Research Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/BJSTR.2023.48.007646

Numerical Analysis of the Micro-Rotational Effects on

Nanofluid Flow with Chemical Reaction Effects

Khuram Rafique'’, Adeel Khalid? Nida Ibrar?, Ayesha Ijaz? and Ayesha Munir!
1Depaertment of Mathematics, University of Sialkot, Pakistan

“Department of Zoology, University of Sialkot, Pakistan

*Department of Mathematics, University of Sargodha, Pakistan

*Corresponding author: Khuram Rafique, Department of Mathematics, University of Sialkot, 51040, Sialkot, Pakistan

ARTICLE INFO

Received: & January 20, 2023
Published: & February 06, 2023

Citation: Khuram Rafique, Adeel Khalid,
Nida Ibrar, Ayesha Ijaz and Ayesha
Munir. Numerical Analysis of the Mi-
Effects
Flow with Chemical Reaction Effects.

cro-Rotational on Nanofluid

ABSTRACT

Nanotechnology and nanoscience and their wide uses in the biomedical due to the unique and novel
properties of nanoparticles have become a spread field for research worldwide. The properties of
nanoparticles based on the shape, size and the components. These days’ different nanoparticles
are under investigation for their utilization in the biomedical science especially for the cancer
therapeutics. This paper is prepared for the investigation of numerical simulation of nanoparticles
affected by the micro-rotation by incorporating the chemical reaction impacts. Moreover, the
convective boundary conditions are considered. First we convert the PDE’s into ODE’s by utilizing
the suiss transformations. Further numerical technique applied for the graphs and numerical values
of the energy and mass transportation. We recovered that the power index factor and magnetic effect
increment diminishes the velocity distribution. The convective parameter increases the temperature
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distribution of the nanoliquid.

Keywords: Micropolar Nanofluid; MHD; Convective Boundaries; Chemical Reaction; Heat Generation
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Introduction

The utilization of nanotechnology permits producing materials
that have size under 100 nm. These nanomaterials dependent on
their structure and qualities can be portioned into four classifications:
metal-based nanomaterials, carbon-based nanomaterials, composite
and dendrimers. Choi, et al. [1] first assessed the phrasing nanofluid.
Liquids that possess particles estimates not exactly 100 nm can
be named as nanofluid. The classes of various nanoparticles are
characterized by particle material, size, base liquid and concentration
relating to the nanofluid. These nanoparticles could be suspended
into any regular liquid, for example, water, oil, ethylene glycol to
frame nanofluids. Nanoparticles offer better improvement regarding
thermo-physical properties over micro scale particles. The utilization
of nanofluids ranges from improving efficiency of diesel generator to
air molding cooling, control plant cooling, car, and so forth. Ordinarily
as heat exchange base liquids, water and ethylene glycol are utilized.
Nanoparticles are delivered by utilizing different substances, which

are commonly divided into metal-oxide (for example cuo0,41,0, ),
metallic (for example copper, aluminum) and various particles (for
example carbon nanotubes) [2]. Nanofluid flow over a slanted sheet

by considering the magnetic effects calculated by Suriyakumar, et
al. [3]. Khan, et al. [4] scrutinized the Jeffery nanofluid flow through
a slanted sheet. Thumma, et al. [5] studied the nanofluid flow over
a nonlinear inclined extending sheet. Recently, many researchers
argued on the nanofluid flow by incorporating changed effects [6-10].
The impact of chemical reaction has attained significant attention
of recent researcher because of its vital role in food processing and
chemical engineering. Bohra [11] studied the slanted sheet with the
incorporation of chemical species. Further chemical reaction has been
taken for the analysis of nanoliquid flow through an inclined sheet is
discussed by Bhuvaneswari, et al. [12]. Sandeep, et al. [13] considered
the chemical reaction in their study for the nanoliquid.

