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Abstract:

To study the material behavior of axisymmetric flow in micropolar fluid for exchange of heat/mass in a
disk placed over permeable regime taking into account the effect of heat generation, diffusion thermo,
Brownian motion and thermophoretic effect. A suitable similarity transformation is adapted to convert
the governing PDEs to non-dimensional form. A well-tested, numerically stable MATLAB code in
connection with Bvp4c is employed for the conservation of equations. The noticeable features of the
relevant parameters on micropolar fluid flow for axial velocity, radial velocity, micro-rotation,
temperature and species concentrations profiles are accentuated on the plots using MATLAB. It is found
that angular velocity is enhanced for augmentation in material parameter. Moreover, due the effect of
thermophoretic force, the thickness of thermal and concentration boundary layer are enhanced. In
addition, thermal diffusion becomes more for augmented vortex viscosity, and an amplified thermal and
molar concentration boundary layer thicknesses can be found. This study incorporates numerous
engineering applications on rotating machineries, spin-coating, centrifugal pumps, computer storage
devices, chemical engineering and different aerodynamic issues. Also, this analysis signifies great
impact on biomechanics and stenosis related issue in medical sciences.

Keywords: Axisymmetric flow, micropolar fluid, material variables, Brownian motion, thermophoretic force,
diffusion thermo.

NOMENCLATURE
B,  magnetic field strength Sg spin gradient viscosity parameter
B, Brownian motion parameter T dimensional temperature of the micropolar fluid,
K
C  dimensional concentration of the fluid, To temperature at the surface of the disk, K
mol/ m®
C, concentration of the stretching disk, mol/ T temperature of the free stream, K
m3
C, concentration of the free stream, mol/ m® Ty thermophoresis parameter
D mass diffusivity, m?s™* u,w  dimensional velocity component, m/s
Dy co-efficient of mass flux, through v, micropolar parameter
temperature gradient
Dy  Dufour parameter Greek Letters
f(m) non dimensional axial velocity n similarity variable
f'(m) non dimensional radial velocity y spin gradient viscosity
g* acceralation due to gravity, m/s? K thermal conductivity of fluid, W/(m.K)
g(m) non-dimensional angular velocity U viscosity of fluid, kg-m™"-s™!
H, magnetic parameter v kinematic viscosity of fluid, kg-m"-s™!
H,  heat generation parameter 1) pseudo-angular velocity, s™!
j  micro inertia density coefficient p density of the fluid, kg/m?
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k*  dimensional vortex viscosity coefficient, (pC,) heat capacitance of the base fluid, J/K

Pa.s
M, micro inertia density parameter ¢(m) non-dimensional concentration
M dimensional angular velocity, s* o electric conductivity, Sm™!
P,  porosity parameter 6(m) non-dimensional temperature
Pr  Prandtl number (r,¥, z) cylindrical polar coordinates

r  radius of the disk, m
K,  dimensional porosity

1. Introduction

Micropolar fluid flow became a popular phenomenon among the researchers for its significant applications and
uses in various fields, such as the manufacturing of polymer liquid crystals, drilling of oil, manufacturing of exotic
greases, colloidal interruptions, exquisite stones hardening, polymer expulsion, geothermal reservoirs and many
more. Eringen (1966, 1972) introduced a theory on micropolar fluids that indicate specific microscopic effects
developed by viscous fluids consist of rigid random oriented (or spherical) particles with the support of pressure,
body moments and spin inertia. The importance of micropolar fluid is also visualize in the study chemical
engineering, environmental sciences, biomedical sciences and geophysical fields.The theory and applications of
micro-polar fluids and its importance is presented by Qukaszewicz (1999). Numerous numerical technique for
micropolar fluid is developed and discussed by Beg et al. (2011). By adding some new concepts to these earlier
works, many researchers tried to improve the solutions for micro-polar mixed convective flow through porous
over inclined surface with different physical situation Das (2012); Kasim et al. (2013) using numerous
methodologies.

