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Abstract

This study explored the double-stratified micropolar napoﬂm%tion point flow enclosed by porous
medium with activation energy and chemical reaction. The ena of hydrodynamic magnetic field acting
normal direction to stretching surface also incorporated here” System of governing equations are owned by
key parameters and converted into ordinary (diffe | equations (ODE’s) with help of similarity
transformation. Numerical solutions are encountered with the aid of Runge-Kutta-Fehlberg 5" order method,
accompanied by shooting technique. Comparéon between skin friction coefficient and local couple stress in
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micropolar constant and porous parameterfwith well-known research findings is also reported. Numerical
formulation and investigation are m cal)skin friction, local couple stress, heat and mass transfer rate
in various parameters. A pictorjal rep tation of abundant parameters on linear and angular velocity,
temperature and concentration f% analysed. The gradual gain of the micropolar constant enhances the
fluid’s velocity and angular v ofile. Solutal and chemical reaction rate constant are diminish the mass
transfer of fluid. This stu n be used in many eye-catching applications, such as biomedical engineering,
lap-on-a-chip devices, ¢ agent in electrical devices, automobiles and oil recovery processes.
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1. Introdt@

Mic fluid plays an important role and is a highly viewed topic in current research due to its
microstructure property. It enhances the heat transfer property of fluids. Micropolar fluid is useful in variety
of fields, such as biomedical engineering, micro-fluidics, oil recovery processes, cooling agents for electrical
components, heat exchangers and material refining. Non-Newtonian fluid type of micropolar fluid, which has
micro-rotation and micro-inertia property and pursues both linear and angular motion of fluid flow, for
achieving high results we have to add upon nanoparticles in this study, so micropolar nanofluid has more

efficient power in many applications. Micropolar nanofluids have a microstructure that is utilized in
biomedical field for effective drug-conducting systems within the body and their small-scale behaviours are
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used in chip devices, chemical analysis zones and micro-fluidic devices. Micropolar nanofluid acts as a
cooling agent in electrical devices; it can reduce the resistance of heat transfer, so excessive thermal energy
evaporation should be cut off in vehicle engines, electrical devices and power systems. So micropolar
nanofluid gives efficient cooling power in vehicle motors and batteries. This notable micropolar nanofluid
was highlighted by Eringen [1, 2] and he developed its usages. Hsiao [3] studied the heat and mass transfer of
magnetohydrodynamic micropolar fluid flow. This motion involved a spin vector towards stretching sheet to
investigate viscous dissipation effects in multimedia features and they used an accurate finite diﬁvce
method for solving differential equations. Eldabe and Ouaf [4] presented heat and mass transf HD

micropolar fluid flow with Ohmic heating and viscous dissipation effects along the stretchil ce and
Chebyshev finite difference method was used to earn numerical solution. Mishra et alsf5] Sinclude the
shrinking sheet surface for free convective micropolar fluid’s heat transfer with heat so d the Runge-

Kutta method used for solving ordinary differential equations (ODE’s).

In fluid flow, a point with zero velocity that is called stagnation point, thew w in the vicinity of
stagnation point is refers stagnation point flow. When we include this topic in micropolar nanofluid, it helps to
improve design of cooling systems and make poor drag for improve goo(p flow. Hsiao [6] studied the
mixed convection of stagnation electromagnetohydrodynamic (EMH N uid on the stretching sheet and
the equation is derived by similarity transformation technology. So'&l. [7] reviewed the stagnation point
flow of a micropolar fluid over a stretching and shrinking sheet@ding the slip boundary conditions and
Matlab boundary value problem solver used to get sol\./ed @t

EMHD and stagnation point flow of micropolar fluid in &r ence of nanoparticles and the inclusion of
mixed convection and slip boundary. Here, the shooti chrique is used. Hsiao [9] explored heat transfer
analysis on Maxwell fluid with radiative and viscets-diSsipation effects with EMHD effect, solving equations
by the way of finite difference method. Gamar . J10] discovered the stagnation magnetohydrodynamic
(MHD) micropolar nanofluid flow with thermal radfation and Navier slip via stretching sheet with Runge-
Kutta-Fehlberg (RKF) method.

