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Abstract:

This research paper explores the intricacies of heat and mass transfer in a vertical channel with
immiscible fluids, delving into the dynamics of two-fluid flows. The study investigates the impact of
variable viscosity and thermal conductivity on the transfer processes within the channel. Additionally,
the incorporation of thermal slip effects is considered, adding a layer of complexity to the analysis. The
Runge-Kutta sixth-order method, implemented through Mathematica ND Solve technics, ensuring
accurate numerical simulations. An extensive examination of dimensionless velocity, angular
momentum, energy, and diffusion is performed across all pertinent parameters, and the results are
graphically illustrated to draw meaningful conclusions. This visual representation simplifies the
comparison of transfer rates along the channel wall. Bar charts visually represent key elements of heat
and mass transfer, including shear stress, the Sherwood number, and the Nusselt number, to make it
easier to compare transfer rates along the channel wall. The outcome has shown that there is a
significant effect of pertinent parameters on both heat and mass transfer.

Keywords: Heat and mass transfer, vertical channel, immiscible fluids, variable viscosity, thermal slip, RK

method.
NOMENCLATURE Greek symbols
U,,U, Velocitiesin Region 1 and Region 2 p1, P, Density of fluid in Region 1 and Region 2
Uy Average Velocity B1,B, Coefficient of Thermal expansion in Region

1 and Region 2

andvy = -h
To Average Temperature o Electrical conductivity
ki, k, Thermal conductivity in Region 1 and T Magnetic Field Permeability
Region 2

g Acceleration due to gravity
H, Magnetic Field Intensity

Sty, Stz Shear stressaty = —hyand y = ~hy
K Vertex viscosity

1. Introduction

Heat and mass transfer phenomena are integral to the functioning of numerous engineering applications, ranging
from chemical processes to energy systems and environmental engineering. The continuous evolution of
technology and the need for enhanced efficiency in these systems have sparked renewed interest in unraveling the
intricacies of thermal and fluid dynamics in various configurations. Farooq et al . (2014) investigated the impact
of physical parameters significantly influence mass and heat transport in vertical channels with two-layer flows
of non-Newtonian fluid. Farooq et al. (2024) studied the flow of a fluid with varying viscosity and coupling tension
between inclined plates, focusing on heat and mass transfer. Shah et al. (2024) analyze heat transfer in a
magnetohydrodynamics-affected flow over a flexible Riga wall while considering the rate of entropy
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development. Hwang et al. (2024) analyzed the process of heat transmission that occurs when condensation takes
place on a vertical channel bundle with the inclusion of non-condensable gases. Jabeen et al. (2024) research
takes bioconvection, activation energy, and viscous dissipation into account as it statistically examines the
boundary layer flow of a Williamson nanofluid. Cheruku et al. (2023) explored Vertical channel flow of
micropolar and viscous fluids, considering slip conditions for velocity, thermal, and diffusion are analyzed in the
context of heat and mass transfer. Khan et al. (2023) examined the thermal and mass transfer in the movement of
Williamson magnetohydrodynamic nanofluid over a large surface area.

Vertical channels are essential in engineering for heat and mass transfer, and they play a dynamic role in systems
like heat exchangers. Their upright orientation is crucial in heat exchangers, condensers, and evaporators. An in-
depth comprehension of fluid dynamics, thermal conduction, and mass diffusion in vertical channels is essential
for achieving optimal system efficiency. These channels unique characteristics make them a focal point in
designing and optimizing engineering systems requiring efficient heat and mass transfer. Khan et al. (2024)
investigated the magnetohydrodynamic (MHD) behavior of a third-grade fluid as it flows through a vertical micro-
channel containing with porous material. This study utilized the semi-implicit finite difference approach. Kalyan
et al. (2023) examined the thermal and diffusion processes in two separate flows of Jeffrey fluid that do not mix,
occurring within a vertical conduit. Babu et al. (2011) explored Thermal and mass transfer occur in the Vertical
fluid flow within a channel through the utilization of the Finite Element Method (FEM).