Micropolar fluid flow and exchange of heat and mass between rotating disks has many practical engineering uses
and also a topic interest for the research community. Doh and Muthtamilselvan (2017) examined the effect of
flow of micropolar fluid with thermophoretic effect for heat and mass exchange over a rotating disk with uniform
magnetic field. The effect of various parameter related to micropolar fluid are discussed by Rauf et al. (2015) for
axial and radial velocity. We have found many literature on MHD micropolar fluid over rotating disk by Ersoy
(1999), Khan et al. (2014), Rehman et al. (2017), Muhammad et al. (2017), Mustafa (2017) and seen their
significant technological applications. Takhar et al. (1999, 2000, 2003), Chamkha (1997a, 1997b), Chamkha and
Khaled (2000), Chamkha (2000) and Modather et al. (2009) discussed about combined effect of exchange of heat
and mass with thermal radiation in various conduits. Ahmed (2010) analytically studied the effect of induced
magnetic field for radiating fluid.

It is observed that, due to simultaneous transfer of heat and mass, the Dufour effect is generated. The movements
of mass gradient is to create the heat flux, which changes the temperature of the micropolar fluid. Moreover, the
mass flux generated due to temperature gradients is the thermal diffusion, which plays an important role in fluid
flow. Numerous numerical technique is utilized by the researchers to solve the developed model by them and to
get the desired output. Ahmed et al. (2014), Zueco et al. (2017) developed a 2-D model for exchange of heat and
mass and investigated the effects of thermal diffusion and Soret number for a MHD flow.

The motion of random particles, ie. the Brownian motion, which is formed due to the continuous collision of the
molecules in the adjoining medium signifies a dynamic role in the area of science and biology. The Brownian
motion effect with thermophoresis and viscous dissipation for various nanoparticles is discussed by Hazarika et
al. (2021), Hazarika and Ahmed (2021), Hazarika et al. (2021) and also they put out their conclusions about the
effects of nanoparticles volume fractions. Simply, the migration of a huge number of molecules to a macroscopic
temperature gradient is known as Thermophoresis and it has a great impact on the study of nanofluid flow.
(Sheikholeslami et al., 2015) predicted the importances of such effects on nanofluids and conclude that nanofluid
temperature is raised with the growth values of Thermophoresis parameter. The model developed by Beg et al.
(2020), Hsiao (2017), Sabir et al. (2020), Hayat et al. (2017), Feroz et al. (2019) integrate the outcomes of
Brownian motion, thermophoresis, Prandtl number, Lewis number and these studies have been considered as
important research topics for the wide range of scientific and engineering uses such as, processing of lubrication,
cooling and polymer, materials damage due to freezing, food processing. MHD flow of nanofluid with micropolar
effect for different significant parameters like suction are discussed by Ezzah et al. (2014). They detected that the
profiles of velocity and angular velocity rise with the growth of material parameter. Reddy et al. (2017) deliberated
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the outcomes of MHD boundary layer flow of Cu and Ag nanoparticles with base fluid water with volume fraction
taken as 1:4 ratio, in a rotating disk over a porous area for various physical effects. They observed that temperature
profiles raised with the accumulative values of nanoparticle volume fraction. The model for heat/mass exchange
due to convection and effect of micropolar fluid in a constantly stirring isothermal surface submerged in a medium
which is thermally and solutally stratified, is numerically studied by Rashad et al. (2014). Rashad and Chamkha
(2013) investigated the effect of Soret and Dufour on time dependent angular velocity case for heat/mass exchange
of mixed convection flow above a vertical revolving cone in a fluid with the impact of Hartmann number and
chemical reaction. Reddy and Chamkha (2016) investigated the effect of thermophoresis on heat and mass
transfer flow of a micropolar fluid in the presence of Soret and Dufour effects past a vertical porous plate. Effect
of variable viscosity and thermal conductivity for MHD fluid in moving isothermal plate is discussed by Ahmed
et al. (2020). Recently, Zemedu and Ibrahim (2020) elaborately discussed the micropolar nanofluid flow over a
rotating disk in details through explaining all about the involving parameters.

