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The present analysis is aimed at examining MHD micropolar nanofluid flow past a radially stretchable rotating disk with the
Cattaneo-Christov non-Fourier heat and non-Fick mass flux model. To begin with, the model is developed in the form of
nonlinear partial differential equations (PDEs) for momentum, microrotation, thermal, and concentration with their boundary
conditions. Employing suitable similarity transformation, the boundary layer micropolar nanofluid flows governing these PDEs
are transformed into large systems of dimensionless coupled nonlinear ordinary differential equations (ODEs). These
dimensionless ODEs are solved numerically by means of the spectral local linearization method (SLLM). The consequences of
more noticeable involved parameters on different flow fields and engineering quantities of interest are thoroughly inspected,
and the results are presented via graph plots and tables. The obtained results confirm that SLLM is a stable, accurate,
convergent, and computationally very efficient method to solve a large coupled system of equations. The radial velocity grows
while the tangential velocity, temperature, and concentration distributions turn down as the value of the radial stretching
parameter improves, and hence, in practical applications, radial stretching of the disk is helpful to advance the cooling process
of the rotating disk. The occurrence of microrotation viscosity in microrotation parameters (A1 − A6) declines the radial
velocity profile, and the kinetic energy of the fluid is reduced to some extent far away from the surface of the disk. The novelty
of the study is the consideration of microscopic effects occurring from the micropolar fluid elements such as micromotion and
couple stress, the effects of non-Fourier’s heat and non-Fick’s mass flux, and the effect of radial stretching disk on micropolar
nanofluid flow, heat, and mass transfer.

1. Introduction

The study of fluid flow with heat conveyed over the rotating
disk surface has been receiving astonishing attention from
researchers as a result of its various applications in the area
of manufacturing industry and engineering such as in the
rotating machinery field, thermal power generating systems,
computer storage devices, geothermal industry, heat and
mass exchanger, gas turbine rotators, medical machinery,
chemical processes, air cleaning apparatus, and electronic
device. The flow of fluid due to a rotating disk was initially
studied by [1], and following him, different valuable studies
on the theme of fluid flow induced by the rotating disk have
been conducted and published by different researchers up to

these days. The flow of nanofluid via a revolving porous disk
was investigated by [2], while entropy investigation in mag-
netohydrodynamic flow caused by a rotating disk was exam-
ined by [3]. Also, [4] analyzed the flow of nanofluid passed
an inclined rotating disk, whereas [5] looked at the upshot
of convective heat transfer in fluid flow as a result of a rotat-
ing disk. As well, the flow of Ag-water-based nanofluid due
to a rotating disk in the course of uneven thickness was
observed by [6]. In recent times, [7] analyzed CNT-
ethylene glycol nanofluid flow caused by a stretchable rotat-
ing disk with the Cattaneo-Christov heat flux model. [8]
investigated entropy generation, and slip persuades in
magnetohydrodynamic flow through a permeable rotating
disk. [9] observed the flow of the Maxwell nanofluid
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overstretching permeable rotating disk, whereas the flow of
mixed convection viscoelastic hybrid nanofluid past a rotating
disk was examined by [10]. Some of the latest significant works
on fluid flow past a rotating disk are also found in [11–15].

In view of the features of shearing stress, fluids can be
categorized into Newtonian and non-Newtonian fluids.
The Newtonian fluids are described by shearing stress which
is linearly associated with the deformation rate, while in the
non-Newtonian fluids, shearing stress is nonlinearly associ-
ated with the shearing strain rate. Some fluids such as poly-
meric suspension, industrial colloid fluids, capillaries in
liquid crystals, blood flow in arteries, and dust in air fail to
describe the characteristics of the Newtonian fluid [16]. In
view of this limitation, a number of non-Newtonian fluid
models have been suggested to describe their flow features.
Among these non-Newtonian fluid models, micropolar fluid
has been very active research for the last few decades due to
the various applications in the prescribed theme of engineer-
ing and industries. Micropolar fluid is a postponement of
randomly oriented particles in a viscous medium that show
microscopic effects occurring from the fluid elements’
micromotions and local structure. Micropolar fluid can be
described by spin inertia, micromotion, and couple stress,
and it can hold stress moments and body moments [17].
In this fluid, the particles in the small volume element can
spin about the centroid of the volume element. Physically,
the micropolar fluid represents some anisotropic fluids and
the fluids consisting of bar-like elements such as the flow
of liquid crystals, polymeric fluid, colloidal fluids, bodily
fluids, paints, and suspension fluids [18, 19].

Micropolar fluid theory and its mathematical modeling
were initially introduced and formulated by [20]. Subse-
quently, [21] implemented boundary layer scaling to
investigate the simple micropolar fluid theory near a rigid
boundary. [22] extended his theory of micropolar fluid by
just taking the effects of heat conduction and heat dissipa-
tion. A detailed assessment of micropolar fluids and their
numerous uses in the subject of industrial and technology
was given by [23]. Nowadays, the theory and its applications
of the micropolar fluid have received immense attention
from many scientists and researchers. For instance, [24]
examined the flow of a micropolar fluid over an accelerated
rotating disk. The characteristics of heat and mass transfer
micropolar fluid from a curved stretching surface subject
to the Lorentz forces were examined by [25]. [26] studied
the nonlinear convection flow of a micropolar nanofluid
due to a rotating disk with multiple slip flows. Also, the mate-
rial behavior in the micropolar fluid of the Brownian motion
over a stretchable disk with the application of thermophoretic
forces was analyzed by [27]. Currently, unsteady micropolar
hybrid nanofluid flow past a permeable stretching/shrinking
vertical plate was examined by [28], and [29] considered
boundary layer flow of micropolar nanofluid towards a per-
meable stretching sheet in the presence of porous medium
with thermal radiation and viscous dissipation.

