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Abstract
This study article addressesthe flow and heat transfer
characteristics of a magnetite Fe3O4 micropolar ferrofluid flow past a stretching sheet. For practical
interest, thermal radiation, Newtonian heating, and a
heat source or sink are considered in this investigation.
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A useful Tiwari‐Das nanofluid model is considered to
analyze the microstructure and inertial characteristics of
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the water‐based nanofluids containing iron oxide. The
dimensionless nonlinear ordinary differential equations
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are solved by employing suitable similarity variables.
The resulting nonlinear system is solved by the spectral
quasi‐linearization method. The effects of different
nondimensional parameters on various profiles are
shown graphically and explored in detail. It is found
that the micropolar ferrofluid exhibits a higher energy
distribution than that of a classical micropolar fluid.
Compared to the classical micropolar liquid, local skin‐
friction is more significant for the micropolar magnetite
ferrofluid. In the presence of Newtonian heating, the
thermal behavior of the micropolar nanofluid is
remarkably better than that of the classical micropolar
fluid.
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INTRODUCTION

Nanofluids attract many researchers due to their significant impact on the thermal systems.
Thermal conductivity of poor heat transfer fluids such as water, ethylene glycol, and industrial
oils can be considerably improved by adding nanoparticles. The revolutionary concept of a
nanofluid was first presented by Choi.1 The nanofluid models fashioned by Buongiorno2 and
Tiwari‐Das3 are widely used by researchers to examine the behavior of nanofluids.
Buongiorno’s nanofluid model is primarily concerned with the effects of Brownian motion
and thermophoresis. Tiwari‐Das nanofluid model is specifically employed to analyze the
thermal transport properties of nanofluids. The size of nanoparticles is considered to be
homogeneous in this model, and the results are in terms of the volumetric fraction of
nanoparticles. Makinde and Aziz4 performed numerical analysis on two‐dimensional nanofluid
flow due to a linearly stretching sheet. Rashidi et al5 studied the analytical solution for
nanofluid flow over a horizontal surface. Subsequently, Aghamajidi et al6 formulated the
Tiwari‐Das nanofluid model to study the natural convective flow of a nanofluid with the
magnetic field. Recently, Goyal and Bhargava7 considered the nanofluid model, which includes
Brownian motion and thermophoresis, to analyze the MHD nanofluid flow over an inclined
plate. Chamkha et al8 developed a mathematical model to discuss the effects of suction and slip
mechanism on water‐based nanofluid boundary layer flow past a moving surface. Valuable
articles about flow, thermal behavior, and various industrial applications of nanofluid are
discussed in Refs.9-21
Investigation on micropolar fluids has attracted various researchers because of its wide range
of applications in manufacturing and industrial areas. The micropolar fluid analysis examines the
flow characteristics of colloidal suspensions, liquid crystals, filthy oils, and blood. Classical
nanofluid models fail to describe the microscopic characters arising from the microrotation
and local structure of the fluid elements of a specific group of fluids (Hussanan et al22). The
proposed micropolar fluid model includes microrotation as well as microinertia effects. Compared
to Newtonian fluids, micropolar fluids display better resistance to fluid motion. Eringen23
summarized the properties and performance of micropolar fluids extensively. Lukaszewicz24
published a comprehensive analysis of micropolar fluids and their applications. Chiam25
presented a comprehensive analysis of micropolar fluids. Chiu and Chou26 considered free
convective micropolar fluid flow past a vertical sheet. They concluded that when there is an
increase in a micropolar fluid parameter, a significant decrease in the local heat transfer rate is
observed. This model is more precise than the Navier‐Stokes calculation to define the motions of a
wide range of complex fluids mentioned above. Ashraf et al27 conducted a numerical analysis of
MHD non‐Newtonian micropolar fluid flow. Turkyilmazoglu28 studied the micropolar fluid flow
past a porous stretching surface. Hayat et al29 examined MHD convective flow of ferrofluid past a
nonlinear stretching curved sheet. Eid and Mahny30 studied the nanofluid flow past over a
nonlinearly stretching sheet with heat generation/absorption. Qasim et al31 analyzed the
influence of Newtonian heating on the local heat transfer rate with the micropolar fluid flow past
a stretching sheet. Gangadhar et al32 discussed the micropolar model for nanofluid flow in the
presence of magnetic field and Newtonian heating. Hamzeh et al33 considered two types of oxide
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nanoparticles in two different types of base fluids and examined the microrotation and
microinertia characteristics of nanofluids. Swalmeh et al34 used the micropolar nanofluid model
and studied the microstructure and inertial effects. Hussanan et al35 described the microrotation
and microinertia characteristics of nanofluids by the analytical method. Some more essential
studies about the significance of micropolar fluids are in Refs.36-38 The Newtonian heating process
has a significant impact on thermal convection flows such as heat transfer around fins, solar
radiation, the oil extraction process, and so forth. The influences of Newtonian heating on the
stretching surface have been reported by many researchers.39-42
Boundary layer flow problems with thermal radiation effects have many significant
applications in alternative energy systems, enhancement of energy harvesting, solar thermal
energy, chemical engineering, thermal engineering industries, and environmental studies. The
similarity solutions of convective flow along with thermal radiation are obtained by Kaladhar
et al.43 Sengupta and Shadap44 examined the fluid flow past a stretching sheet with Newtonian
convective heat and mass conditions. Mohyud‐Din et al45 investigated the micropolar nanofluid
flow with radiation by employing similarity solutions. Some more recent studies on thermal
radiation are reported in References.46-56
The above literature motivated the authors to analyze the thermal transport behavior of the
micropolar ferrofluid flow past a stretching sheet with a useful Tiwari‐Das nanofluid model. In
this study, the base fluid is water, and iron oxide is considered as a nanoparticle. The
mathematical analysis is carried out by taking into account the Newtonian heating, thermal
radiation, and heat source/sink. The inclusion of these phenomena enriches the present
analysis and exposes how these effects significantly affect the behavior of micropolar ferrofluid
and also complement earlier studies. The system of ordinary differential equations is obtained
by similarity solutions. The numerical results with the desired level of accuracy are obtained by
using the spectral quasi‐linearization method.
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M A T H E M A T I C A L MO D E L