The novelty of the concerned model is to deliberate the outcomes drawn from the present problem solved
numerically by employing MATLAB bvp4c solver and plotted graph using MATLAB code. We have studied the
gradients of velocity, temperature and species concentration at the disk and displayed via Tables. Material
variables have significant outcomes over the stretching disk and can be communicated with material science and
engineering due to stress and strain of the studied micropolar fluid. Furthermore, as diffusion thermo is the
phenomenon of transfer of chemicals by motions of molecules, so this study is significant in chemical engineering,
and it has a great role in temperature as well as concentration profiles. Diffusion thermo is useful in chemical
industry for catalyst design, chemical reactor and to modify the properties of various chemicals. Moreover, to
regulate the chemical processes like absorption, extraction and distillation thermodynamics is very essential in
chemical engineering.

Boundary layers TG (13

By

Porous Medium

Fig. 1: Flow Model and Coordinate System (Zemedu and Ibrahim, 2020; Rauf et al. 2015).

2. Mathematical Formulation

We have considered a steady incompressible electrically conducting micropolar fluid over a disk placed in a
porous medium in existence with heat generation, thermophoresis and Brownian motion effects and the flow
formation is presented in Fig. 1. We choose a coordinate system in cylindrical co-ordinate as (r,v, z), where
direction of radius of disk is considered as r-axis and the uniform magnetic field B, is placed in the way of z-
axis, transverse to the surface of disk. The flow is supposed to be axially symmetric about the vertical z-axis and
rotates with angular velocity w. The velocity and angular velocity components of a fluid particle are respectively
considered as (u,v,w) and (Ny, N,, N3) in the direction of r, 1 and z. Therefore, due to axially symmetric flow
the components of velocity and micro rotation can be chosen as:

{u =u(r,z),v=0,w= w(r,z)}
N, =0,N, =M(r,z),N; =0 )"
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The governing equations are (Rauf et al. 2015; Zemedu and Ibrahim, 2020):
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The equations are subjected to the following boundary conditions (Rauf et al. 2015):

{u=rw, w=0, M=0, T=T, C=C, at Z=0}
u-0, w0, M-0,T->T,,C—>C,as z— o ,)’

Variables for similarity transform are stated as

n=z\/?, u=—r7wf’(n), M= \Frwg(n) l

| w=Wvefm, o0 = =, =

—c.)
Using similarity transformations (7), the converted equations (2) to (5) are

nr flz n r !
L+ W)+ = ff" +2V,g = (Ha + B)f =0,

" f'g f!
M,g" + S, (fg -— - 2g+7 =0,
— Prfo’' — H,6 + Df¢” =0,
T
¢”—5cf¢’+B—h9"=0,
m

TO _Too

primes denote differentiation with respect to the similarity variable 7 .

The concerning non-dimensional parameters are:
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The reduced boundary conditions are:

{f=0,f’=—2, g=0,0=1 ¢=1at n=0}
f-0f-0,g-0,0-0,¢ »0asn—->o,

€y

(2)

3)
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)
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€
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(12)

(13)
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3. Calculations of Physical Parametersatn = 0

The coefficient of skin friction, the rate of heat transfer and the rate of mass transfer at the surface in dimensional
form are defined as:

- 2Tw N Tqm ran r]w
Cf=——, Nyy=—"—, Shy=—-—"— 14

r=eer VT m - T DG - ) s
where t,, , ¢, and J,, represent the shear stress, heat flux and mass flux at the surface (z = 0) respectively, and
defined as:

welwrZ] v M, as)
aT
am = _KE o (16)
aC
Jw = —Dg £ o 17)

By utilizing the Egs. (15) — (17), the coefficient of skin friction, the rate of heat transfer and the rate of mass
transfer in non-dimensional form are:

Cr = —(Re,)” {1+ V,}f"(0),
Nu, = —(R,,)6'(0),
Shy = _(Rex)d)’(o):

where R, indicates the local Reynold’s number R, = rvw/\.