Magnetohydrodynamic is the theme of fluid flow in elec-
trically conducting fluids with magnetic properties that
affect fluid flow characteristics. While a magnetic field inci-
dence in an electrically conducting fluid, a current is induced

and polarizes the fluid. MHD boundary layer flow with heat
transfer characteristics is more important in numerous tech-
nological processes and has received considerable interest
due to its significance in practical applications such as
plasma studies, MHD power generator designs, petroleum
industries, design for cooling of nuclear reactors, and con-
struction of heat exchangers and on the performance of var-
ious systems [30]. The incidence of MHD in an electrically
conducting fluid creates an opposing force, through which
the motions of fluid particles create resistance, which is
termed the Lorentz or drag force. Considerably, the effects
of this force enhance because of concentration and fluid
temperature reducing the boundary layer separation. As a
result, [31] analyzed the flow of mixed convection magneto-
hydrodynamic micropolar liquid caused by the nonlinear
stretched sheet. [32] investigated entropy generation and
consequences of binary chemical reaction on the MHD
Darcy-Forchheimer Williamson nanofluid flow over a non-
linearly stretching surface. Three-dimensional MHD viscous
flows under the influence of thermal radiation and viscous
dissipation were examined by [33]. Also, [34] studied heat
and mass transfer of magnetically driven 3rd grade (Cu-
TiO2/engine oil) nanofluid via a convectively heated surface.
Some of the latest significant works on MHD nanofluid flow
past different geometry are also found in [35–37].

The phenomenon of heat transfer is very significant
because of its several applications in engineering, industrial,
and biomedical applications. Fourier was the first scientist
who stated the most conquering classical heat flux model
in continuum mechanics. The core weakness of this model
is the temperature field, and the entire system is directly
exaggerated by initial disturbance. To keep away from this
unrealistic feature, first, Cattaneo improved Fourier’s law
by adding thermal relaxation time which tolerates the heat
flux and [38] established the efficient heat transfer means
by the derivative Cattaneo model, and then, it is called the
Cattaneo-Christov heat flux model. Presently, much interest
has been shown in the study of the Cattaneo-Christov heat
flux model. For example, [39] investigated the Casson nano-
fluid flow over stretching cylinder with variable thermal con-
ductivity and Cattaneo-Christov heat flux model. The flow
between two stretchable rotating disks with the Cattaneo-
Christov heat fluxmodel was examined by [40]. Also, [41] ana-
lyzed the effect of the Cattaneo-Christov heat flux model on
MHDmicropolar fluid flow past a nonlinearly inclined stretch-
able rotating disk. Recently, more inspiring work on thermal
performance of nanofluid flow was also reported by [42–48].

The objective of this research is to examine magnetohy-
drodynamic micropolar nanofluid flow due to stretchable
rotating disk with microrotation and non-Fourier’s heat
and non-Fick’s mass flux models under the effects of slip
and convective boundary conditions employing the spectral
local linearization method (SLLM). The SLLM is rooted in
decoupling and linearizing systems of equations via a combi-
nation of a univariate linearization method and a spectral
collocation discretization. The key aspect of the SLLM algo-
rithm is that the system of equations can be solved succes-
sively in a very computationally efficient way after a large
coupled system of equations is broken into a sequence of
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smaller subsystems. [49] confirmed that as compared with
other existing numerical methods, the SLLM is stable, accu-
rate, convergent, and very efficient to solve some large
systems of boundary value problems. The novelty of this
study is the assessment of microscopic effects occurring
from the micropolar fluid elements such as micromotion
and couple stress, the effects of thermal and concentration
relaxations due to non-Fourier’s heat and non-Fick’s mass
flux, and the effects of radial stretching disk on micropolar
fluid flow, heat, and mass transfer. The uniqueness of this
study is not only to analyze the effects of these embedded
parameters, but also, the numerical method used for the
analysis is very recent and easy to develop, yet very accurate
and convergent iterative algorithm for working with nonlin-
ear systems of boundary layer flow problems [49, 50]. Con-
sequently, employing SLLM, the results of micropolar fluid
velocity, microrotation velocity, temperature and concentra-
tion fields, skin friction coefficient, couple stress, local heat,
and mass transfer rate are specified and discussed with
graphs and tables.

2. Mathematical Problem Description

2.1. Flow Model and Governing Equations. In this study, a
steady, laminar flow of an electrically conducting and
incompressible micropolar nanofluid flow over an infinite
stretchable rotating disk with angular velocity Ω about the
z-axis and radially stretching with stretching rate s is used
as given in Figure 1. Cylindrical-coordinate frame ðr, θ, zÞ
with velocity components ðu, v,wÞ and ðω1, ω2, ω3Þ, the
microrotation components are considered whereas the disk
is fixed alongside z = 0. The flow is examined under the
action of a magnetic field with strength Bo which is applied
normally to the fluid flow. Also, the effects of velocity slip
and convective conditions are taken into consideration. At
the wall of the surface, a constant value of temperature,
denoted by Ts and the ambient value of temperature,
denoted by T∞ are assumed. To alter the temperature of
the surface Ts using convective heat transfer mode, heated
fluid under the surface with temperature T f is also applied.
Due to this, a heat transfer coefficient hf is offered, and the
entire system of the surface of the rotating disk is heated
for T f > Ts or cooled for T f < Ts. With this assumption,
for heat transfer, the convective boundary condition is given
by kð∂T/∂zÞ = hf ðT f − TÞ imposed on the surface of the
rotating disk. Over the heated wall of the surface, concentra-
tion is considered to be C = Cs +Dð∂C/∂zÞ, where D is the
solutal jump factor. Moreover, for heat and mass transfer
modes, the Cattaneo-Christov non-Fourier heat and non-
Fick mass flux models are considered.