Two-fluid flows introduce additional complexity, as interactions between different fluid phases significantly
influence the overall transfer characteristics. This is particularly relevant in scenarios involving phase change,
such as boiling or condensation, where the simultaneous presence of two fluid phases in a vertical channel poses
intriguing challenges. Multiphase flow occurs many natural phenomena and it has many applications chemical
industries and process industries. Leclaire et al. (2013) explores developments in lattice Boltzmann models, which
are used to simulate the behavior of immiscible fluid mixtures, or components with different viscosities and
densities. Xu, het al. (2024) examines and contrasts the merging of droplets that do not mix together in liquids
with different levels of thickness with their miscible counterparts using experimental research. Bashir et al. (2023)
investigated the dynamics of two immiscible layers of micropolar and viscous fluids that rotate evenly. Suresh
Babu et al. (2019) examined the thermodynamic and fluid dynamic Fluid dynamics in a channel with varying
width in a vertical orientation, taking into account the influence of the Soret and Dufour effects. Huang, Hulin, et
al. (2024) Researchers in the field of bioengineering study how mass and heat move through multilayered flows
that have two fluids that don't mix and are moved by beating cilia. Potyka, et al. (2024) investigated a three-
dimensional direct numerical simulation using the volume of fluid method to study collisions between immiscible
droplets. Bandari et al. (2023) Investigate radial vibrations in a cylindrical bore that is poroelastic and filled with
two immiscible fluids. Alyousef et al. (2023) explored the mathematical modeling and analysis of continual
electro-osmotic flow between two immiscible fluids.

Fluids with varying viscosity and thermal conductivity find extensive applications in numerous engineering
projects. Such fluids, for example, can undergo analysis in operational scenarios involving high temperatures,
pressure, shear rate, etc., especially in examining lubricants. Makinde (2012) the impact of radiation, variable
viscosity, and suction and insertion are factors that could significantly influence heat transfer analyses in various
scenarios. Baitharu et al. (2021) examining convective heat transmission in stretching/shrinking within the
framework of magneto-fluid dynamics while considering the impacts of changing viscosity, thermal conductivity,
and heat source. Ullah et al. (2023) investigated how viscosity variations affect oscillatory mass and heat transfer
in mixed convective flow with chemical processes across an inclined hot plate in a low-gravity environment. Pal,
D et al. (2014) consider the effects of varying heat conductivity and viscosity on the non-free convective flow
across a stretched sheet in a confined scenario. Hazarika et al. (216) over a stretched surface with heat radiation,
considering injection. Hazarika et al. (2016) study examined how temperature-dependent magnetohydrodynamic
flow and heat transfer over a stretching plate in a porous material are influenced by its viscosity and thermal
conductivity. The study took into account factors such as radiation, thermal production, and dissipation of Joules.
The analysis of thermal slip is essential for understanding two-fluid flows, indicating relative motion between
fluid phases caused by temperature disparities. This phenomenon significantly impacts heat transfer rates between
phases, emphasizing the importance of measuring thermal slip to optimize the performance of systems involving
multiple fluid phases. Cheruku et al. (2023) explores thermal slip in vertical channel immiscible micropolar and
viscous fluid flow. Increased thermal slip is observed to lead to a reduction in both velocity profile and
temperature. Mahmood, Zafar, et al . (2024) studied the effects of changes in the slip velocity, mixed convection
of nanofluids on the behavior of a stretching surface are demonstrated in this experiment. Kho, Yap Bing, et al.
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(2019) variables, including the velocity, thermal slip, and non-Newtonian Williamson component are looked at,
the Nusselt number goes down as the Lewis and Prandtl numbers go up. Malapati et al. (2021) performed on the
thermal slips in the Williamson nanofluid boundary layer across a stretching sheet. Abbas et al. (2023) investigate
the flow of micropolar nanofluid across a vertically stretched nonlinear Riga sheet and find that higher thermal
slip values cause a drop in the Nusselt and Sherwood numbers. Reddy et al. (2023) at the stagnation point,
investigate the influence of porosity, radiation, and viscous dissipation on two-dimensional unsteady
magnetohydrodynamic mixed convection heat and mass transfer flow. Kiran Kumar et al. (2019) investigates the
influence of different fluid viscosities and thermal conductivities on magnetohydrodynamic (MHD) flow and heat
transfer in a vertical channel containing a heat source, while considering the presence of thermal slip. Ganesh et
al. (2019) numerical simulation of Newtonian fluid flow including buoyancy effects, second-order thermal slip,
and entropy generation demonstrates that increasing the Soret number reduces temperature via boosting fluid-
particle diffusion. Goud et al. (2022) investigated the magnetohydrodynamic flow of a micropolar fluid over a
vertical porous plate that is in motion, taking into account thermal radiation.