s. Muhammad et al. [8] analyzed the

When fluid flow passes through temp@di erence and concentration difference, it creates different layers
in fluid structure. This phenomeriais called thermal stratification and solutal stratification respectively. Atif et
al. [11] investigate the flow D stratified micropolar nanofluid in the presence of gyrotactic
microorganisms with thermalradjation and Joule heating collaboration and numerical solution tackled by the
shooting method. Sarojam al. [12] explored the effects of thermal and solutal stratification on double
diffusive convective ar fluid flow and investigated the heat and mass transfer of fluid flow. The
ODE’s were solv QKFAS algorithm with shooting technique. Alharbi et al. [13] ascertained the
development in hedt transfer due to EMHD bioconvective flow of micropolar nanofluid flow with thermal
radiation effecf and stratification through a stretching sheet and non-linear differential system solved by bvp4c
algorithm.m et al. [14] verified the combined effect of melting heat transfer and double stratification in
visceus na id flow at stagnation point and obtained numerical solutions via shooting method. Choudhary
et al iscovered the nature of tangent hyperbolic fluid with double stratification, stagnation and dual
convegtion flow induced by stretching cylinders and bvp5c exactness program used to obtain numerical
solutions.

Porous medium looks like a sponge structure; it has a lot of void space. The amount of fluid flow is
recognised by its permeability of pore size. Abbas Khan et al. [16] ascertained the micropolar nanofluid flow
via porous exponential stretching sheet and numerically solved by MATLAB bvp4c. Mohanty et al. [17] used
the Runge-Kutta (RK) 4™ order method with shooting technique to numerically investigate the heat and mass
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flow of micropolar fluid on a stretching sheet in the medium of porous structure. Dadheech et al. [18] studied
Oldroyd-B fluid flow through porous medium in the presence of melting, chemical and slip effects and
equations are resolved by bvp4c inbuilt MATLAB. Karthik et al. [19] analysed Cattaneo-Christow Powell
Eyring fluid model of MHD fluid with heat sink, chemical reaction and porous medium and MATLAB's
BVPA4C solver method employed. De [20] explored the nanofluid flow with Ohmic heating and bioconvection
effects saturated in porous medium and ODE dissolved by the 5™ order Runge-Kutta-Fehlberg method and
shooting technique. Goyal et al. [21] analysed the effect of heat absorption/generation and melting phe%
on micropolar fluid flow derived by RK 4™ order method. Mishra et al. [22] studied the VISCOUS f

stagnation point inclusion of non-Darcy porous medium and heat source/sink over a stretchlng sed the

RK 4™ order method for solving purpose

Chemical reactions are included for enhance fluid flow operations, but sometime t 9Iead to some
burden on flow, that’s why we need activation energy. Activation energy (& molecules. Fluid
microparticle requires minimum energy to react with chemicals, so activation eﬁ% vided that. Nisha and
De [23] used RKF 5" order method to explore the impact of electro-osmotic, activation energy and chemical
reaction on Sisko fluid through stretching cylinder in the presence of DWorchheimer porous medium.
Senbagaraja and De [24] presented EMHD tangent hyperbolic nanofl via porous rotating disk with
the effects of chemical reaction, variable thermal conductivity and Ste owing by usage of RKF 5™ order
method. Yesodha et al. [25] studied activation energy along v@et and dufour effects in chemically
reacting fluids, which also included heat and transfer progert;@l is in the porous stretched sheet. Prakash
et al. [26] investigate the transient convective heating tr phenomena in micropolar fluid flow with
activation energy between the asymmetric surface and@a}mcolson implicit finite difference method is
adapted to find numerical solution. Zeeshan et al. ted built-in algorithm for numerical intuition and
explored the activation energy and thermal radia efifects in transient micropolar nanofluid flow on a plat
surface. Hsiao [28] analysed the efficiency of, Carréau-nanofluid flow in the presence of activation energy,
EMHD with parameters control method quations are resolved by implicit finite difference method.
Lakshmi et al. [29] classify the gff of) chemical reactions, radiation and activation energy on
magnetohydrodynamic nanofluid flomce by buoyancy effects past a vertical surface. Soliman [30]
studied about temperature depen heat generation on MHD micropolar nanofluid flow with variable porous
matrix structure and transform E’s cleared by shooting techniques. Vinodkumar reddy et al. [31]
discussed about Casson nanaofliid flow embedded in porous medium with MHD and activation energy in the
presence of suction and injec and numerically solved via the bvp5c MATLAB. Raza et al. [32] analysed
the thermal conductivi er Darcy forchheimer double porous medium in bio convective nanoparticles flow
with chemical reaeti d activation energy also includes the ternary hybrid ferrofluid in heat transfer
process. Gomari 3@3 discovered the forced convection of heat in stagnation nanofluid flow over porous
media and analyse)the entropy generation in cylinder. Vijayaragavan et al. [34] studied the peristaltic motion
of fluid influenced by chemical reaction, magnetic field and porous medium and computational analysis done