Under these assumptions and in consideration of the
standard boundary layer equations, the governing equations
(continuity, momentum, microrotation, energy, and concen-
tration) of the micropolar fluid flow past a rotating disk are
given as follows (see Ref. [10, 17, 40]):
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Figure 1: Physical flow configuration.
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where α, β, and γ represent the material constants (angular
viscosity coefficients); μ is the absolute viscosity; ρf , ðρcÞf

and ðρcÞp are the density of the fluid, heat capacity of the
fluid and heat capacity of nanoparticles, respectively; DB
and DT , respectively, refer to the Brownian and thermo-
phoretic diffusion coefficients; j = χ/Ω = ðμ + kÞ/ρfΩ is the
microinertia per unit mass; σ is electrical conductivity of
the fluid; k is the vortex viscosity (dynamic microrotation
viscosity); αf is the thermal diffusivity of the fluid; λe and
λc, respectively, refer to the thermal and concentration relax-
ation time; and L0 and H0 stand for momentum slip factor
and angular slip factor, respectively. Moreover, Φe and Φc,
respectively, stand for the Cattaneo-Christove non-Fourier
heat and non-Fick mass flux models which are given as fol-
lows (see Ref. [7, 40]):
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2.2. Similarity Transformation and Transformed Equations.
The above governing equations are highly nonlinear PDEs
that are intricate to solve analytically. Thus, to compute
numerically, we use the following similarity transformation
to transform Equations (1)–(9) into dimensionless nonlinear
ODEs (see Ref. [7, 10, 17]):
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where ξ is dimensionless similarity variable; f ðξÞ is dimen-
sionless stream function; f j ðξÞ and gðξÞ are the dimension-
less velocities; ψðξÞ, pðξÞ, and qðξÞ are dimensionless
microrotations; θðξÞ and ϕðξÞ are, respectively, dimension-
less temperature and concentration of nanofluid.

Utilizing Equation (13), the continuity Equation (1) is
identically fulfilled, and the governing Equations (2)–(8)
with boundary conditions are altered into the following
dimensionless form:
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and corresponding boundary condition Equation (9)
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where prime denotes differential with respect to ξ; M = σB2
0/

ρfΩ is the magnetic parameter; A1 = k/ðk + μÞ, A2 = kχ/γΩ,
A3 = ρf jχ/γ, A4 = ðα + βÞ/ðα + β + γÞ, A5 = kχ/ðα + β + γÞΩ,
and A6 = ρf jχ/ðα + β + γÞ are microrotation parameters;
Nb = ððρcÞp/ðρcÞf ÞðDBðCs − C∞Þ/χÞ is the Brownian motion
parameter; Nt = ððρcÞp/ðρcÞf ÞðDTðT f − T∞Þ/χT∞Þ is the
thermophoresis parameter; Pr = χ/αf is the Prandtl number;
Le = αf /DB is the Lewis number; Sc = PrLe = χ/DB is the
Schmidt number; αt = λeΩ is the thermal relaxation parame-
ter; αc = λcΩ is the concentration relaxation parameter; Λ = s
/Ω is the scaled stretching parameter; δ = L0ð2Ω/χÞ1/2 is the
velocity slip parameter; s0 =H0ð2Ω/χÞ1/2 is the microrotation
slip parameter; Bi = hf ð2Ω/χÞ1/2 is the thermal slip parameter;

and Si =Dð2Ω/χÞ1/2 is the solutal jump parameter.

2.3. Engineering Quantities of Interest. The physical quanti-
ties of importance in this study are the skin friction coeffi-
cient ðCf r

Þ, couple stress C, local Nusselt number ðNurÞ,
and local Sherwood number ðShrÞ, and, respectively, defined
as (see Ref. [17, 26])
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where these parameters describe the local shear stress at the
wall ðτzr , τzθÞ, wall couple stress ðtwr , twθ, twzÞ, wall heat flux
ðqwÞ, and wall mass flux ðJmÞ given as (see Ref. [17, 26])
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Consequently, the dimensionless skin friction coefficient,
couple stress coefficient, local Nusselt number, and local
Sherwood number are, respectively, given by
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where K = k/μ is the material parameter and Rer is the local
Reynolds number defined by Rer = ðrΩÞr/χ.