Consider a steady incompressible boundary layer flow past a stretching sheet, as presented in
Figure 1. The laminar, two‐dimensional flow of iron oxide in water (base fluid) past a stretching
sheet is taken for examination. Assume a transverse magnetic field acts perpendicular to the

FIGURE 1

Physical model and geometry of the problem [Color figure can be viewed at wileyonlinelibrary.com]
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surface. The velocity components u, v are considered along with x and y directions. The
stretching sheet velocity is assumed as u w (x ) = ax .
It is assumed that there is a thermal equilibrium between water and iron oxide nanoparticles.
Another important assumption is that there is no slip between them. Based on these assumptions
and following Tiwari and Das,3 the governing equations can be expressed as (Hussanan et al22).
∇ ⋅ V = 0,

(1)

⎛ dV ⎞
ρnf ⎜
⎟ = −∇P + (2μ nf + κ ) ∇ (∇ ⋅ V ) − (μ nf + κ ) ∇ × (∇ × V )
⎝ dt ⎠
+ κ (∇ × N̄ ) + J × B + ρnf b,

(2)

⎛ dN ⎞
ρnf (J ) ⎜
⎟ = (Φ + λ + γnf ) ∇ (∇ ⋅ N ) − (γnf ) ∇ × (∇ × N ) + κ (∇ × V ) − 2κN + ρnf I ,
⎝ dt ⎠

(3)
where V and N are velocity and microrotation (gyration) vectors, b and I are the body
μ
force and body couple per unit mass vectors, μ nf = (1 − nfφ)2.5 is the effective dynamic viscosity,
ρnf = (1 − φ) ρnf + φρs denotes the ferrofluid’s effective density (Hussanan et al22 and Pak
κ
and Cho57), γnf = (μ nf + 2 ) J is the spin gradient viscosity correlation (Bourantas and
37
Loukopoulos ). For incompressible flow, by neglecting external forces (gravitational and
body couple) and using mass conservation, Equations (1) to (3) become
∇ ⋅ V = 0,

(4)