4. Methodology

Here we have adapted bvp4dc MATLAB code to resolve Equations (8) — (11) with the help of boundary conditions
(13). Generally, a boundary value problem of the form y' = f(x, y, ¢) subject to the general non-linear, two-point
boundary conditions g(y(a), y(b), c) = 0 where a < x < b is solved by adapting bvp4c. The three stage Lobatto-
Il [Gonzalez et al. (1995)] a formula is utilized for this finite difference code. The methodology involves two
basic functions such as function for first order differential equation and residual function for boundary conditions.
For example, we have taken f as y(1), f' as y(2), f" asy(3),g as y(4), g’ asy(5), 0 as y(6), 0" as y(7), ¢ as
y(8) and ¢’ as y(9). Also for the boundary conditions, we have chosen such as y0(1) = £(0),y0(2) =
f'(2),y1(1) = f(1),y1(2) = f'(1) and so on. At the beginning of the program, to solve this problem by bvp4c,
we have to put a number of functions like the ODE functions, initial data and parameters value.

5. Validity and Accuracy

For confirmation of the validity of current numerical scheme, we have matched the numerical values with those
established by Rauf et al. (2015) on the distribution of 6 for I}, at H; = 0 and H, = 0.2 over the surface of the
disk and achieved an acceptable agreement. The results obtained are well validated via Table 1.

Table 1: Distribution of 6 for Vj, and H,

Rauf et al. (2015) Present model
atH, =0 atH; =0.2
(without heat generation) (with heat generation)
Vy v,

1 1 3 1 3
0.0 1.00000 1.00000 1.00000 1.00000
1.0 0.63574 0.66117 0.64849 0.67853
2.0 0.38908 0.40469 0.40388 0.42662
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3.0 0.19963 0.21820 0.20211 0.23906
4.0 0.01272 0.05361 0.02780 0.08392
5.0 0.00000 0.00000 0.00000 0.00000

6. Results and Discussion

The transformed equations are solved numerically by MATLAB bvp4c with the parameter stated below Pr =
071, H, =5, V, =2, M, =05, S, =05, B, =2, T, =03, H, =2, B, =02, D; = 0.5,Sc = 0.78. In

addition, we have studied the shear stress, Nusselt number and Sherwood number for different parameter and
placed the results in Table 2, 3, and 4 respectively.

2.

0 2 4 6 8 10
n

Fig. 2(a): Radial velocity profile for S, Fig. 2(b): Axial velocity profile for S,
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Fig. 3(a): Radial velocity profile for V, Fig. 3(b): Axial velocity profile for I,

Figs. 2(a — b) interprets the influence of S, on the profiles of radial (—f") and axial (f) velocity. It is perceived
that the outlines of both the velocities are ran up by rising the values of S;. Higher spin gradient viscosity boosts
the momentum of the molecules of the micropolar fluid in negative direction and hence augmented numerical
values are obtained in radial velocity (—f'). Maximum enhancing values occurred in —f” towards the direction of
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the disk and its corresponding boundary layer width. Similar behaviour has seen in f along the radial direction
(transverse to axial).

The impact of 1, on radial (—f") and axial (f) velocity contours are exhibited in Figs. 3(a — b) respectively. It
demonstrates that the velocity profiles are amplified by increasing V,. Applying vortex viscosity (1},) to the
velocity, the heat is generated in the boundary layer and the molecules of fluid transmitted the heat from lower to
the higher region and hence the micro-polar parameter accelerated the fluid velocity along axial and radial
direction (transverse to axial) and its corresponding boundary layer width. The molecules of the micropolar fluid
are travelling along the radial direction whenn > 1.