3. Numerical Method of Solution

The systems of coupled ODEs in Equations (15)–(21) are
nonlinear and intricate to solve analytically. Thus, to com-
pute such large coupled systems, numerical methods should
be utilized. Owing to this, we employ a numerically simple,
yet accurate, convergent, stable, and very efficient method
known as the spectral local linearization method (SLLM)
[49]. The SLLM is rooted in a decoupling and linearization
system of equations employing a blend of a univariate line-
arization and a spectral collocation concretization. A full
description of the development of SLLM for the systems of
the nonlinear ordinary differential equation was given by
[49]. To use the proposed SLLM iterative method, first, it
is suitable to reduce the order of the governing Equation
(15) by one setting f ∣ðξÞ = hðξÞ; then, considering that f ðξÞ

and hðξÞ are known at each iteration level, the local lineari-
zation iteration algorithm can be articulated as
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r + 2A1p

∣
r , ð29Þ

2g∣∣r+1 + 2f rg∣
r+1 − 2hr+1gr+1 −Mgr+1 = −2A1ψ

∣
r , ð30Þ

2ψ∣∣
r+1 − 2A2ψr+1 − A3hr+1ψr+1 + 2A3 f rψ

∣
r+1 = A2g

∣
r+1 − A3prgr+1,

ð31Þ
2p∣∣r+1 + 2A2pr+1 − A3hr+1pr+1 + 2A3 f rp

∣
r+1 = −A2h

∣
r+1 + A3gr+1ψr+1,

ð32Þ
2q∣∣r+1 − 2A5qr+1 − A6hr+1qr+1 + 2A6 f rq

∣
r+1 = 4A4ψ

∣
r+1 + 2A5gr+1,

ð33Þ
1
Pr θ

∣∣
r+1 + Nbϕ∣r + 2Ntθ∣r + f r

� �
θ∣r+1

− 2αt f 2rθ
∣∣
r+1 + f rhr+1θ

∣
r+1

� �
=Nt θ∣r

� �2
,

ð34Þ

1
Sc

ϕ∣∣r+1 + f rϕ
∣
r+1 − 2αc f 2rϕ

∣∣
r+1 + f rhr+1ϕ

∣
r+1

� �
= Nt
Nb

θ∣∣r+1,

ð35Þ
f ∣r+1 = hr+1,

f r+1 0ð Þ = 0,
ð36Þ

subject to boundary condition

hr+1 0ð Þ =Λ + δh∣r+1 0ð Þ,
gr+1 0ð Þ = 1 + δg∣

r+1 0ð Þ, ð37Þ

hr+1 ∞ð Þ = 0,
gr+1 ∞ð Þ = 0, ð38Þ

ψr+1 0ð Þ = s0ψ
∣
r+1 0ð Þ,

pr+1 0ð Þ = s0p
∣
r+1 0ð Þ,

qr+1 0ð Þ = 1,
ð39Þ

ψr+1 ∞ð Þ = 0,
pr+1 ∞ð Þ = 0,
qr+1 ∞ð Þ = 0,

ð40Þ

θr+1 0ð Þ = 1 + Biθ∣r+1 0ð Þ,
ϕr+1 0ð Þ = 1 + Siϕ

∣
r+1 0ð Þ, ð41Þ

θr+1 ∞ð Þ = 0,
ϕr+1 ∞ð Þ = 0,

ð42Þ

where the terms r + 1 and r represent the current and
previous iteration levels, respectively.

Equations (29)–(36) with boundary conditions Equation
(39) are computed using the Chebyshev pseudospectral
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method. The unknown functions are given by the Chebyshev
interpolating polynomials with the Gauss-Lobatto points as
(see Ref. [53, 54])

xm = cos mπ

N

� �
,m = 0, 1, 2,⋯,N ,−1 ≤ xm ≤ 1, ð43Þ

where N is the number of collocation points.

The semi-infinite interval ½0, l∞Þ is converted into ½−1, 1�
using the linear transformation ξ = ðl∞/2Þðxm + 1Þ, where l∞
is large, yet a finite number is chosen to indicate the behav-
ior of the flow features of the boundary condition value at
infinity. Chebyshev differentiation matrix is applied to
approximate the derivatives of the unknown functions (for
details, refer [53]). Starting with suitable initial approxima-
tions, the iteration schemes are used iteratively to get the
unknown functions at r + 1 iteration levels. Finally, the

Table 1: SLLM solution convergence test.

Iter. order Rerð Þ1/2Cf Rerð Þ1/2Csr Rerð Þ−1/2Nur Rerð Þ−1/2Shr
01 5.45024509 -6.68503429 0.23819532 0.29649267

02 8.84266291 -7.36652464 0.57204639 0.47266923

03 8.61607846 -7.38124266 0.45346969 0.42615330

04 8.65488503 -7.38047576 0.47199029 0.43281214

05 8.64862301 -7.38055477 0.46993727 0.43198037

06 8.64966278 -7.38054245 0.47031524 0.43212847

07 8.64948823 -7.38054443 0.47024534 0.43210260

08 8.64951765 -7.38054410 0.47025485 0.43210639

09 8.64951268 -7.38054416 0.47025316 0.43210572

10 8.64951352 -7.38054415 0.47025348 0.43210584

11 8.64951338 -7.38054415 0.47025344 0.43210582

12 8.64951340 -7.38054415 0.47025344 0.43210583

13 8.64951340 -7.38054415 0.47025344 0.43210583

14 8.64951340 -7.38054415 0.47025344 0.43210583

Table 2: Grid-independence test for SLLM solutions.

Iter. order N Rerð Þ1/2Cf Rerð Þ1/2Csr Rerð Þ−1/2Nur Rerð Þ−1/2Shr
12 10 8.66080368 -7.38054868 0.47024587 0.43210351

12 20 8.64951339 -7.38054415 0.47025344 0.43210583

12 30 8.64951340 -7.38054415 0.47025344 0.43210583

12 50 8.64951340 -7.38054415 0.47025344 0.43210583

12 100 8.64951340 -7.38054415 0.47025344 0.43210583

12 150 8.64951340 -7.38054415 0.47025344 0.43210583

12 200 8.64951340 -7.38054415 0.47025344 0.43210583

Table 3: Confirmation results of −θð0Þ for the values of the Biot number Bi with Pr = 0:72,Nb = Sc = 1, and values of the rest parameter
zero.