by

b
The current trends laminar flow concept collaborated with accelerated flow on y -v scheme of the Navier-

Stokes equations analysed through various geometry such as vortex dynamics and compact nonuniform grids
taken by Kumar and Kalita [35-37]. Khan et al. [38] studied the compressible flow by convolutional neural
network model, this articles also adds advanced flow study about laminar nanofluid flow.

1.1. Objective and Applications of Present Study



The above literature review gives clear navigation for this current study which is stated as follows:

I. Mainly micropolar fluid taken due to its micro-rotation property, it can expand the uses of current

results in many applications such developing electrical device cooling systems to reduce excessive heat

generation and make cost-effective, compatibility and stability based electric devices, engines and power

systems.

ii. Inclusion of Stratification phenomenon is significant to enhance the fluid flow configuration.

Ii. The structure of micropolar nanofluid flows in porous medium replicates the blood flow Wdy
ly

tissues, so this study can improve the design of drug delivery systems in biomedical field and ca

conduct medicine and drugs within the body. ) Q

iv. Incorporate the activation energy and chemical reaction enhances the efficiency of nandparticCles, also
their movements are examined by thermophoresis and Brownian motion effects. This an help to

understand fluid dynamic in various real-life applications. (b’

1.2. Research Gap and Novelty x{

Brief study about literature survey demonstrated in Table 1. From this we can cledrly address the research
gap; generally the authors focused on developing micropolar fluid flQw Wple configuration. When we
analyse about stagnation micropolar nanofluid flow with double titieation effects through porous
stretching sheet in the presence of activation energy and chemic@ﬁon adds more advancement in
applications. This non-Newtonian fluid model replicates real tim nario as obstacle in fluid motion, then
how nanoparticles enhance the flow behaviour. Here we con by adding stagnation point in micro-
rotation fluid and by analysing nanoparticles clusteringeby ian motion and thermophoresis effects.
Additionally stratification effects analyse the fluid’s la e\ﬁr( ation due to temperature and concentration

react

difference in porous medium. Activation and chemic on enrich the overall performance of current
rESUIt. Numel’ical reSUItS are done by RunQE'Kutt@ 5th order method along Wlth Shootlng technlque

2. Theory Formulation

micro-rotational flow cooperated with ti point flow immersed with porous medium for better result
thermal and solutal stratificatiofNg also ‘induced. Activation energy and chemical reaction have also been
considered with the aim of impro e result. The above phenomena were taken in the stretching sheet with
stretching velocity U, =bxin’ihe,restricted flow region of y > 0. Consider stretching surface along x axis and

A two dimensional incompressible s olar nanofluid flow has been taken here for this study. This
al

fluid flow towards the x”direCtion. A magnetic field B(x) =B, is acts perpendicular to the stretching sheet