⎛ dV
⎞
+ (V . ∇) V ⎟ = (μ nf + κ ) ∇2 V + κ (∇ × N ) + J × B ,
ρnf ⎜
⎝ dt
⎠

(5)

⎛ dN
⎞
ρnf J ⎜
+ (N ⋅∇) N ⎟ = γnf ∇2 N + κ (∇ × V ) − 2κN ,
⎝ dt
⎠

(6)

where J × B = −σnf B02 V̄ is the Lorentz force (Hussanan et al52),
3(σ − 1) φ
σ
σnf = [1 + (σ + 2) − (σ − 1) φ ] σf , σ = σs is the ferrofluid electric conductivity (Sheikholeslami46).
f
By employing the boundary layer and Rosseland’s approximations (Magyari and
Pantokratoras58), Equations (1) to (3) are given by

u

⎛ ∂u
∂u ⎞
∂ 2u
∂N̄
ρnf ⎜u
+ v ⎟ = (μ nf + κ ) 2 + κ
− σnf B02 u,
∂y ⎠
∂y
∂y
⎝ ∂x

(7)

⎛ ∂N̄
⎛
∂N̄ ⎞
∂2N̄
∂u ⎞
ρnf J ⎜u
+v
− κ ⎜2N̄ +
⎟ = γnf
⎟,
2
∂y ⎠
∂y
∂y ⎠
⎝ ∂x
⎝

(8)

3 ⎞ 2
16σ *T∞
∂T
∂T
∂T
1 ⎛
Q0
+v
=
(T − T∞),
⎜Knf +
⎟ 2 +
∂x
∂y
(ρCp)nf ⎝
3k * ⎠ ∂y
(ρCp)nf

(9)
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k nf
= ks + 2kf + φ (k f− k s)
kf
s
f
f
s
φ (ρCp)s + (1 − φ)(ρCp) f
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is the thermal conductivity of the ferrofluid (Yacob et al20);

indicates the ferrofluid’s specific heat capacity (Khan et al21).
Cp .nf =
ρnf
The associated boundary conditions have the form
At y = 0, u = u w (x ) and v = 0; u → 0 as y → ∞.

(10)

∂u
At y = 0, N¯ = −δ ; N¯ → 0 as y → ∞.
∂y

(11)

At y = 0, −

∂T
= hs T ; T → T∞ as y → ∞,
∂y

(12)

where δ is the boundary parameter δ (0 ≤ δ ≤ 1). That is, δ = 0 corresponds to the maximum
1
density of the particle, δ = 2 represents a weak concentration of microelement and δ = 1 refers
turbulent flows. The heat transfer coefficient is denoted as hs.
Consider a set of suitable similarity transformations, as follows, to obtain the transformed
equations;
ς=y

a
a
T − T∞
, u = axl′(ς ), v = − aυf l (ς ), N¯ = ax
m (ς ), β (ς ) =
.
υf
υf
Tw − T∞

(13)

The reduced equations and boundary conditions are of the form:
H2 l‴ + H3 ll″ − H3 l′2 − MH4 l′ + Km′ = 0,

(14)

H4 m″ + H3 lm′ − H3 l′m − K (2m + l″) = 0,

(15)

H6 β″ + H7 lβ′ + Qβ = 0,

(16)

At ς = 0; l (ς ) = 0, l′(ς ) = 1, m (ς ) = −δl″(ς ), β′(ς ) = −γ (1 + β (ς )).

(17)

As ς → ∞; l′(ς ) → 0, m (ς ) → 0, β (ς ) → 0,

(18)

where
⎛
ρs ⎞
3(σ − 1) φ
1
⎜
⎟ , H4 = 1 +
,
,
=
+
,
=
1
−
+
H
H
K
H
φ
φ
2
1
3
+
2 − (σ − 1) φ
σ
(1 − φ)5/2
ρ
⎝
f⎠

H1 =

1

H5 = H1 + K /2, H6 =
Pr
K=

(

k s + 2k f − 2φ (k f − k s )
k s + 2k f + φ (k f − k s )

+R

)

, H7 = 1 − φ + φ

(ρCp)s
(ρCp) f

, M=

σf B02
,
aρf

3
υf
(ρCp) υf
16σ *T∞
υf
Q0
κ
, J = , Pr =
, Q=
, R=
, γ = hs
,
3k *k f
a
kf
ρf a (Cp) f
a
μf

Cfx =

⎤
⎛ ∂T ⎞
1 ⎡
−x
∂u
(μ + κ )
+ κN¯ ⎥ , Nu x =
⎜ ⎟ .
2 ⎢ nf
⎦ y =0
(Tw − T∞) ⎝ ∂y ⎠ y =0
∂y
ρnf u w ⎣

(19)

GANGADHAR

|

ET AL.