Bi [10] [51] [52] Current upshot

0.05 0.144661 0.144661 0.144661 0.14466131

0.1 0.252758 0.252758 0.252758 0.25275796

0.2 0.403523 0.403523 0.403522 0.40352274

0.4 0.575014 0.575014 0.575013 0.57501363

0.6 0.669915 0.669916 0.669915 0.66991582

0.8 0.730170 0.730170 0.730169 0.73017015

1.0 0.771822 0.771822 0.771822 0.77182232

5.0 0.944174 0.944174 0.944173 0.94417371

10.0 0.971285 0.971285 0.971285 0.97128494
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system of Equations (29)–(36) can be solved as matrix phase
by phase as

M1Hr+1 = B1,r , hr+1 xNð Þ − δh∣r+1 xNð Þ =Λ, hr+1 x0ð Þ = 0,

M2Gr+1 = B2,r , gr+1 xNð Þ − δg∣r+1 xNð Þ = 1, gr+1 x0ð Þ = 0,

M3Ψr+1 = B3,r , ψr+1 xNð Þ − s0ψ
∣
r+1 xNð Þ = 0, ψr+1 x0ð Þ = 0,

M4Pr+1 = B4,r , pr+1 xNð Þ − s0p
∣
r+1 xNð Þ = 0, pr+1 x0ð Þ = 0,

M5Qr+1 = B5,r , qr+1 xNð Þ = 1, qr+1 x0ð Þ = 0,

M6Θr+1 = B6,r , θr+1 xNð Þ − Biθ∣r+1 xNð Þ = 1, θr+1 x0ð Þ = 0,

M7Φr+1 = B7,r , ϕr+1 xNð Þ − Siϕ
∣
r+1 xNð Þ = 1, ϕr+1 x0ð Þ = 0,

Df r+1 = hr+1,
f r+1 xNð Þ = 0,

ð44Þ

where

M1 = 2D2 + 2 f r½ �dD − 2 hr½ �d −MI, B1,r = h2r − g2
r + 2A1p

∣
r ,

M2 = 2D2 + 2 f r½ �dD − 2 hr+1½ �d −MI, B2,r = −2A1ψ
∣
r ,

M3 = 2D2 + 2A3 f r½ �dD − A3 hr+1½ �d − 2A2I, B3,r = A2g
∣
r+1

− A3prgr+1,

M4 = 2D2 + 2A3 f r½ �dD − A3 hr+1½ �d + 2A2I, B4,r = −A2h
∣
r+1

+ A3gr+1ψr+1,

M5 = 2D2 + 2A6 f r½ �dD − A6 hr+1½ �d − 2A5I, B5,r = 4A4ψ
∣
r+1

+ 2A5gr+1,

M6 =
1
Pr I − 2αt f 2r

Â Ã
d

� �
D2 + Nb ϕr ′½ �d + 2Nt θr ′½ �d

À
+ f r½ �d − 2αt f r½ �d hr+1½ �d

Á
D, B6,r =Ntθ∣r ,

M7 =
1
Sc
I − 2αc f 2r

Â Ã
d

� �
D2+ f r½ �d − 2αc f r½ �d hr+1½ �d

À Á
D, B7,r

= Nt

Nbθ∣∣r
:

ð45Þ

Hr+1 = ½hr+1,0, hr+1,1,⋯, hr+1,N �t , Gr+1 = ½gr+1,0, gr+1,1,⋯,
gr+1,N �t , Ψr+1 = ½Ψr+1,0,Ψr+1,1,⋯,Ψr+1,N �t , Pr+1 = ½pr+1,0,
pr+1,1,⋯, pr+1,N �t , Qr+1 = ½qr+1,0, qr+1,1,⋯, qr+1,N �t , Θr+1 =
½Θr+1,0,Θr+1,1,⋯,Θr+1,N �t ,Φr+1 = ½Φr+1,0,Φr+1,1,⋯,Φr+1,N �t ,
and Fr+1 = ½ f r+1,0, f r+1,1,⋯, f r+1,N �t are column vectors of
size ðN + 1Þ1, ½⋯�d , and I, respectively, represents a diagonal
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Figure 4: Concentration profiles for magnetic field parameter M.
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Figure 3: Temperature profiles for magnetic field parameter M.
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matrix and identity matrix of size ðN + 1Þ × ðN + 1Þ. Beginning
with the suitable initial approximations given below, the itera-
tion schemes are use diteratively to find f r+1, hr+1, gr+1, ψr+1,
pr+1, qr+1, θr+1 and ϕr+1 for r = 0, 1, 2,⋯ (refer [39])

f0 ξð Þ = Λ 1 − e−ξ
À Á
1 + δ

,

g0 ξð Þ = e−ξ

1 + δ
,

ψ0 ξð Þ = e−ξ/s0 ,

p0 ξð Þ = e−ξ/s0 ,

q0 ξð Þ = e−ξ,

θ0 ξð Þ = e−ξ

1 + Bi
,

ϕ0 ξð Þ = e−ξ

1 + Si
:

ð46Þ

4. Results and Discussions

In this section, the numerical outcomes for the large systems
of nonlinear ordinary differential equations specified in
Equations (15)–(21) with boundary stipulations Equation
(24) are computed numerically for various values of more
noticeable governing parameters via the efficient method
called spectral local linearization method (SLLM), and the
upshots are provided by means of tables and graphical
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Figure 7: Temperature profiles for scaled stretching parameter Λ.
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Figure 8: Concentration profiles for scaled stretching parameter Λ.