(refer Fig.1). All the constraints made on Fig. 1 and governing equations are construct with it and given
below (Hsiao [3]).
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Respective boundary conditions are (Soid et al. [7] & Atif et al. [11]), P ( )

=U,=bx,v=0,N" =0, T=T,=T,+ax C=C,=C,+dx at y=0, Q\'
b (6)

u=U,=ex, N'=0,T=T,=T,+a,X C=C,=C,+d,x as y >

From the above equation, The velocity components u and v passes through % directions respectively,
U, represents the free stream velocity, B, denotes the magnetic field inte inematic viscosity denote as
v, k; be the vortex viscosity, p refers the density of the fluid, o rep e fluid electric conductivity, k;

be the permeablllty constant of porous medium, T andC deno mperature and concentration of the

fluid, N™ denotes the dimensionless components of mlcrorot angular velocity, thermal diffusivity of

fluid denote asa, = be the ratio of nanoparticles cap J%r eat and base fluid , D, is the Brownian
e

diffusion coefficient, D; be the thermophoresis diﬁu@ fficient, C_ andT,_ refers the ambient fluid

concentration and temperature, K, be the chemicél constant, E, is the activation energy, K, denotes

Boltzmann constant and m as fitted rate.

Let us assume, the spin gradient viscosity 7“im3), is

k
y= [ﬂ +7fj J, where j =% be@cro inertia density.

By the use of following si%@transformation: (Atif et al. [11]),

\f yu_bx@ —Jov £ ( \/b;xg(n)ﬂ(ﬂ)%w__%f -
¢(n)@%

Substituting Equation 7 into Equation 1-6, then we get transformed system of ordinary differential equations
as Equation 8-11 and corresponding boundary conditions (Equation 12) also its satisfies the continuity
equation (1) and remaining are

(1+K) f 4+ ff = f2 4+ Kg'+ A —(f' = A)(Ha+K")=0 (8)
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Corresponding boundary conditions, QN

f=0,f=10=00=1-S, $=1-5,, at 7=0.

f'>A g0 60 ¢—>0, at 17— 0, x& (12)

Here, K =—" shows the micropolar constant, A :E refers the ratio K g rate constant, Ha = G—Eg’ be
H P

the Hartmann number, K™ = kLb represents the porous parameter@ﬂ number notated as Pr = K, thermal
(94
l ‘ d D
and solutal stratification parameters are denoted as S, :%and S, :d—z, Nb=—C7(C,—C,) shows the
C o

D; :
Brownian motion parameter, Nt— T %xtes the thermophoresis parameter, Lewis number

G%mtlon rate constant, & = Tu=
* E
and E = KT is the parameter @tlva 1on energy.
1

Physical quantities of ski r@ coefficient, the local couple stress, the Nusselt number and the Sherwood
number are defined as 3])

@,u + K)a—u} is the shear stress,
; C ) oy,
M, W Eere M, = ;{% is the surface couple stress,

notated as Le=—, ¢ = % shows the temperature ratio

@
Dy

Cf, =

dy=0

Nu :LWT hereq, =—k ﬁj be the surface heat flux and
y=0



Sh, = K hereq, =—-D; [@j is the surface mass flux respectively. (13)
DB (CW - CO ) y=0

By use of Equation 7 in above Equation 13, we obtain their dimensionless form,

cf Re, =(1+K) f'(0),
MXReX=(1+§jg'(o), . g;b
P v
Nu, (Re, ) 2 =6 (0), Q
1 >

sh, (Re,) 2 =-¢(0) | x&

where local Reynolds number denoted as Re, = b : v (b
|4 \

3. Numerical Method &

In this problem, 5" order Runge-Kutta-Fehlberg method Wlth Qgtechnique is used to obtain numerical
solution of ODE’s system (Equation 8-11) along with the ry conditions (Equation 12). Introduce the

