate. Hayat et al.10,11 also considered the shear stress of an
Eyring Powell fluid model as follows

∂
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∂

∂
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

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u
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FIGURE 1 Geometrical configuration, the circles configure the magnetic dipole
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where μ is taken for viscosity, Γ and b are the fluid materials parameters. We use the second
order approximation as follows
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(2)

by implementing the above assumption and the boundary layer approximation to the governing
fluid model35,52,53 (Eyring–Powell fluid ferrofluid with heat and mass transfer under the effects
magnetic dipole) are stated from Equations (3) to (6) as follows:
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2

2 2 (6)

here in an above calculation u v( , ) are represent the velocity components along the x y( , ) axis
respectively, while C T ρ, , , are taken for the concentration, temperature, density of the base
fluid. Further μ μ k k, , , ando r are taking for dynamic viscosity, magnetic permeability, thermal
conductivity and chemical reaction parameter respectively, subjected to the boundary
conditions


∂

∂

→
∂

∂
→ → → → ∞∞ ∞
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w w c w
1

2

(7)

The thermal radiation term in Equation (5) is obtained in Rosseland54 as

∂

∂
q

ς

d

T

y
˜ = −

4

3 *
.r

4

(8)

Here d* denotes mean absorption coefficient and ς specifies the Stefan Boltzman constant.
Assume that the relation between of the fluid temperature and the fluid temperature far away
from the surface is considered to be a linear function. By using Taylor expansion ofT4 about ∞T

we obtained
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≈ ∞ ∞T T T T4 − 3 ,4 3
(9)

substituting Equation (9) in (8) we get,

∂

∂
∼

∞q
ς

d
T

T

y
=

4

3 *
.r

3
(10)

The Arrhenius term in Equation (6) was analysed by Arrhenius35,55
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Γ = ( − ) exp

−
,

n

2

where ς = 8.61 × 10 eV−5 is assigned for Boltzmann constant, while n stands for unit less
exponent fitted rate parameter which generally lies in the range n(−1 < < 1) and E is
assigned for activation energy.

3 | MAGNETIC DIPOLE

The influence of magnetic dipole by the effects of magnetic field. Some variation can be
prescribed by the well‐known function so‐called a magnetic scalar potential can be seen
Neuringer and colleagues,38,40,56 it can be formulated as

γ

π

x

x y γ
Φ =

2 + ( + )
2

2
1

2 (11)

here γ2 represents the strength of the magnetic field, x and  are assigned for the magnetic
field intensity along the x y( , ) axis, it can be written as


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Generally is known as the magnetic body force which is gradient of magnetic field, it can
be formulated as
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∂
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invoking Equation (11) and (13) in (14), it gives as follows

∂
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γ

π

x

y γ
= −

( + )
,2

1
4 (15)
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∂

∂







y

γ

π

x

y γ y γ
=

2

( + )
−

1

( + )
,2

1
5

1
3 (16)

Consider the magnetization as a linear relation the temperature it is given by

 K T T= ( − ).p c (17)

The physical and geometrical representation of the ferrofluids is shown in Figure 1.

4 | SIMPLIFICATION OF THE PROBLEMS

By introducing the dimensionless variables as follows:

∞
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here the dimensional coordinates are defined as

ζ x x
ρN

μ
η y

ρN

μ
= , = , (19)

where φ η ζ( , ) , η ζϑ( , ), and  η ζ( , ) the dimensionaless stream function, pressure, and
temperature, respectively. The velocity is expressed as
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by using the similarity transformation (18)–(20) and (11)–(17) in (3)–(6) it reduced to highly
nonlinear ODEs which is defined as
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the boundary and initial condition become
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1 2

1 2 1 1
(22)

in the above calculation f ϕ′, ϑ ,1 are represent the dimensionless form of the velocity,
temperature, and concentration, respectively. Further β, ϵ, and λ1 are represent magnetic
dipole parameter, is the Curie temperature parameter and viscous dissipation parameter,

respectively. K =r
k

a
o is parameter of reaction rate and
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ϱ be the curvature parameter.