Moreover, hydrodynamic flow for a stretchy surface was
discussed by Shit, et al. [14]. For further detailed about flow of
different geometries with chemical reaction see [15-20]. The ongoing
advancement in non-Newtonian fluids flows upraise in numerous
various parts of applied sciences, geophysics and engineering. Because
of this non-Newtonian fluid have gotten significance intrigue, one such
fluid is micropolar fluid. This fluid is described by shear-stress-strain
relationship, which generously deviates from classical Newtonian
liquids for example Navier-Stokes equation. Such fluids abound in
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compound industrial developments for example, in petrochemical
constituents processing and slurry. Eringen [21] presented the idea
about micropolar liquids on the basis of constituent’s equations.
Rafique, et al. [22] studied micro-rotational impacts on the nanliquid
flow numerically. Further, Rafique, et al. [23] examined the micropolar
nanoliquid flow on a slanted surface by numerical technique and
presents the magnetic factor impacts on the velocity profile. Abbas,
et al. [24] discussed the flow of microplar liquid on an exponential
stretchy sheet by incorporating the slip impacts. For more studies
relevant to the micropolar liquid see the references [25-28]. In any
article, up until today, no effort has been made to scrutinize the
double diffusive effects on affected micropolar nanofluid flow on
power law stretchy sheet with convective boundaries. Thus, the main
goal of the current problem is to investigate the conjugate effects on
the flow of micropolar nanofluid on the inclined stretching sheet with
chemical reaction and heat generation. The numerical outcomes from
the converted ordinary differential equations have been elucidate via
Keller box analysis because it is more efficient as compared to other
methods.

Problem Formulation

The incompressible nanoliquid affected by the micro-rotation has
been considered in this analysis. The nanoliquid flow on the slanted
surface and chemical reaction effects with convective boundaries
are incorporated for the investigation. Flow is produced due to the
nonlinear stretching slanted surface. The inclination y of the stretchy
surface makes with the vertical direction. Convective boundary
conditions for heat exchange are considered. Further the impacts
of chemical reaction and heat generation or absorption has been
examined numerically. In view of the assumptions and the reference
[29] the flow equations are given as for the current investigation.
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Where U and V are the components of velocity in X and y

directions, respectively, @ is the acceleration due to gravity, Bo

is the uniform magnetic field strength, O denotes the electrical

conductivity, £ is the viscosity, pf is the density of the base
*

fluid, pp denotes the density of the nanoparticle, kl is the vortex

viscosity, ,3[ is the coefficient of thermal expansion, ,Bc denote

*
the coefficient of concentration expansion, ¥ is the spin gradient

oK *
viscosity, J is the micro inertia per unit mass, N s the micro-
rotation or angular velocity, D, denote the Brownian diffusion
coefficient and D, denotes the thermophoresis diffusion coefficient,

k is the thermal conductivity. The subjected boundary conditions
are.

m oT . ou
u:uw(x)zax ,v=Vw,—k5:h/(T,—T),N =—mog,C:CM_aty=0, (6)

u—u, (x)=0,y>0T—>T, N —>0,C—>C,aty—>x,

The nonlinear partial differential equations are reduced into
nonlinear ordinary differential equations. For that purpose, the

stream function y = (x,y) is defined as

u :a_l//:v:_a_l//: (7)

oy ox

Where continuity equation in equation (1) is satisfied identically.
The similarity transformations are defined as
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The equations (2) to (5) have been converted with the utilization
of equation (8) into
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Here, primes means the differentiation concerning 77 , A

Buoyancy parameter, O Solutal buoyancy parameter, M is the

magnetic parameter called Hartmann number, V is the kinematic

viscidness of the liquid, p denotes the Prandtl number, Le denotes

the Lewis number, K is the dimensionless vertex thickness, ﬂ,l use
for heat generation or absorption, R use for chemical reaction factor.

In view of [30], 4= gn(zz;vfn)“"“: £ (1;‘va@)

The corresponding boundary conditions are transformed to

f(n)=s, f'(n)=1, 6(0)=—y 2/ (m+1)(1-06(0)), g(17) =1atn =0
f( )_’Oh(ﬂ)—)(), ¢(77)—>0as n—>
(14)

_ ! _ !
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Here, }, denotes the Biot number which is convective factor.
The quantities of engineering interest are

xq,,
Dy(C,=C.)’

Iy (Nusselt rmmber) Sh, = (Sherwoud number) Cf = (Skinﬁiction)

,;p/ ’
The related relations for the reduced Nusselt number -0(0), the

reduced Sherwood number -4(0), and skin-friction coefficient, are
denoted as

:&\/f_g' _ Nu , _ Sh
Cx(0) > m+1Rex (0) \/Rex(m+l)/2’¢(0) \/Rex(m+1)/2’

(15)

Where, R = uw(x)x/y is the local Reynolds number.