new set of variables Q

41 =f6’0':f7:fﬁl7¢=f8|¢':fg_

For conversion process of ODE, and we get‘%eransformed algebraic equations are

=ty f=f, £ =1 {szafm ~ R+ (f,— A)(Ha+K')}, f, =,

1 2 2 3 3 1+ K 1°3 5 2 4 5

f; _(Lj —ffs+ =f,, f, ——Pr(ff f,f —Slf2+Nbf7f9+Ntf72), f, = f,,

f_PrLegf 1+f 4+ f S, f LN
1+f Nb

Along with the bo ndary conditions,

,fz Qg:mv f4:01 f5=m2, fezl_sv f7 =m, fa =1-5,, f9 =m, at 7 =0,

f,=Af,=01f,=0f,=0as n—ow

Here, the boundary condition includes the unknown values m;,m,,m,,m, for fixing 7 value. By changing
distinct values of unknown values to satisfy 77 — oo and do the same process until get two successive values
of £(0),9(0),6(0) and ¢ (0) (Senbagaraja and De [24]).



4. Results and Interpretation

During this session, we discovered the equivalence of the local skin friction coefficient and local couple
stress of present result to previous references, the numerical tabulation of skin friction coefficient, local
couple stress, local Nusselt number and local Sherwood number for notable values of separate parameters and

the graphical visualization and analysis of various admissible parameters on velocity profile f'(n), angular

velocity profile g(7), temperature profile &(7) and concentration profile ¢(7), which are replicat m
Fig.2 to Fig.16. o
Table 2 Reflects the comparison of local skin friction and local couple stress for various valu Hartmann

number and micropolar constant at Pr=0.71,Le =0.28, Nb = 0.1and other parameters taken as zero with
existing results Eldabe et al. [4], he used Chebyshev finite difference method for ¢ lﬁ&ns and Hsiao [3],
he used accurate finite-difference method for numerical results compared with ﬁ(’udy which is done by
Runge-Kutta-Fehlberg 5" order method; shows the good concurrence with this currept result.

Table 3 reveals that the increasing value of micropolar constant decays' i@tion coefficient and enhances
the local couple stress. The gain in porous parameter enrich both skin frietion coefficient and local couple
stress with fixed values of A=0.3,Ha=0.2,Pr=6.2. Skin fricti S the relation of shear stress on the
fluid surface, it make resistance to the fluid flow. When the mi m constant increase, the micro-rotation
of fluid also increases, so fluid resistance may neglected?thi ys the skin friction coefficient but porous
medium block the free flow, enriching the skin fricti al couple stress is denoted as resistance for
rotational movement, here micropolar constant an&;rc@rameter enrich the rotational resistance.

Table 4 shows that increment value of thermal stratification parameter and Prandtl number improves and
decays the local Nusselt number respectivel entheyPr=6.2,S, =0.1, Nb =1, Nt =0.5are fixed. The rate of

heat transfer is known as local Nusgeltagmber, stratification phenomena enrich it and Prandtl number is
indirectly proportional to thermal di ty,“so it decays the heat transfer rate. High value of porous
parameter adds resistance to the fl@id flow which thicker the thermal boundary layer and while heat absorbing
process rich chemical reaction lo @ e fluid temperature and decays the heat transfer rate.

Table 5 portrays the gra I@rovement of chemical reaction rate and temperature ratio which boost the local
Sherwood  number activation energy may decay the local Sherwood  number
withm=0.1,Le=0 Q.L Pr=6.2,Nb=1 Nt =0.5. Mass transfer rate is known as local Sherwood number,

activation ener ase the fluid reactors movement, which affects the mass-conducting process of fluid flow.
Strong chemical reaction enhances the mass diffusion near surface and increase mass transfer rate.

-3 répliCates the enhancement in both linear and angular velocity profile for increasing values of

ap”constant. Micropolar fluid has detailed microstructure property, like micro-inertia and micro
rotatigpal motion. When we increase micropolar nanofluids property, it will add some shear force to fluid
flow and thinner micro rotation boundary layer, which will help to improve the velocity of nanoparticles in
both linear and rotational fluid motion.