Table 4: Four cases for values of micropolar material constants.

Cases A1 A2 A3 A4 A5 A6
I 0.1 0.1 0.2 0.3 0.2 0.3

II 0.2 0.2 0.3 0.5 0.3 0.5

III 0.3 0.3 0.4 0.6 0.4 0.6

IV 0.4 0.4 0.5 0.8 0.5 0.8
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Figure 5: Radial velocity profiles for velocity slip parameter δ.
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Figure 6: Radial velocity profiles for scaled stretching parameter Λ.
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depiction. For the entire output, unless it is specified, SLLM
results presented in existing work are obtained with the
default values of the ensuing parameters M = 0:5, A1 = 0:1,
A2 = 0:3, A3 = 0:3, A4 = 0:2, A5 = 0:2, A6 = 0:3,Nb = 0:2,Nt
= 0:1, Pr = 1:6,Λ = 0:2, αt = 0:2, αc = 0:2, δ = 0:1, s0 = 0:1, Bi
= 0:5, Si = 0:5, Sc = 0:5, K = 0:1, and with node N = 50.

The convergence scrutiny is conceded for skin friction
coefficients, couple stress, and local Nusselt and Sherwood
numbers, and it is evident that the 12th order of approxima-
tion is adequate for these physical quantities, as revealed in
Table 1. Also, the accuracy of the SLLM is tartan by means
of the grid-invariance test at the 12th order iteration selecting
mesh with nodes N = 10, 20, 30, 50, 100, 150, and 200 for the
skin friction coefficients, couple stress, and local Nusselt and
Sherwood numbers, as presented in Table 2. Noticeably, the
accuracy is not pretentious up to eight decimal points when
mounting the number of nodes to more than N = 30, except

it merely augments the compilation time. Moreover, the
result of the local Nusselt number is matched up with the
formerly available results reported in references [10, 51,
52] for similar parameters, and it offers a dreadfully good
agreement, as reported in Table 3. Thus, the employed
numerical scheme (SLLM) is stable, accurate, and fast con-
verged, and we are very confident in using it.

The effect of magnetic field parameterM on radial veloc-
ity profile is reported in Figure 2. It is revealed that the radial
velocity profile is notably reduced with a growth of M. It is
noticeable that the magnetic field robustly depends on the
Lorentz force, which is stronger for a larger magnetic field
and the lesser magnetic field allied with the weaker Lorentz
force. Consequently, intensification in the values of magnetic
field parameter, the radial velocity profile, and its boundary
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Figure 12: Microrotation pðξÞ profiles for micropolar material
constants A1 – A6.
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Figure 10: Tangential velocity profiles for micropolar material
constants A1 – A6.

0 1 2 3 4
–1.5

–1

–0.5

0

0.5

(𝜉
)

𝜉

Case I
Case II

Case III
Case IV

Figure 11: Microrotation ψðξÞ profiles for micropolar material
constants A1 – A6.

0 1 2 3 4
–0.3

–0.2

–0.1

0

0.1

0.2

0.3
f
′ (
𝜉)

𝜉

Case I
Case II

Case III
Case IV

Figure 9: Radial velocity profiles for micropolar material constants
A1 –A6.

10 Advances in Mathematical Physics



layer thickness is considerably turned down. The tempera-
ture profile θðξÞ ascends as values of M ascends, as reported
in Figure 3. This is inconsequence of the fact that growth in
the values of magnetic field parameters in the flow surface
area entails growth up the Lorentz force in the boundary
layer flow which generates the Lorentz heating in the energy
equation, which is used as the additional heat source to the
flow system. Also, Figure 4 exhibits the effects of magnetic
field parameter M on concentration profile ϕðξÞ. It is
observed that the concentration profile with its concentra-
tion boundary layer thickness goes up with enlarging values
of M.

The impact of slip parameter δ on radial velocity profile
is demonstrated in Figure 5. It points up that the radial
velocity profile f ′ðξÞ is diminution with mounting values

of δ. Likewise, the velocity boundary thickness is thinning as
the value of δ is getting higher. The rationale is that the rotat-
ing disk as a result of centrifugal force throws the fluid parti-
cles outward attached to it. As slip grows, a reduced amount
of fluid particles will stick to the disk, and as a result, the small
circumferential momentum of the rotating disk moves to the
fluid, and finally, small fluid streams subsist in the axial direc-
tion. Figures 6–8, respectively, illustrate the radial velocity,
temperature, and concentration profiles for the altered value
of scaled stretching parameter Λ, which is set as Λ = s/Ω and
measures a radial stretching rate. Figure 6 reveals that the
radial velocity growths and momentum boundary layer grow
to be thicker with higher values ofΛ. In fact, the radial stretch-
ing rate gets higher as the value of Λ improves which acceler-
ates the radially superficial flow. It is also observed that
temperature and concentration profiles turn down, and the
thermal and concentration boundary layers become thinner
as the value of Λ improves, as revealed in Figures 7 and 8.
Thus, in realistic uses, radial stretching of the disk is obliging
to advance the cooling process of the rotating disk.