Results and Discussion

This section of study explains the numerical outcomes of physical

parameters of our concern containing Brownian motion factor np
, thermophoresis assumed by N , magnetic factor M, buoyancy

factor A, solutal buoyancy constraint §, inclination factor y, Prandtl
number p , Lewis number Le, chemical reaction R, heat generation

or absorption parameter j, Biot number y,, material factor K

and parameter m numerous statistics and tables are arranged. The
current results matched with the outcomes of Khan and Pop [31] in

Table 1 The effects on -6'(0),-4'(0) and C,.(0) for various factors

Nb, B, Nt, M,N,A,8,y,P,Le,y, and m are exposed in Table 2.
From Table 2, it is observed that the reduced Nusselt number drops
by improving the Brownian motion effect and the opposite relation
seen in the case of Sherwood number .Moreover, the magnitudes
of reduced Nusselt number and Sherwood number are reduce on
enhancing the thermophoresis impacts. Physically, these trends are
acceptable because on enhancing the Brownian motion parameter,
a large extent of fluid affected and consequently thickening the
boundary layer (Table 3). On the other hand, Nusselt and Sherwood

number decline against the large values of Biot number ,, . Besides,
skin friction shows directly proportional relation with the magnetic
effect and nonlinear stretching parameter. It can observed that the
buoyancy and solutal buoyancy parameters upsurge the Sherwood
and Nusselt number for the higher values and decline the skin friction.

Velocity Profile

Figure 1 reveals that the velocity field shows an inverse relation
with the magnetic factor. The reason behind this is the enhancement
in the magnetic parameter produces the drag force on the sheet,
which declines the velocity of the fluid. Similar effect presents in the
case of angular velocity against magnetic parameter in the Figure 2.
On the other hand, the similar result presents the Figure 3 again large
magnitude of magnetic effect. Physically, the viscosity of the boundary
layer reduces on increasing the magnetic factor. Figure 4 represents an
opposite result against the nonlinear stretching parameter values. The
enhancement in the nonlinear stretching factor causes the reduction
in the momentum boundary layer thickness. Besides, in Figure 5 the
velocity profile enhances against the large impact of parameter . In
addition, the velocity field slows down on increasing the inclination
parameter drawn in Figure 6. Moreover, the circumstances point out
that in the case of the maximum gravitational force apply on flow
because in this state the sheet will be vertical. On the other hand, the

sheet will be horizontalin the case of , = 9o° due to which the power of
the bouncy forces drops which causes the decline in velocity profile.
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Table 1: Contrastof —¢'(0) and —¢'(0) against y = 90°,y, >o,M,K,,md,A,R, A4 =0 with Pr=Le .

Khan and Pop [29] Present Results
Nb Nt
~4/(0) -6/(0) ~/(0) -6/(0)

0.1 0.1 2.1294 0.9524 2.1294 0.9524
0.2 0.2 2.5152 0.3654 2.5152 0.3654
0.3 0.3 2.6088 0.1355 2.6088 0.1355
0.4 0.4 2.6038 0.0495 2.6038 0.0495
0.5 0.5 2.5731 0.0179 2.5731 0.0179

Table 2. Values of —0(0),—¢(0) and C, (O) .

Nb | Nt | Pr | Le | M K r1 R Al | A 0 S m Y | -6(0) | -4(0) | C,(0)

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 0.1 0.1 0.9 0.1 0.5 450 0.0905 | 1.0003 | 0.9205

0.3 0.1 7.0 5.0 0.1 1.0 0.1 1.0 0.1 0.1 0.9 0.1 0.5 450 | 0.0364 | 1.0357 | 0.9283

0.1 0.3 7.0 5.0 0.1 1.0 0.1 1.0 0.1 0.1 0.9 0.1 0.5 450 0.0864 | 0.9457 | 0.8983

0.1 0.1 10.0 5.0 0.1 1.0 0.1 1.0 0.1 0.1 0.9 0.1 0.5 450 | 0.0930 | 1.0015 | 0.9199

0.1 0.1 7.0 10.0 0.1 1.0 0.1 1.0 0.1 0.1 0.9 0.1 0.5 450 | 0.0802 | 1.5694 | 1.0085

0.1 0.1 7.0 5.0 0.5 1.0 0.1 1.0 0.1 0.1 0.9 0.1 0.5 450 | 0.0876 | 0.9437 | 1.2569

0.1 0.1 7.0 5.0 0.1 5.0 0.1 1.0 0.1 0.1 0.9 0.1 0.5 450 | 0.0940 | 1.0687 | 1.6334

0.1 0.1 7.0 5.0 0.1 1.0 0.2 1.0 0.1 0.1 0.9 0.1 0.5 450 | 0.1680 | 0.9742 | 0.9076

0.1 0.1 7.0 5.0 0.1 1.0 0.1 3.0 0.1 0.1 0.9 0.1 0.5 450 | 0.1021 | 0.0849 | 0.8293