Fig.4 shows the mounting value of ratio of velocity boost the fluid velocity. The parameter A denotes the
proportion of free stream and stretching velocities. Free stream velocity is directly proportional to ratio of
velocity, so an increment in the parameter gives better fluid velocity.
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Escalating values of Hartmann number decay the nanoparticle velocity shown in Fig.5. The dimensionless
Hartmann number is relative to electromagnetic force, when it is high; it causes frictional action in fluid flow,
which is lead to reduce the fluid velocity.

The velocity of fluid flow is down for growing values of the porous parameter as sketched in Fig.6. Porous
structures add complexity to micropolar nanofluid flow because micropolar nanofluid has a micro-rotation
nature when we create pores in the fluid flow medium which boosts the hydrodynamic resistance. %ﬁlis
phenomena, the velocity of fluid flow decays.

[
The Prandtl number defines the ratio between momentum diffusivity and thermal diffusivity. er Prandtl
number creates more viscosity in fluid flow and it tends to lower thermal conductivity @f namoparticles in
fluid. So acclivity in the Prandtl number diminishes the heat transfer of fluid marked in

An increment in thermal stratification parameter slows down the thermal conddetivity property of fluid flow
as sketched in Fig.8. Stratification means developing the different layers, it comes to thermal
stratification, it splits the fluid layer depending on the hottest to coldest This formation acts in micro-
rotational fluid motion and can affect heat transfer in fluid flow. ¢ %

The augmentation of Brownian motion parameter boosts the therm MCtivity of the fluid which shown in
Fig.9. Random collisions on tiny particles known as Brownian iorY, when they meet micropolar nanofluid
act like effective mixer of particles, it improves the rotaton and reduce the resistance of fluid flow.
The result is favorable for heat transfer. N

Fig.10. sketches the gain in Brownian motion par glitates the concentration profile in fluid flow. The
high molecular collisions improve the rotational motign of the micropolar fluid; this confused heavy flow
affects the mass transfer of the fluid, so the coacentration field may decrease.

Excellent heat transfer is derived wh hment made in the thermophoresis parameter replicates in Fig.11.
Suspended molecular dancing in the flu w due to temperature gradients means the thermophoresis effect,
which can add extra energy to sicropolar fluids and cause effective thermal conductivity by energetic
particles.

A stronger Lewis numb ns the concentration profile shows in Fig.12. Lewis number is indirectly
proportional to mass diffligivity, so enrichment in Lewis number make deceleration in mass transfer of fluid

flow.
Fig.13 shows that ;lchment of solutal stratification parameter weakens the concentration field in fluid flow.
f

Fluctuation-# luid layer with distinct concentrations of solutes is notated as solutal stratification and
thesg fluc dissolved solutes have low mass transfer in the fluid. This concentration dependent layer
form akes concentration boundary layer as thinner and profile faster decays.

Fig.14 depicts the gain in chemical reaction rate decays the concentration profile. When chemical reactions
happen in micropolar fluids, they have some consequences like slow diffusion in the fluid, so reactants face
issues in motion. In endothermic reactions the chemical species is consumed and boundary layer becomes
thin, which leads to decreases in concentration profile.



Ascending values of the fitted rate parameter give descending nature to concentration profile which portrays
in Fig.15. When we fix a high fitted rate value, it collapses the concentration field and makes exponential term
steeper, so the reaction term becomes stronger at high temperatures. Which shows aggressive solute
consumption in surface and concentration become decays.

Increasing value of activation energy enrich the concentration profile which shown in Fig.16. In concentrated
fluid flow, while increase the activation energy leads to low reaction rate and slow species consuming 4 id

flow; that’s why high concentration are retained in fluid flow which enrich the concentration. Q
o

5. Conclusions x

This write-up analyses the thermal and solutal stratification in stagnant micropolar na %W embedded
in porous medium with addition of chemical reaction and activation energy in sheet. Different
parameters are investigated with distinct values in pictorial representation Kﬂ also in numerical
tabulation ways. Key findings are highlighted below:

e Comparison between both local skin friction coefficient and® @tress for different values of
Hartmann number and micropolar constant with explored pre &mdings reveals good concurrence
with the current result.

e Local skin friction coefficient enhances for porous p and decays for micropolar constant.
Local couple stress improves for both porous parameter”agd micropolar constant.
¢ Gradual mounting values of thermal stratification ter and Prandtl number arise and suppress the

heat transfer rate, respectively. Porous p eter chemical reaction rate constant are decays the
heat transfer rate.