Figure 15: Concentration profiles for concentration relaxation
parameter αc.
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In order to scrutinize the effects of microrotation param-
eters (A1 – A6), four different cases are considered by choos-
ing subjectively as specified in Table 4. Figure 9 discloses
that enhancement in values of microrotation parameters
(A1 – A6) results in enlargement of the extent of radial veloc-
ity profiles close to the surface of the disk, but it declines
with enrichment of microrotation parameters outlying from
the surface. Also, Figure 10 reveals the reverse manners
observed for tangential velocity profiles with an increase in
microrotation parameters. This points out that the occur-
rence of microrotation viscosity will decline the radial
velocity, and the kinetic energy of the fluid is reduced to some
extent far away from the surface. The effects of microrotation
parameters (A1 – A6) on microrotation velocities are notice-
able in Figures 11 and 12. The outcomes confirm that the
absolute value of radial microrotation velocity improves while
the absolute value of tangential microrotation velocity reduces
with the growth in microrotation parameters. Physically, the
augment in angular viscosity coefficients obstructs the inci-
dence of microrotation and weakens the creation of fluid vor-
tices, leading to the steady development of normal fluids into
micropolar fluids. On the whole, as microrotation parameters
are the ratio of the microrotation viscosity and the angular vis-
cosity coefficients, the angular viscosity coefficient is a con-
straint to microrotation velocity while the translational
velocity is restricted by the microrotation viscosity. Also, from
Figure 13, it is illustrated that growth in the values of microro-
tation slip parameter S0 in boundary layer flow region tends to
trim down the angular velocity profile.

Enrichment in the value of thermal relaxation parameter
(αt) illustrates diminish in temperature profile and thermal
boundary layer thickness, as reported in Figure 14. To be
precise, an enhancement in the thermal relaxation parame-
ter causes a reduced amount of heat to be conveyed from
the surface of the disk to the fluid. Thus, the heat conveys
swiftly throughout the material, and temperature distribu-
tion is elevated for αt = 0. Explicitly, the temperature distri-
bution for classical Fourier’s law of heat conduction is
more than that of the Cattaneo-Christov heat flux model.
Also, an improvement in the value of the concentration
relaxation parameter (αc) shows diminishes in behavior for
concentration profile and its boundary layer thickness, as
illustrated in Figure 15. Explicitly, a raise in concentration
relaxation parameter results in lower mass diffusivity, and
it produces a thinner concentration boundary layer. The
effect of solutal jump parameter Si on concentration profiles
is shown in Figure 16. Here, the concentration profile
declines as the values of solutal jump parameter develop in
the region of the boundary layer. Effects take place as a result
of the decline in the kinematic viscosity of the fluid which
turns down mass diffusivity that leads to a reduction in con-
centration boundary layer thicknesses.

The impact of magnetic field parameter M, scaled
stretching parameter Λ, velocity slip parameter δ, microro-
tation parameters (A1 – A6), and microrotation slip parame-
ters S0 on normalized skin friction coefficient and wall
couple stress are exhibited in Table 5. It observed that nor-
malized skin friction coefficient improves with an escalation

Table 5: Values of the normalized skin friction coefficient and wall couple stress for Nb = 0:2, Nt = 0:1, Pr = 1:6, αt = 0:2, αc = 0:2, Bi = 0:5,
Si = 0:5, Sc = 0:5, and K = 0:1 with node N = 50:

M δ Λ A1 – A6 S0 Rerð Þ1/2Cf Rerð Þ1/2Csr Rerð Þ1/2Csθ

0.5 0.1 0.2 II 0.1 3.52812895 -7.77478860 4.82380334

1 4.26182790 -7.75998650 4.81678456

3 7.21312005 -7.71111938 4.79016347

5 10.15956843 -7.67629662 4.76872495

0.5 0.1 3.52812895 -7.77478860 4.82380334

0.3 2.50260723 -7.73778859 4.75059201

0.5 1.73061340 -7.70157658 4.67884097

0.8 0.94909463 -7.64985403 4.57516154

0.1 0.0 1.76958885 -7.62129441 4.68020183

0.1 2.51494075 -7.69482882 4.74924844

0.2 3.52812895 -7.77478860 4.82380334

0.3 4.86860980 -7.85965865 4.90264485

0.2 I 3.55641082 -12.93000757 7.14120336

II 3.52812895 -7.77478860 4.82380334

III 3.39785333 -5.30985390 4.47662093

IV 3.18083579 -3.89965639 3.71936077

II 0.1 3.52812895 -7.77478860 4.82380334

0.3 3.52956845 -7.49913887 4.62076992

0.5 3.53103558 -7.22399189 4.41788181

0.7 3.53328895 -6.81222030 4.11382362
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of the values of the magnetic field, scaled stretching, and
microrotation slip parameters, while it reduces with more
values of velocity slip and microrotation slip parameters.
Also, it revealed that both wall couple stresses steadily
diminish in absolute value with more values of the magnetic
field, velocity slip, microrotation material, and microrotation
slip parameters and both growth with a higher value of
scaled stretching parameter. Table 6 reports that both the
local heat and mass transfer reduce with added values of
the magnetic field and Brownian motion parameters while
both of them are steadily mounting with higher values of
scaled stretching and microrotation parameters. As well,
the local heat transfer rate and mass transfer rate, respec-
tively, develop with more values of thermal slip parameter
and solutal jump parameter.