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 0.3 0.1 0.9 0.1 0.5 450 0.0510 | 1.0328 | 0.9214

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 0.1 1.0 0.9 0.1 0.5 450 | 0.0906 | 1.0030 | 0.8929

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 0.1 0.1 2.0 0.1 0.5 450 | 0.0929 | 1.0417 | 0.5166

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 0.1 0.1 0.9 0.3 0.5 450 | 0.0417 | 0.4995 | 0.7215

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 1.0 1.0 1.0 0.0 0.5 450 | 0.1207 | 1.2975 | 0.9767

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 1.0 1.0 1.0 -0.3 0.5 450 | 0.2272 | 2.3060 | 1.2197

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 1.0 1.0 1.0 0.1 1.5 450 | 0.0883 | 0.9598 | 1.2546

0.1 0.1 7.0 5.0 0.1 1.0 0.1 1.0 1.0 1.0 1.0 0.1 0.5 900 0.0900 | 0.9919 | 0.9951
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Figure 4: Velocity profile against M.
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Figure 6: Velocity profile against .

Temperature Profile

Behavior of temperature profile against Biot number presented
in Figure 7. Clearly the boundary layer thickness increases as a
result temperature profile rises. For large values of Biot number heat

(¥

exchange coefficient increases. It is observed that if  _ o relates
to the constant wall temperature. The temperature profile relates
directly proportional to the Brownian motion effect shown in Figure
8. It is due to the fact that the Brownian motion parameter enhances
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the boundary layer heat which leads to increase the fluid temperature.
The change between reference temperature and wall temperature
improved by rising the thermophoresis impacts due to which
temperature profile increases (see Figure 9). The heat generation
increases the velocity of the liquid directly, which leads to generate
the heat in the flow region and the temperature increase with in
the thermal boundary layer shown in Figure 10. The temperature

profile increases by improving Prandtl number shown in Figure 11.
As steadily rises, this corresponds to the thinner thermal boundary
layer and weaker thermal diffusivity. It is important to reference here
bigger values of Pr represent the high viscosity liquids such as oils.

On the other hand, lower values Pr denote the liquid like materials
which have low viscosity and high thermal conductivity.

016 T T T

T [ T T

0=09Le=30N=i=No=§=il=M=01R=K=10m=03 =45 =70

Figure 8: Temperature profile against Nb

Copyright@ Khuram Rafique | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007646

39682


https://dx.doi.org/10.26717/BJSTR.2023.48.007646

Volume 48- Issue 3

DOI:.10.26717/BJSTR.2023.48.007646

01 T | T I T I | T
AN 5209 Lt= 50 11=M=i1=No=S=i =01 R=K=10m~057=& Pr=70]
008k Lﬂ'.q‘ —
&
R
007 2 -1
3
006 \ N
=005k -
k= -1
004 B
003 .
002 Ne=01050710 i
001 Ly .
0 | | | | | e !
0 02 04 06 08 1 12 14 16
Figure 9: Temperature profile against Nt
01 T T T T T T I T
- $=09, Le= 50 Ne=i =Nb=8=1=M=01 R=K=1Qm =05 y=45 B =70
0B}
007
0061
=005}
o
L
0B
ool
oot
0 ) ismeseglingg., |
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Figure 11: Temperature profile against Pr

Concentration Profile

An opposite result has seen in the case of concentration profile as
compared to temperature profile against different values Brownian
motion impacts (see Figure 12). The concentration at the stretching
sheet enhances on growing the Brownian motion parameter because

the thermal boundary layer becomes thinner. Figure 13 presents the
concentration profile boost for increasing the thermophoretic effect
because the more nanoparticles pass away from the hot surface [30].
The concentration profile enhances correspond the chemical react
impact shown in Figure 14.

\

.
din)
=
T

Figure 12: Concentration profile against Nb
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Conclusion

This problem has explored the micropolar nanofluid fluid flow

over a nonlinear inclined stretching sheet by incorporating the
chemical and heat generation or absorption impacts along with
convective boundaries. The main findings of our current study are the
following.

e  The velocity field reduces correspond the higher values of
the nonlinear stretching parameter.

e The heat transfer coefficient boost for bigger values of Biot
number.

¢ The boundary layer becomes thicker on improving the Biot
number.

e The nonlinear stretching parameter enhances the boundary
layer thickness.

e The heat generation improves the velocity of the liquid.

e The growing values of chemical reaction improve the
concentration outline.

e The concentration profile upturn against bigger values of the
Biot number.
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