Local Sherwood number gets boosted for igereasing values of chemical reaction rate constant and
temperature ratio and quite oppositely for activation energy.

Acceleration in micro-polar %n ave better enhancement in linear and rotational motion

velocities.

Ascending values of Hartmann number and porous parameter diminish the velocity of fluid and gain a
straight opposite result f ratio of velocity parameter.

Temperature decomp@ high values of Prandtl number and thermal stratification parameters and
develops for incr umbers of Brownian motion parameter and thermophoresis parameter.

Concentration Q fluid flow falls down for an acclivity in the Brownian motion parameter, Lewis

number, s ratification parameter, chemical reaction rate constant and fitted rate parameter.

This is en dfor activation energy parameter.
6. Future Sca@

predominantly used in biomedical field due to micro-rotation fluid property and stagnation
ow, so we can extend this model for blood flow with various geometries.
* ing specific nanoparticles to enhance the heat and mass transfer property of fluid such as hybrid
luid model.
*  Performing entropy generation to reduce energy losses and for high efficiency result we can add
sensitivity, stability analysis. Artificial neural network prediction also used to enhance the accuracy of
results.

k

Nomenclature
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a,,a,,d;,d, | Constants N | Angular velocity of fluid (rad/s)

A Ratio of stretching rate constant Nb | Brownian motion parameter
b,e Stretching rate constant (s™) Nt | Thermophoresis parameter

B Magnetic field Pr | Prandtl number

B, Intensity of magnetic field (A/m) S, | Thermal stratification parameter
C Fluid’s concentration (mol/m®) S, | Solutal stratification paramete
C, Allusion concentration (mol/m?) T Fluid’s temperature (K) Vo {b
C, Wall concentration (mol/m?) T, | Allusion temperature‘
C, Atmosphere concentration (mol/m?) T, | Wall temperature

D, Brownian diffusion coeffeicent (m?/s) T, | Atmosphere te re (K)

D, Thermophoresis diffusion coefficient (m?/s) U, | Stretching

E, Activation energy (J) U, | Freestre

E” Activation energy parameter Greek symbol

Ha Hartmann number a '@\ diffusivity (m?/s)

J Micro inertia density (m?) ) perature ratio

k, Permeability constant (m?) hemical reaction rate constant
K, Vortex viscosity (Kg m™ s1) ) \ Spin gradient viscosity (N s)

K, Chemical reaction constant (s2) i n Similarity variable

K, Boltzmann constant (J/K) A y7, Dynamic viscosity (Pa s)

K Micropolar constant h £ | Fluid density (kg/m°)

K* Porous parameter ‘/ o | Electric strength of fluid (S/m)
Le Lewis number 4 T Heat capacity ratio

m Fitted rate 1% Kinematic viscosity (m?/s)

J
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Table 2: Compasi f local skin friction coefficient (—f"(0)) and local couple stress (g (0)) for
distinguishable Hartmann number ( Ha) and porous parameter (K)
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0.3 1.1700 0.1144
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Table 3: Numerical tabulation for skin friction coefficient and local couple stress of micropolar constant (K )
and porous parameter (K ")
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Table 4: Numerical tabulation of local Nusselt number (-6 (0)) for al stratification parameter (S,),
Prandtl number (Pr), porous parameter (K~ emical reaction (&)
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Table 5: Numerical &y’on of local Sherwood number (—¢ (0)) for chemical reaction rate (¢ ), activation

@ energy (E") and temperature ratio (&)
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