In this study, heat and mass transfer occur in a vertical channel that contains immiscible micropolar and viscous
fluids. Factoring in boundary slip conditions. Our focus is specifically on exploring the influence of slip effect on
temperature, as well as the variations in thermal conductivity and viscosity, on the relevant parameter. The RK 6"
order approach, executed with ND Solve technique in Mathematica, guarantees precise numerical simulations.
This research endeavors can offer crucial information for maximizing heat and mass transfer processes in various
engineering applications. The validation of the problem is ensured by comparing the present work with earlier
studies ignoring the crux parameters.

Region-I Region-ll
Micropolar Fluid Viscous Fluid
X [ f 1
A
Y
* e —p
\ 4
Y =—h, Y =h,
=0T =1.C=C V=0T =5C=6

Fig. 1: Geometry of the Problem

2. Mathematical Formulation

To derive the governing equations, the vertical channel considered as bounded by walls kept at Y=—h; and Y=h;
along the Y-axis, as illustrated in Figure 1. The channel contains two non-uniform-temperature plates denoted as
Ti1and T2, where Ty > T,. The Region-1 spans from Y=-h; to Y=0 and is filled with a micropolar fluid and the
Region-2 spans from Y=0 to Y=h, and filled with viscous fluid. The flow is assumed to be one-dimensional,
steady, laminar, incompressible, and immiscible. The Fluid motion by buoyancy forces. Also the transport
Multi-physical analysis of heat and mass transfer in vertical channel with variable viscosity, thermal conductivity...... 171




V. Gosty, G. Srinivas, B. S. Babu / Journal of Naval Architecture and Marine Engineering, 21(2024) 169-182

properties are fixed and flow model is fully developed. The continuity conditions hold at the interface for the
governing parameters. The Boussinesq approximation is employed to model the flow.

The equations governed by the flow, heat and mass transfer with the above assumptions are:
Region-1

au,

=0 )
p1 = Po[l = P11 (Ty — T.) — B1c(C1 — CJ)] (2)
ou K 0N AU
o ay(( w +K) 1) o ——> T 9Bir(Ty = T.) + gB1c(CL — C) — 02—11 =0 ©)
U
ym—K(2N+ 1)=0 (4)
M (2 2 | piDiKri 902Gy _

pCp [ay 15y T (ay) + Cey OYV2| T 0 ()
a%c D,KT, 02T

Digmt=— 52 =0 (6)

Region-2

6U2 _

a—y =0 (7

6U2 BgUZ
. ay( 2) + gBor (T, — T.) + gP2c(C; — C.) — 0=, == 0 (8)
1 [o, on U, p2D2 Kz 02C,

pch[a_ykza_y+“ (6Y) + Cs; OY2 ]_0 ©)
a2¢c, 4 DKT %1, _

D, vz T T, oYz 0 (10)

Boundary and interface conditions

U=0atY =—-h,U=0atY = hy,,

T=T, +A6T1atY = —hy,

T_TzatY_hz,Z—’;’zth:o

c=1 atY:_hl,C:CZatY:hz

U1 = UZ atY = O,

Tl = TZ at Y = 0,

Cl == CZ at Y == 0

av; _ — 04U _ _

ddTy—OatY— dd =0atY =0,

ah _ ar, _ _

o =0atY = Iy =0atY =0,

L —paty =0,

dc,

d—yz =0atY =0 (11)

Non-dimensional Variables

y =2 (Region 1)y, = 2 G=¢ 5 =2 (Region 2)
hq e Uy ' c ! hy ’

_ A

=L, =
27y, 027 c " Th
The PDE system is converted to a form that has no dimensions by utilizing the variables listed below:

M= GAZ—’“ (Magnetic field parameter), Gr = M (Grashof number),
v, =E2 R= "hl (Reynolds number), Pr ==, Ec = Uo”

hP1 Cp p ‘ Qo Cp14T

hy __1 Koo _ . : :
h= (P =g, V2= = U,is characteristic velocity of fluid.