5. Conclusions

In this study, the problem of magnetohydrodynamic micro-
polar nanofluid flow due to radially stretching rotating disk
with the Cattaneo-Christov non-Fourier heat and non-Fick
mass flux model has been inspected. The governing problem

of PDEs is transformed into dimensionless nonlinear ordi-
nary differential equations via suitable similarity alterations
and solved computationally by means of the spectral local
linearization method (SLLM). It is confirmed that the SLLM
is a stable, accurate, convergent, and computationally very
efficient way to solve large coupled systems of equations.
The consequences of more noticeable embedded parameters
on micropolar fluid velocity, microrotation velocity, and
temperature and concentration fields are graphically scruti-
nized and discussed thoroughly. Also, the normalized skin
friction coefficient, wall couple stress, local heat, and mass
transfer rate were computed and presented in tabular form.
In general, main surveillance that has been consequent from
the study is concluded as follows:

The radial and tangential velocity profiles and their
boundary layer thickness are noticeably turned down while
the temperature and concentration profiles with their
boundary layer thickness build up with enlarging values of
magnetic field parameter M.

(i) The radial velocity grows with higher values of radi-
ally stretching parameter Λ while the tangential

Table 6: Values of local heat and mass transfer rate for Pr = 1:6, αt = 0:2, αc = 0:2, δ = 0:1, S0 = 0:1, Sc = 0:5, and K = 0:1 with node N = 50.

M Nb Λ A1 – A6 Nt Bi Si Rerð Þ−1/2Nur Rerð Þ−1/2Shr
0.5 0.2 0.2 II 0.1 0.5 0.5 0.24730816 0.69833546

1 0.24482904 0.69633666

3 0.23855381 0.69129087

5 0.23499338 0.68841794

0.5 0.05 0.27464256 1.88002259

0.1 0.26531973 1.09212635

0.2 0.24730816 0.69833546

0.4 0.21381415 0.50175427

0.2 0.0 0.16250102 0.62068692

0.1 0.20395466 0.65775326

0.2 0.24730816 0.69833546

0.3 0.29602324 0.74455639

0.2 I 0.24617986 0.69727626

II 0.24730816 0.69833546

III 0.24859726 0.69957414

IV 0.24997220 0.70094741

II 0.0 0.35778743 0.31397301

0.1 0.24730816 0.69833546

0.2 0.16863813 1.04145249

0.3 0.11360066 1.36111249

0.1 0.0 0.29273734 0.69577896

0.3 0.26563101 0.6973528

0.5 0.24730816 0.69833546

0.8 0.21943871 0.69970782

0.5 0.0 0.24034012 0.75930311

0.3 0.24450474 0.7227185

0.5 0.24730816 0.69833546

0.8 0.25155384 0.66177098
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velocity, temperature, and concentration profiles
turn down as the value of Λ improves. Thus, in
practical uses, radial stretching of the disk is helpful
to advance the cooling process of the rotating disk

(ii) The occurrence of microrotation viscosity in micro-
rotation parameters ðA1 – A6Þ declines the radial
velocity profile, and the kinetic energy of the fluid
is reduced to some extent far away from the surface

(iii) The augment in angular viscosity coefficients in
microrotation parameters ðA1 – A6Þ obstructs the
incidence of microrotation and weakens the crea-
tion of fluid vortices, leading to the steady develop-
ment of normal fluids into micropolar fluids

(iv) An enhancement in the thermal relaxation parameter
αt causes a reduced amount of heat to be conveyed
from the surface of the disk to the fluid. Thus, the
temperature distribution for classical Fourier’s law
of heat conduction is more as compared to that of
the Cattaneo-Christov heat flux model

(v) The concentration profile declines as the values of the
solutal jump parameter Si develop in the region of the
boundary layer, and this effect takes place as a result of
the decline in the kinematic viscosity of the fluid
which turns down mass diffusivity that leads to a
reduction in concentration boundary layer thicknesses

Nomenclature

A1 – A6: Microrotation parameters
B0: Magnetic field of uniform strength
Cs: Concentration of the surface
Cf : Local skin friction coefficient
C: Couple stress
Bi: Biot number
D: Solutal jump factor
DB: Brownian diffusion coefficients
DT : Thermophoretic diffusion coefficients
f : Dimensionless stream function
h, g: Dimensionless velocities
H0: Angular slip factor
Jm: Wall mass flux
k: Dynamic microrotation viscosity
L0: Momentum slip factor
Le: Lewis number
M: Magnetic field parameter
Nb: Brownian motion parameter
Nt: Thermophoresis parameter
Nur : Local Nusselt number
s0: Microrotation slip parameter
Si: Solutal jump parameter
Shr : Local Sherwood number
p, q: Dimensionless microrotations
Pr: Prandtl number
u, v,w: Velocity components
qw: Wall heat flux
Rer : Local Reynolds number

s: Radial stretching rate
Ts: Surface temp. at the wall
T∞: Ambient temperature
twr , twθ, twz : Wall couple stress.

Greek Symbols

α, β, γ: Material constants
αc: Concentration relaxation parameter
αf : Thermal diffusivity of the fluid
αt : Thermal relaxation parameter
δ: Velocity slip parameter
Ω: Angular velocity of the disk
ω1, ω2, ω3: Microrotation components
θ: Dimensionless temperature
ϕ: Dimensionless concentration
ψ: Dimensionless microrotation
Λ: Scaled stretching parameter
λc: Concentration relaxation time
λe: Thermal relaxation time
ξ: Dimensionless similarity variable
σ: Electrical diffusivity of fluid
ρf : Density of the base fluid
μ: Absolute viscosity
τzr , τzθ: Local shear stress.
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