The skin fraction coefficient Cf and Nusselt number Nux are expressed as following:

∞








C
τ

u

Nu
xq

κ T T

=
ϱ( )

,

=
˜

( − )
.

f
w

w

x
w

w

2

(23)

Here qw is the heat flux, τw represents the skin friction along the sheet and jm is the mass
flux from the surface and are given as follows. On the MHD and slip flow over a rotating disk
with heat transfer

∂

∂

∂

∂

∂

∂

∂

∂

∼


















 


























τ μ
b

u

y b

u

y

q κ
T

y

q

y

= 1 +
1

Γ

ˆ
+

1

Γ

ˆ

= − −͠

w

y

w
r

y

6

3

=0

=0

(24)

here q͠m and uw are defined as heat transfer and for wall shear stress, respectively.
The quantities defined in Equation (16) are transformed into dimensionless form as follows:

∼














( )

C Re H f
Hλ

f

Nu

Re
R ζ

= (1 + ) ″(0) −
3

( ″(0)) ,

= − 1 +
4

3
ϑ (0) + ϑ (0) .

f x

x

x

3

1
′ 2

2
′

(25)
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5 | SHOOTING METHOD FOR THE PROPOSED SOLUTION

The shooting method is a numerical technique, generally, it is used for the solution of
nonlinear boundary value problem. Further detail can be seen in the book Esfandiari.57

Equation (21) is the system of nonlinear coupled ODE's of order three in g η( ) , order two in
ηϑ( ) and order two in ϕ η( ) respectively. The rearranging of the Equations (21) with boundary

condition in Equation (22) will take the following form:

































( )

( )

f

ff f
β

α η

H Hf

f ff
β

α η

β

α η

β

α η

Pr f f f
βλ

α η

R

Pr f f f
βλ

α η
λ β

f

α η

f

α η

R

ϕ Scfϕ ScKr δ λ
E

δ λ
ϕ

‴ =

″ − + 2 −
2 ϑ

( + )

( + 1) − ß
,

= ″ + ′ +
2 ϑ

( + )
,

=
2 ϑ

( + )
−

4 ϑ

( + )
,

ϑ = −

ϑ − 2 ′ϑ + 2
(ϑ − ϵ)

( + )

(1 + )
,

ϑ = −

ϑ − 4 ′ϑ + 2
(ϑ − ϵ)

( + )
+ (ϑ − ϵ)

2 ′

( + )
−

4

( + )

(1 + )
,

″ = −( ′ − (1 + (ϑ + )) exp
−

(1 + (ϑ + ϑ ))
,n

′2
2

1

2

″2

1
′ 1

3

2
′ 1

3

1

5

1
″

1
′

1
′ 1 1

3

2
″

2
′

2
′ 1 2

2
3 1 1 3 5

1 1
1 1 2

(26)

To compute this system we need to transform these coupled ODE's into a system of
nonlinear first order ODE's. For this we defined these new variables as follow

 

f u f u f u f u

u u u u u u

u u ϕ u ϕ u ϕ u

= , ′ = , ″ = , ‴ = ,

ϑ = , ϑ′ = , ϑ = , ϑ = , ϑ′ = , ϑ = ′,

= (8), = (9), = , ′ = and ″ = ′ .

1 2 3 3′

1 4 1 5 1
″

5′ 2 6 2 7 2
″

7

2
′

1
′

10 11 11

(27)

By using these we obtained the following nonlinear first‐order ODE's system
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

























u u

u u

u

u u u u
βu

α η

H Hu

u u

u

Pr u u u u u
βλ u

α η

R

u u

u

Pr u u u u u
βλ u

α η
λ β u

u

α η

u

α η

R

u u u u
βu

α η

u
βu

α η

βu

α η

u u

u Scu u ScKr δδ u λ u
E

δ u λ u
u

′ = ,

′ = ,

′ = −

− + 2 −
2

( + )

( + 1) − ß
,

′ = ,

′ = −

( − 2 ) + 2
( − ϵ)

( + )

(1 + )
,

′ = ,

′ = −

( − 4 ) + 2
( − ϵ)

( + )
+ ( − ϵ)

2

( + )
−

4

( + )

(1 + )
,

= + +
2

( + )
,

=
2

( + )
−

4

( + )
,

′ = ,

′ = −( − (1 + ( + )) exp
−

(1 + ( + ))
,n

1 2

2 3

3

1 3 2
2

8
4

2

3
2

4 5

5

1 5 2 5 1
1 4

3

6 7

7

1 7 2 7 1
1 6

2
3 1 4

2

3

1

5

9 3 1 2
4

3

8
4

3

4

5

10 11

11 1 11 6 1 4
6 1 4

10

(28)

In these calculations, the prime indicate the derivative and the transform boundary conditions
are given as

→ ∞∞

u u u S u u S u

u S u S u S u u S η

u u u u u P u η

= 0, = 1, = , = 1, = = 0,

= , = , = , = 1, = at = 0

= 0, = 0, = 0, = 0, = − and = 0 at .