843

Using similarity variables on Equation (19), we obtain the local skin friction coefficient and
the local Nusselt number Nu x as follows:

Cfx =

where Rex =

3

|

1

(

ρ

Re1/2
1 − φ + φ ρs
x

ax 2
υf

f

)

⎡
⎤
β′(0)
1
+ (1 − δ ) K ⎥ l″(0), Nu x = − −1/2 ,
⎢
5/2
⎣ (1 − φ)
⎦
Re x

(20)

is the local Reynolds number.

SPECTRAL QUASI ‐L I N E A R I Z A T I O N ME T H O D

The transformed nonlinear ordinary differential Equations (14) to (16) with boundary
conditions (17) to (18) are numerically solved by the spectral quasi‐linearization method. An
outline of the solution procedure is given in this section. The quasi‐linearization technique
was developed and introduced by Bellman and Kalaba.59 This technique is a generalization of
the Newton‐Raphson method.
At the (r + 1)th iteration, initial stage solutions of lr , mr , and βr of (14) to (16) are presumed
to be as lr +1, mr +1, and βr+1. Nonlinear components of the reduced form of the set of equations
are linearized by using one‐term Taylor series, as given below:
H2 lr‴+1 + a1, r lr″+1 − MH4 lr′+1 + Kmr′+1 = R1, r ,
−Klr″+1 − b1, r lr′+1 + b2, r lr +1 + H5 mr″+1 − 2Kmr +1 = R2, r ,

(21)

c1, r lr +1 + H6 βr″+1 + Qβr +1 = R3, r ,

where
a1, r = H3 lr , R1, r = −H3 lr′ 2, b1, r = −H3 mr , b2, r = H3 mr′, R2, r = 0, c1, r = H7 βr′, R3, r = 0,

(22)
Depending on the boundary conditions
lr +1 (0) = 0, lr′+1 (0) = 1, lr′+1 (∞) = 0, mr +1 (0) = −δlr″+1 (0), mr +1 (∞) = 0, βr′+1 (0)
= −γ (1 + β (0)), βr +1 (∞) = 0,

(23)

Set of Equations (21) are solved by Chebyshev’s pseudo‐spectral technique (Motsa et al60).
The initial approximations are
l 0 (ς ) = 1 − e−ς , m 0 (ς ) = −δe−ς , β0 (ς ) = e−ς

γ
.
1−γ

(24)

Equation (21) iteratively solved for lr +1 (ς ), mr +1 (ς ), and βr+1 (ς ), where r = 1, 2, 3... n.
Chebyshev’s spectral collocation technique is employed for discretization. Chebyshev interpolating
polynomials are used for calculating the approximations. These are collocated as follows:
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πj
, j = 0, 1, 2, 3, …, q.
q
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(25)

Here, q denotes the total number of Gauss‐Lobatto collocation points.
The domain truncation technique is applied to transform the computational area [0, ∞) to
[−1, 1]. In this case, the solution interval is taken as [0, ς∞] instead of [0, ∞].
ς
τ+1
=
, −1 ≤ τ ≤ 1,
ς∞
2

(26)

where ς∞ is the scaling parameter.
The functions l, m , and β are defined at the collocation points as follows:
N

∑ l (τk ) Tk (τj ),

l (τ ) =

k =0
N

m (τ ) =

∑ m (τk ) Tk (τj ),

(27)

k =0
N

β (τ ) =

∑ β (τk ) Tk (τj ),
k =0

where j = 0, 1, 2, …, N
The kth Chebyshev polynomial is assumed as
Tk (τ ) = cos[k cos−1 (τ )].