0251 04r

0.351 1§ ----M,=05
0.2} :
I
0.3k8 g

M, =2.0

0.15+ Sg =0.2,0.4,0.6,0.8 0.25f
g
g 02}
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0.1
0.05

0.05

Fig. 4: Angular velocity profile for S, and M,, Fig. 5: Angular velocity profile for 1, and M,,

Fig. 4 portrays the effect of S, and M,, on the contours of angular velocity. It is noted from Fig. 4 that the profiles
of g upturn by enhancing the values of S, but this effect is reversed for M,,. Also profiles of g boosts near the
surface of the disk, and they asymptotically declines far away from the surface. Higher micro-inertia density
resists the free movement of molecules of micropolar fluid that leads to the retardation of spin about the vertical
axis, while free movement of molecules are available for lower micro-inertia density which accelerates the spin
of angular velocity.

The variation of 1}, and M,, over the angular velocity is represented by the Fig. 5. The augmented values of the
vortex viscosity enhanced the angular velocity very closer to the disk. This elevation of angular velocity has
occurred because of weaker stresses of the molecules exerted by the vortex viscosity. Smaller micro-inertia density
is dominant over the greater micro-inertia density on the angular velocity as higher V;, physically represents the
sluggish motion of the molecules about the axis of rotation.

The impacts of D, and V,, on the profiles of 6 and ¢ are plotted in the respective Figs. 6(a) and 6(b). Dufour
(1873) had deliberated the Dufour effect (D) and is the cross-diffusion effect due to simultaneous occurrence of
heat and mass transfer in a moving fluid affecting each other. Itis represented as Dy = (impact of the concentration
gradients) / (thermal energy flux) and it is also termed as diffusion thermo. The trends of concentration gradient
is to create the energy flux, which changes the temperature of the micropolar fluid. Here D, = 0.1,0.2,0.3,0.4(<
1) indicates that thermal energy flux dominant over the concentration gradients and the higher thermal energy
boosts the temperature (Fig. 6(a)) of the micropolar fluid for the augmented Dy, while this behaviour on species
concentration (Fig. 6(b)) is converse to temperature curves. The D, can be made significant in binary gas mixtures
(Hollinger and Liicke, 1995). Profiles specify that the values of temperature and species concentration enhance
with the growth of V,, because thermal diffusion becomes more due to the rise in the vortex viscosity of the fluid,
and an augmented thermal and molar concentration boundary layer thicknesses can be exhibited.
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Fig. 7: Temperature profile for , and B, Fig. 8: Temperature profile for H, and 1,

Fig. 7 indicates the consequence of V, and B, on the sketches of g. On improving V}, the contours of g gets
enlarged, but trend is opposite for B,,. Also, when the values of 1, is boosted, the thermal boundary is also
enhanced, which heightens the motion of fluid molecules, and results in improving temperature. The
thermal motion is a sensation that contains the continuous random bombardment of atoms and molecules in a
liquid or gas due to thermal energy, which generates the Brownian motion (Robert Brown, 1828). In lower viscous
molecules, smaller size of molecules, and higher temperature, the Brownian motion may develop. The Brownian
motion parameter (B,,,) is the ratio of the nanoparticle diffusion due to the Brownian motion effect to the thermal
diffusion in the nanofluid. According to Einstein-Stokes equation (Buongiorno, 2006), the Brownian motion is
proportional to the inverse of the particle diameter and hence the Brownian motion can be enhanced when the
diameter of the particle is augmented. Therefore, the augmented B,,, declines the fluid temperature. Higher B,,, =
3 (€, > C,,) implicates that the diffusion owing to Brownian motion is dominant over the thermal diffusion and
therefore, the thermal boundary layer becomes very thicker than that of lower B,, = 0.3 (C; < Cy).