1 2 3 1 4 5 2 6

7 3 8 4 9 5 10 11 6

2 4 6 8 9 11

(29)

To evaluate the solution of these seven ODE's system equation (29) with boundary
conditions by shooting method, we need 11 initial guesses whereas five of them are given and
the other six initial guesses u η u η( ), ( )2 4 , u η( )6 , u η( )8 , u η( )9 , and u η( )11 are defined as → ∞η .

TABLE 1 Validation for ϑ (0)1
′ at H = 0.0, R β= = ß= 0 for Pr with the published work

Pr Majeed et al.52 Chen58 Present work

0.72 1.0885 1.08862 1.0886

1.0 1.3333 1.3333 1.3333

3.0 2.5097 2.50972 2.5095

10.0 4.7968 4.79682 4.7943
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Hence it is considered that u u u u u u q q q q q q( (0), (0), (0), (0), (0), (0)) = ( , , , , , )3 5 7 8 9 11 1 2 3 3 5 6 .
These unknown six initial guesses q q q q q q( , , , , , )1 2 3 3 5 6 are computed by Newton's iterative
scheme through Runge Kutta‐method (RK‐45). The main step of this numerical solution to
select the suitable finite boundary conditions. The step size and convergence criteria are
taken h = 0.02 and TOL = 10−5 respectively, for our numerical solution.

FIGURE 2 Characteristics of β for the velocity distribution f ′

FIGURE 3 The resullt of H on f η′( )
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6 | VALIDATION OF THE NUMERICAL SOLUTION

In this section, we validate our numerical results with the previously published work. The
comparison of ϑ (0)1

′ is show in Table 1 and we found a good agreement between these two
methods. We have to evaluate the accuracy of the current method. For this we computed the
different values of Pr . We used a shooting method programming in MATLAB with step size
h = 0.02 to get the velocity concentration and temperature profiles.

FIGURE 4 The result of ß on f η′( )

FIGURE 5 The distribution of ηϑ( ) for β
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7 | RESULTS AND DISCUSSIONS

In this section, we solved the governing Equations (13)–(15) with shooting method. Here we
took h = 0.002. The tolerance for the convergence has been taken TOL = 10−5. Moreover,
we compared the current result with the previously published work see in Table 1. We present
the characteristics of parameters involved in Equations (13)–(15). The characteristics of
velocity, temperature, and concentration are presents through Figures 2–14. Also the
computational result of the skin fraction, heat and mass transfer rate are presented thorough
Table 2.

FIGURE 6 The gradient of ηϑ( ) for Pr

FIGURE 7 The impact of R for ηϑ( )
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The characteristics of ferromagnetic in this model is assumed the dimensionless distance at
the center of magnetic dipole and the interaction of ferromagnetic parameter β which is shown
in Figure 2. The physical reason behind that it is interaction in the external magnetic dipole
and the fluid motion because of the dipole. An arising in the ferromagnetic parameter β have
flattening the axial velocity f η′( ) . It is fact that the basically.

Figure 3 represents the velocity field for (material fluid parameter H). It represent increases
the variation of velocity profile by enlarge the values of H . Figure 4 demonstrates the velocity
profile for ß . Clearly it is seen that the impacts for ß on the velocity field increases both the
film thickness.

FIGURE 8 The distribution of ηϑ( ) for λ1

FIGURE 9 Concentration distribution ϕ for Kr . ϕ η( )
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Figure 5 represents the characteristics of β on the temperature distribution. Here increase
occurs in temperature field for higher values of β. This is due to the interaction in the action of
ferromagnetic field and the motion of the fluids. Reduces occurs in this interaction for velocity
filed there by arising the fractional heating in the boundary layers, therefor increases occurs in
the thickness of thermal boundary layer.

Figure 6 represents the characteristics of the temperature for the higher values of (Prandtl
number Pr). This is due to, the fluid contains a small values of Pr have a high thermal
diffusivity. Figure 7 in made for temperature field with the unlike numbers radiation parameter

FIGURE 10 The impact of n for ϕ

FIGURE 11 The characteristics of Sc for the distribution of ϕ η( )
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R. If we increase the values of R then the temperature profile increases. This increase occurs
due to the increase in temperature ∞T

3 in radiation.
Figure 8 demonstrates the characteristics of λ1 on temperature field. It is seen that from this

figure the reduces the temperature by enlarging the values of λ1. The physical facts behind
the extraordinary characteristics of ferrofluid. However, this is contrary in the case of
hydrodynamic (β = 0) whereas is an arising in the values of λ1 represents an arises occur in
temperature field near to the boundary layer region by enlarging the values of λ1.