(28)

The required derivatives are
d pl
=
dς p

N

∑ Dlkp l (τk ),
k =0

d pm
=
dς p
d pβ
=
dς p

N

∑ Dlkp m (τk ),

(29)

k =0
N

∑ Dlkp β (τk ),

l = 0, 1, 2, …, N .

k =0

The Chebyshev spectral differentiation matrix (Canuto et al61) is D = 2D1/ ς∞ and the order
of the derivatives is denoted by p.
Replacing (26) to (29) with (21) gives the equation of the matrix as

AX = R.

(30)
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The boundary conditions are as follows:
lr +1 (τN ) = 0,
N

∑ DNk l (τk ) = 1,
k =0
N

∑ D0k l (τk ) = 0,
k =0
N
2
sr +1 (τN ) = −δ ∑ DNk
l (τk ),

(31)

k =0

sr +1 (τ0 ) = 0,
N

∑ DNk β (τk ) − γβr+1 (τN ) = −γ ,
k =0

βr +1 (τ0 ) = 0.

Here E denotes square matrix of order (3N × 3),
⎡ Lr +1 ⎤
⎡ E11 E12 E13 ⎤
⎡ R1 ⎤
⎥
⎢
⎢E E E ⎥
M
E = ⎢ 21 22 23 ⎥ , X = ⎢ r +1 ⎥ , R = ⎢⎢ R2 ⎥⎥ ,
⎣ R3 ⎦
⎣ E31 E32 E33 ⎦
⎣ Br +1 ⎦

(32)

where X and R are column vectors and
L = [lr +1 (τ0 ), lr +1 (τ1), lr +1 (τ2), …, lr +1 (τN )]T ,
M = [mr +1 (τ0 ), mr +1 (τ1), mr +1 (τ2), …, mr +1 (τN )]T ,
B = [βr +1 (τ0 ), βr +1 (τ1), βr +1 (τ2), …, βr +1 (τN )]T ,
E11 = H2 D3 + diag[a1, r ] D 2 − MH4 D,
E12 = KD,
E13 = 0,
E21 = −KD 2 − diag[b1, r ] D + diag[b2, r ],
E22 = H5 D 2 − 2KI ,
E23 = 0,
E31 = diag[c1, r ],
E32 = 0,
E33 = H6 D 2 + QI ,
R1 = R1, r ,
R2 = R2, r ,
R3 = R3, r ,

(33)

846

|

GANGADHAR

FIGURE 2

ET AL.

Velocity distribution for different M [Color figure can be viewed at wileyonlinelibrary.com]

where I denotes the identity matrix, r indicates number of iterations, (N + 1) × 1
denotes the size of the matrix, and the order of the diagonal matrix is taken as (N + 1). The
solution is attained as follows after changing the matrix system (30) with the boundary
conditions (31):

X = RE −1.

4
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(34)

R E S U L T S AN D D I S C U S S I O N

The influence of physical parameters on the profiles of dimensionless velocity l′(ς ) ,
microrotation velocity m (ς ) , and temperature β (ς ) is graphically presented, and a detailed

FIGURE 3

Microrotation velocity distribution for different M [Color figure can be viewed at
wileyonlinelibrary.com]
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Temperature distribution for different M [Color figure can be viewed at wileyonlinelibrary.com]

discussion is carried out in this section. Figures 2 to 4 describes the influence of the magnetic
parameter on velocity l′(ς ) , microrotational velocity m (ς ) and temperature β (ς ) profiles. In this
section, the other physical parameters are fixed as Pr = 6.2, φ = 0.2, δ = 0.5, M = 0.2, K = 0.2,
Rd = 0.2, Q = 0.1, and γ = 0.1. Figure 2 shows the influence of the magnetic field. It is noted
that the magnetic field reduces the fluid flow velocity. From Figure 3, it is witnessed that the
increase in the magnetic parameter creates a surge in the microrotational velocity. Increasing
the magnetic parameter increases the temperature inside the boundary layer, as shown in
Figure 4. From the above discussion, it is noted that the applied magnetic field influences the
behavior of micropolar nanofluid more than that of the classical micropolar fluid.
The results of dimensional velocity, microrotation velocity and thermal boundary layer profiles
for different microrotation parameter (K ) are illustrated graphically in Figures 5 to 7. In Figure 5,
observations indicate that when K = 0 , there is a decrease in fluid motion. The velocity profile