The temperature distribution is illustrated in Fig. 8 under the variations of }, and Hy. In physical point of view,
heat always describes the transfer of thermal energy between molecules of the micropolar fluids within a system
and it reflects how energy moves or flows. However, fluid temperature describes the average kinetic energy of
molecules within a system. It is noted that the amount of heat transferred is directly proportional to the change in
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temperature and therefore, the heat is transmitted through higher to lower that the augmented heat generation
declining the temperature in micropolar fluid over the disk. In the environment of heat generation, the temperature
of the micropolar fluid is escalated for the variation of vortex viscosity. In particular, the thickness of thermal
boundary layer becomes very thinner at 1, = 5.0 and H; = 0.5.

1.2T 1
1 Ty =50
0.8}
- = =T,=0.5
0.8}
¢ 0.6
0.6 ¢
0.4

o} V, =0.1,0.3,0.6,0.9

B | 0.2}
0 = 0
0 1 2 3 4 5 €
n
Fig. 9: Concentration profile for D, and P, Fig. 10: Concentration profile for I, and T},

Fig. 9 shows that the profiles of ¢ for Dy and B,. In fluid Mechanics, porosity (P,,) of a material is the measurement
of its ability to hold a fluid, while permeability is a measurement of the fluid flow easily through a porous material.
In practice, a medium may be extremely porous, but the pores are not well connected, then the permeability may
not arise in that material. Physically, P,, is the measurement of void spaces in a material and it can be termed as
B, = (volume of pores) / (volume of bulk solid bodies) and is usually expressed as a percentage. Porosity =
(Volume of Voids / Total Volume) x 100%. In this investigation, the porosity is based on Darcy's law after the
name of Darcy (1856) and is related to the flows of fluid and may be applied in petroleum reservoirs. Also, it may
be encountered in geothermal sciences, engineering, biological applications and agriculture. The porosity is
always behaves like a drag force which resists the motion of diffusive molecules in the species concentration
layers and that implicates the declination in molar concentration (¢). It is observed that profiles become decline
for larger values of Dy. Itis found that a rise in the Dy parameter caused a diminish in the concentration resulting
in the movement of molecules from higher concentration to a region of lower concentration which down the
concentration gradient. That is why the profiles of ¢ is reduced. In the areas of Hydrology, Petrology and
Geosciences, Dy has significant characters.

Fig. 10 displays the effects of I, and T}, on concentration profiles, respectively. It is seen that contours of ¢ are
uplifted significantly for bigger values of 1, and T,. The phenomenon of Thermophoresis may exit in the
combinations of mobile particles, in which the force of a temperature gradient can be observed due to the different
responses given by different types of particles. In the physical point of view, thermophoretic forces (T},) generated
the temperature gradient between the heated fluid and the non-heated surface which effects the movement of
nanoparticles near the surface. Therefore, T}, is generated the elevated curves and develops the growth of molar
species layers. Higher T}, = 1.0 (T, > T,,) generates augmented numerical values of ¢ in the molar species layers
for the application of vortex viscosity. T, = 0.1 (T, < T,,), which means that the temperature gradient is higher
that suppress the motion of molecules and it is opposite to T;, = 1.0. diffusion of molar species is least. In absence
of vortex viscosity 1, = 0, the molar species layers become less thick.

The velocity gradients, temperature gradients and species concentration gradients at the disk (n = 0) are
illustrated in the respective Tables 2, 3, 4 with the impact of material variables and other physical parameters.
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Table 2: Distribution of Skin Friction Co-efficient.