FIGURE 12 The properties of E for the gradient of ϕ η( )

FIGURE 13 The impact of Dt on concentration field ϕ eta( )
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FIGURE 14 The properties of δ for the gradient of ϕ η( )

TABLE 2 The properties of ‐ f θ″(0), − (0)1
′ and ϕ′(0) for λ Pr,1 , β, R E δ Kr H α, ß, , , , , , and Dt

Pr β λ1 R ß E δ Kr H α Dt f″− (0) ϑ\ _1(0) ϕ (0)

1 2 1 1 0.1 0.2 1 0.2 1 1 0.5 1.0441 1.3485 0.43269

1.3 1.0446 1.4716 0.43663

1.6 1.4580 1.5820 0.43962

1.5 1.0141 1.3629 0.43485

2.0 1.0441 1.3485 0.43269

2.5 1.0725 1.3342 0.43059

1 1.0441 1.3485 0.43269

1.3 1.0328 1.4632 0.40328

1.6 1.0218 1.5859 0.04291

1 1.0441 1.3485 0.43269

1.3 1.3970 1.2286 0.43041

1.6 1.0355 1.1310 0.42508

0.2 1.0141 1.3629 0.43485

0.3 1.0290 1.3600 0.45234

0.4 1.0643 1.3538 0.43234

0.2 1.0441 1.3485 0.43269

0.4 1.0441 1.3485 0.45099

0.8 1.0643 1.3538 0.48060

(Continues)
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Figure 9 represents the characteristics of concentration gradient for the (chemical reaction
Kr). Here reduces occurs in concentration gradient for the improving numbers of Kr . Here it is
observed that decreases the concentration field by the higher number of Kr . Figure 10 reports
the distribution of concentration field for fitted rate constant n. The result has shown that,
reduces occur in concentration field due to the improving values of fitted rate constant n.
Figure 11 designates the concentration gradient for higher values of Sc. The results show that
the concentration profile is decreases for by enlarging the values of Sc. Figure 12 demonstrates
the influence of (activation energy E) on concentration field ϕ. Here it is seen that the
concentration field is improving for higher valves of E. Figure 13 is plotted the characteristics of
concentration field for unlike vales of Dt . It is noted that the concentration field arising by
higher values of Dt . The properties of (temperature difference parameter δ) on concentration
field are shown in Figure 14. Here the result has shows that the reduces occurring in
concentration field by larger values of δ.

Table 2 presents the properties of Sherwood numbers, Nusselt numbers, and skin fractions
for different physical parameters. Skin friction increases for the higher values of of H and λ1.
Skin friction is reduced for larger values ß and β. Nux increases for higher values of H , Rα, and
ß . Nux Nusselt number is reduced for higher values of R, Pr , and λ1. The Sherwood number
steps up by higher values of Kr , δ, Dt , and R. Sherwood numbers Shx are reduced for the higher
values of αHPr , λ1, and E.

8 | CONCLUSIONS

In this study we analyzed the effects of activation energy in Eyring–Powell ferrofluid fluid
in the existence of magnetic dipole. Further, the impacts of thermal radiation, variables of
thermal conductivity, and mass convective boundary conditions are analysed. Here we
transformed the governing model into a nonlinear coupled ODEs by using similarity

TABLE 2 (Continued)

Pr β λ1 R ß E δ Kr H α Dt f″− (0) ϑ\ _1(0) ϕ (0)

1.0 1.0441 1.3485 0.48298

2.0 1.0441 1.3485 0.43269

3.0 1.0643 1.3538 0.38492

0.0 1.0441 1.3485 0.57730

0.2 1.0441 1.3485 0.48298

0.4 1.0643 1.3538 0.29763

1.0 1.0441 1.3485 0.43269

1.5 0.9204 1.4141 0.44905

2.0 8.3114 1.4663 0.46071

1.0 1.0441 1.3485 0.43269

1.5 0.9624 1.3865 0.43772

1.8 0.9445 1.3944 0.39010
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transformation. We determined the computational solution of the transform ordinary
differential system by applying the shooting method with RK‐45. The characteristics of
(concentration, temperature, and velocity) profiles for various physical parameters
are presented through graphs. The behavior of the Sherwood numbers, heat transfer rate,
and skin friction coefficients are displayed in tables. In this article, we conclude the
following facts.

• The reduction occurs in velocity field f (0)′ by enlarging values of β, H and M .
• There is an increase in temperature gradients ηϑ ( )1 by the higher values of R and H .
• There are decreases occurring in temperature gradients θ η( ) with higher values of Pr .
• There is an increment in concentration field ϕ η( ) for higher values of E .
• There is an increases the concentration field ϕ η( ) for larger values of Sc, Kr , n, and δ.
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