Multi-physical analysis of heat and mass transfer in vertical channel with variable viscosity, thermal conductivity...... 172



V. Gosty, G. Srinivas, B. S. Babu / Journal of Naval Architecture and Marine Engineering, 21(2024) 169-182

i = Hoo - and 1, = %for regions 1 and 2 respectively,
27 YUr

Therefore the governing equations can be transformed into a non-dimensional form in the following manner:
Region-1:

f;‘f — (2 +5E) =0 (12
K +(91 TT)Z%%_(eler r)zzyul T+ P~ Muy =0 (13)
B (52) + @+ oS- prec(72) (52) =0 (14)
RS G0 (15)
Region -2 ]
(ezgr )2%%_(92% >Zyuz a bllfzﬂ 2t f2 ey~ Mu, = 0 (16)
B (662) +(1+ ﬁzez) o 92 —aPrEc (92 Gr) (66—1;2)2 =0 (17)
[0y | fS: 0%, _ 0 )

dS.R 0y? KTd 0y?

Similarly (11) will be converted to the following dimensionless form:
u; =0 aty=-1

6, =1+ (69) ty=

1= a dy aty =

$p:1=1 aty=1,n=0 aty =—

on

ay—Oaty—O

U =u, aty =0,
0, =0,aty=0

¢ =¢aty =0, —mh ylaty=0
agZ:h %aty O,
a¢z 3¢1
=df — =0
oy f5, aty
uz—Oaty—l

0, =0aty=1, ¢p,=0aty=1
3. Solution of the Problem

The numerical solutions to the nonlinear equations are obtained using the sixth-order Runge-Kutta method and
Mathematica ND Solve techniques. Various important parameters are determined through these numerical
methods, including the thermal Grashof number (Gr), the molecular Grashof number (Gc), the Reynolds number
(R), the magnetic field parameter (M), the material parameter (K), the Schmidt number (Sc), the Soret number
(Sr), variable viscosity (6,), thermal slip (a).The impact of these dimensionless parameters on velocity, angular
velocity, temperature, and diffusion is analyzed and illustrated with graphical representations.

Also the rate of velocity, heat and mass transfer are calculated using the following formulae:

a6 a6 5} a
Ny, = |52 Nuy = [22 sty = |52 Sty =22,
1 2 1 2
dy y=-1 oy y=1 ay y=-1 dy y=1
_[9¢1 0¢;
Shy = |2 Ly Sha= |2

4. Results and Discussion

The solution to nonlinear partial differential equations, coupled with their associated boundary conditions, was
achieved through the application of the Runge-Kutta sixth-order method and Mathematica ND Solve software. A
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comprehensive computational analysis was undertaken to elucidate the influence of critical physical parameters—
including Grashof number (Gr), molecular Grashof number (Gc), material parameter (k), Reynolds number (R),
magnetic field parameter (M), Sorret number (Sr), Smidth number (Sc), Variable viscosity (6r), and the thermal
slip parameter (a)—on key physical variables such as velocity, angular velocity, temperature, and diffusion.

Figures 2-9 demonstrate the changes on velocity of various parameters, Figures 2, 3 and 8 illustrate a Grashof
number (Gr), molecular Grashof number (Gc), and variable viscosity (8r) result in an increase in fluid velocity.
This phenomenon emerges from the intricate interaction among various components in the field of fluid dynamics.
The Grashof number quantifies the relative influence of buoyant and viscous forces in fluid flow, where higher
values of Gr indicate a greater dominance of buoyancy. The molecular Grashof number (Gc) takes into account
the molecular conductivity, improving our comprehension of heat transport. The increase of Gc lead to reversal
flow in the second region due to effect of thermal slip on viscous fluid. Enhanced thermal conductivity enhances
the efficiency of heat transport in the fluid. The combined effects significantly increase the velocity of the fluid,
illustrating the intricate interplay between various thermal properties, buoyancy forces, and the principles of fluid
dynamics. This enhanced speed showcases how changes in temperature can influence buoyancy, which in turn
affects the movement and behavior of the fluid within the system. The relationship between these factors is
complex, as they each contribute to the overall dynamics in a way that highlights the sophisticated nature of
thermal-fluid interactions.