FIGURE 5

Velocity distribution for different K [Color figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 6 Microrotation velocity distribution for different K [Color figure can be viewed at
wileyonlinelibrary.com]

increases when the microrotation parameter is increased. From Figure 6, it is also discovered that
microrotational velocity inclines to flatter and then moves away from the sheet to its free stream
values. It can be observed from these figures that higher values of K produce strong viscous fluid
that encourages microrotation of micropolar liquids. Figure 7 shows that there is an inverse
relationship between the microrotation parameter and the temperature profile.
Figures 8 to 10 depict the impacts of the boundary parameter δ for suspended micropolar
ferrofluid and classical micropolar fluids on distinct profiles. Increasing the border parameter
strongly reduces the velocity of both liquids. Rotation of microelements is observed as nil in the
stretching sheet for the condition δ = 0 , resulting in week concentration. Figures 9 to 10 show that
for larger boundary parameter values δ , a notable increase is observed in the microrotation profile
and the temperature profile. From the above discussion, it is observed that boundary parameter δ
has a considerable impact on fluid flow and reduces the velocity of the fluid.
Impacts of the radiation parameter (Rd ) on the temperature field are depicted in Figure 11.
The result proves that for a higher radiation environment, the thickness of the thermal layer is
significantly improved. Improvement of temperature distribution for both fluids occurs in case

FIGURE 7

Temperature distribution for different K [Color figure can be viewed at wileyonlinelibrary.com]
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Velocity distribution for different δ [Color figure can be viewed at wileyonlinelibrary.com]

of an increase in radiation parameter. The radiation effects can, therefore, be used quite
efficiently to control the temperature level of thermal boundary layers. From Figure 11 it is
concluded that the thermal boundary layer thickness of micropolar magnetite ferrofluid is more
than that of classical micropolar fluid. A significant rise in temperature profile is witnessed near
the surface for the case of the micropolar magnetite ferrofluid.
Figure 12 illustrate the effects of the heat source/sink parameter(Q ) on temperature profiles.
As a result of an increase in the strength of the heat source, the fluid temperature increases as
the thermal boundary layer thickness enlarges. Instead, for the increase of heat sink strength,
the temperature profile decreases as it minimizes the thermal boundary layer. The influence of

Microrotation velocity distribution for different δ [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 9
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Temperature distribution for different δ [Color figure can be viewed at wileyonlinelibrary.com]

Temperature distribution for different Rd [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 11

FIGURE 12

Temperature distribution for different Q [Color figure can be viewed at wileyonlinelibrary.com]
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Temperature distribution for different γ [Color figure can be viewed at wileyonlinelibrary.com]

the Newtonian heating parameter (γ ) is discussed in Figure 13. As γ tends to infinity, the
Newtonian heating condition becomes the prescribed wall temperature case. It is also noticed
that fluid temperature tends to zero at γ equal to zero. Interestingly, increasing the Newtonian
heating parameter produces a considerable increase in the temperature inside the layer for both
fluids. It is noted that temperature distribution and thermal behavior of micropolar nanofluid is
promisingly better than that of the classical micropolar fluid.
Figure 14 presents the variations of the skin friction coefficient. Increasing the parameters
(M )and (K ) increases the local skin friction coefficient. The negative and positive signs of the
skin‐friction coefficient indicate drag and lifting forces, respectively. The local skin‐friction
coefficient of a micropolar magnetite ferrofluid is higher than that of the micropolar fluid, as
shown in Figure 14. The micropolar ferrofluid delivers a relatively lower rate of heat transfer
than the conventional nanofluid (see Figure 15). The impact of local Nusselt number profile is
shown in Figure 16 in the presence of Rd and Q . A heat transfer rate is witnessed at the

FIGURE 14

Skin friction coefficient for different M and K [Color figure can be viewed at
wileyonlinelibrary.com]
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M = 0, 0.4, 0.8, 1.2, 1.6, 2
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FIGURE 15

Nusselt number for different M and K [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 16

Nusselt number for different Rd and Q [Color figure can be viewed at wileyonlinelibrary.com]