Skin Friction (Cy)
R, V, =1.0 V, =2.0 Sy =0.2 S, =08 H, =2 H,=5
0.1 118.263 177.395 120.622 118.803 45.2854 95.1041
0.2 59.1317 88.6976 60.3114 59.4019 22.6427 47.5520
0.3 39.4211 59.1317 40.2076 39.6013 15.0951 31.7013
0.4 29.5658 44.3488 30.1557 29.7009 11.3213 23.7760
Table 3: Distribution of Rate of Heat Transfer.
Rate of Heat Transfer (Nu,)
R, T, =2.0 Ty, =4.0 B,=04 | B,=08 H; =05 Hy = 2.0
0.1 -0.2705 -0.1627 -0.1627 -0.2705 -0.0226 -0.0248
0.2 -0.5410 -0.3255 -0.3255 -0.5410 -0.0453 -0.0496
0.3 -0.8115 -0.4882 -0.4882 -0.81157 -0.0680 -0.0744
0.4 -1.0820 -0.6510 -0.6510 -1.0821 -0.0907 -0.0992
Table 4: Distribution of Rate of Mass Transfer.
Rate of Mass Transfer (Sh,)
R, T, =2.0 T, =4.0 B,, = 0.3 B,, = 0.8 v, =10 V, =3.0
0.1 0.72735 0.46256 0.16926 0.46256 0.20348 0.15021
0.2 1.45470 0.92512 0.33857 0.92512 0.40697 0.30042
0.3 2.18206 1.38768 0.50786 1.38768 0.61046 0.45063
0.4 2.90941 1.85024 0.67715 1.85024 0.81395 0.60084

Table 2 describes the distribution of C for R, ,V},, Sy and H,,. Cy is boosted for 1, and H,,. A substantial reduction
of C; is detected for the augmented R, and S, . In Table 3, it is perceived that for the variation of B,,,, H; and R,
the rate of heat transfer (Nu,.) is slowed down, while reverse behavioral numerical values of Nu, arises for T;,.
Table 4 signifies that, Sh, is escalated for higher values of R, and B,,, but trend is opposite for V;, and Ty,.
Materially, Nusselt number is communicated as Nu, = (Convective Heat Transfer) / (Conductive Heat Transfer).
Augmented R, falling the curves of Nu, atn = 0, which means that the heat is conducted by the molecules from
surface to the nanofluid region.

Rayleigh number (R, ) is calculated as R, = (Buoyancy force) / (Thermal diffusivity). Nu, has exponential
decay for augmented R, that indicates that heat is exchanged from thermal diffusivity to buoyancy forces in
nanofluid region and this behaviour is reversed in Sh,.

Sherwood number is assigned as Sh, = (Exchange of mass by convection) / (Exchange of mass by diffusion). An
exponential growth is calculated in Sh, by the swelling R, .. Adjacent to the disk Sh, < 1 means that diffusion
is leading over convection, and away the disk Sh, > 1 that progressively mass is transported through convection
to the diffusion.

7. Conclusion

The significant outcomes of the numerically analyzed micropolar hydromagnetic fluid over a disk with
thermophoresis and heat generation effect are stated in this section. The conclusions have been picked up for
different values of the involving parameters. The prime outcomes of this investigation are as follows:

e The outcomes achieved at this point are beneficial in engineering problems, mostly, in energy systems,
rheology, material processing, lubrication and biomedical applications.
e The axial and radial velocity upsurge with the augmented values of 1, and S,.
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e 1, has a weighty impact on temperature as well as on angular velocity.

e There is a rise in magnitude of the profiles of g with an enhancement 1, and S, near the surface of the
disk, but they gradually decay far away from the surface, but g is a decreasing function of M,,.

e The temperature of micro polar fluid has been amplified for the advanced values of }, and D;.

e The augmentation of the profiles ¢ is detected for higher values of T, and V,, but profiles behave
oppositely for Dy and B,.

e An upsurge in values of R, causes reduction in the distribution of C; and Nu,, while enhancement is
Sh,.

e Atn =0,all Nu, < 1 implicates that conduction is dominant over the convection and therefore, heat is
transmitted by conduction from surface to the nanofluid region.

e Rayleigh number physically associated with buoyancy-driven flow, so it signifies that the natural
convection boundary layer is laminar.

e The persistence of computation of mass flux is to comprehend, and possibly design or control in the
system of exchange of mass and it occurs in absorption, evaporation, drying precipitation and distillation.
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