T A B L E 1 Thermo‐physical properties of H2O and magnetite‐Fe3O4
ρ (kg /m3)

Cp ( J /kg K )

k (W / m K )

σ (Ω . m )−1

Fe3O4

5180

670

9.7

25,000

H2O

997.1

4179

0.613

0.05

T A B L E 2 Comparison of skin friction coefficient Rex1/2 Cfx with the available results in the literature for
different values of K when δ = 0.5, M = 0
Re x1/2 Cfx

K

Present study

Hussanan et al22

Turkyilmazoglu28

Qasim et al31

0

−1.0000000000

−1.000000000

−1.00000000

−1.000000

1

−1.2247448714

−1.224744872

−1.22474487

−1.224741

2

−1.4142135624

−1.414213562

−1.41421356

−1.414218

4

−1.7320508076

−1.732050808

−1.73205081

−1.732052
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stretching surface with higher values of the heat source/sink parameter. The above result
indicates that the thermal source and thermal radiation tends to improve the rate of heat
transfer at the surface, whereas thermal sink has a reverse effect on it.
Thermophysical properties of the base fluid (H2O) and magnetite‐Fe3O4 are presented in
Table 1. A decent agreement is attained between the present and published results, as presented
in Table 2. Table 2 confirms the validation and accuracy of our results.

5

|

C ON C LU S I O N

In this study, we have explored the impacts of Newtonian heating on the boundary layer flow of
a micropolar magnetite ferrofluid past a stretching sheet in the presence of radiation and heat
source/sink. The flow and heat transfer behaviour of a micropolar magnetite ferrofluid is
analyzed by using the Tiwari‐Das nanofluid model. A system of dimensionless nonlinear
ordinary differential equations with new boundary conditions is solved by using the appropriate
similarity transformations. Numerical solutions of the transformed equations are obtained by
the spectral quasi‐linearization method. The significant results of this study are the following:
1. The temperature profile of the micropolar ferrofluid is substantially higher than that of a
conventional micropolar fluid.
2. The magnetite micropolar ferrofluid has a relatively lower heat transfer rate than that of the
conventional ferrofluid.
3. The temperature distribution of micropolar magnetic ferrofluid is more than that of a
classical micropolar fluid when radiation effects are considered.
4. The micropolar nanofluid exhibits a promisingly better temperature profile in the presence
of Newtonian heating.

NOMEN C LAT U RE

a
B0
Cp,nf
hs
I
j
K
k*
kf
ks
k nf
l
m
N̄
M
P

constant
magnetic field intensity
heat capacity (ferrofluid)
heat transfer coefficient
body couple (per unit mass)
microinertia density
microrotation parameter
mean absorption coefficient
thermal conductivity (base fluid)
thermal conductivity (ferroparticles)
thermal conductivity (ferrofluid)
dimensionless stream function
dimensionless microrotation velocity
microrotation vector
magnetic field parameter
pressure term

|
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Pr
qr
Q0
R
T
Tw
T∞
uw
u, v
V̄

GANGADHAR

Prandtl number
radiative heat flux
heat generation/absorption coefficient
radiation parameter
fluid temperature
temperature at wall
temperature outside the boundary layer
stretching sheet velocity
components of velocity
velocity vector

GREEK SYMBOLS

αf
αs
α nf
α*
β
δ
Φ, λ
φ
κ
γ
ς
ρf
ρs
ρnf
μf
μ nf
υnf

electric conductivity (base fluid)
electric conductivity (ferroparticles)
electric conductivity (ferrofluid)
Stefan‐Boltzmann constant
dimensionless temperature function
boundary parameter
viscosity coefficients (Spin gradient)
volume fraction (Ferroparticles)
vertex viscosity
Newtonian heating parameter
similarity variable
density (base fluid)
density (ferroparticles)
density (ferrofluid)
dynamic viscosity (base fluid)
dynamic viscosity (Ferrofluid)
spin‐gradient viscosity

SUBSCRIPTS

f
nf
s
w
∞

base fluid
ferrofluid
ferroparticles
condition at wall
condition at infinity

SUPERSCRIPTS
’ differentiation with respect ς
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