0.6

0.3

0.8 —Gr=5 05
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0.2

0.2

Fig. 2: Variation of velocity with Gr Fig. 3: Variation of velocity with Gc
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Fig. 4: Variation of velocity with M. Fig. 5: Variation of velocity with R

Figures 4-7 and 9 illustrate the magnetic field parameter (M), Reynolds number (R), Sorret number (Sr), Smidth
number (Sc), and thermal slip (a) corresponds to a reduction in the velocity of a fluid. This phenomenon arises
due to the intricate relationships among these parameters in the context of magnetohydrodynamics and thermal
slip effects. The increase in magnetic field parameter M intensifies magnetic forces, suppressing fluid motion.
Concurrently, a higher Reynolds number implies increased inertia, posing a challenge for magnetic forces to
overcome the fluid's momentum. Elevated Sorret number (Sr), Smidth number (Sc), and thermal slip (a) contribute
to heightened thermal effects and diminished momentum transfer, collectively resulting in a decline in fluid
velocity. This intricate interplay underscores how alterations in magnetic, thermal, and flow parameters
collectively shape the dynamic behavior of the fluid, resulting in a reduction in velocity.
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The angular velocity is shown in figures 10-17. The molecular Grashof number, magnetic field parameter,
Reynolds number, Sorret number, Smidth number, and Variable viscosity are shown in Figures 11-16. As these
parameters grow, the angular velocity tends to increase, indicating an intricate interaction between fluid dynamics
and magnetohydrodynamics. The higher molecule Grashof number intensifies the buoyancy effect, leading to an
increase in fluid velocity. Simultaneously, a rise in magnetic field strength (M) amplifies magnetic forces, leading
to greater angular momentum. A higher Reynolds number (R) indicates a transition to a more turbulent flow,
leading to an increase in angular velocity. Higher Sorret number (Sr), Smidth number (Sc), and thermal
conductivity all work together to improve thermal effects and momentum transfer, which leads to an overall
increase in angular velocity. The complex interplay of chemical, magnetic, and flow factors has a collective impact
on the system's angular dynamics. Figures 10 and 17 demonstrate a negative correlation between the Grashof
number, thermal slip, and the angular velocity of the system. The Grashof number, which represents the balance
between viscous and buoyant forces, promotes fluid motion as it increases. On the other hand, when there is
increased thermal slip, it means that there is less thermal interaction with the boundary. This hampers the effective
transmission of heat and reduces the forces caused by buoyancy. Therefore, when the Grashof number is high and
there is thermal slip, the fluid's ability to maintain rotational motion is limited, leading to a decrease in angular
velocity.
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0.2 04 0.6 0.8
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Gr=15
0.015 0.2 0.4 0.6 08
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Fig. 10: Variation of angular velocity with Gr Fig. 11: Variation of angular velocity with Gc
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Figures 18-20 depict a scenario where a rise in the magnetic field parameter, Variable viscosity, and thermal slip
corresponds to a decrease in temperature. The intricate interplay between magnetic forces, heat transfer, and
thermal slip effects helps to explain this observed phenomenon. The heightened magnetic field parameter
intensifies magnetic forces, impeding the fluid's efficient heat dissipation. Additionally, increased variable
viscosity enhances the fluid's heat conduction capability, but the heightened thermal slip hinders the effective
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transfer of this heat to the surrounding medium. Consequently, the cumulative impact of heightened magnetic
field strength, improved variable viscosity, and increased thermal slip collectively results in a temperature
decrease as the fluid faces challenges in dissipating heat effectively, leading to a cooling effect.
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Fig. 20: Variation of temperature with thermal slip (a)

Figures 21-26 depict the impact of diffusion on the parameters. Figures 21-23 illustrate an escalation in the
magnetic field parameter, thermal conductivity, and thermal slip is associated with an observed rise in diffusion.
This phenomenon results from the intricate interplay of magnetic effects, heat transfer, and thermal slip. The
heightened magnetic field parameter strengthens magnetic forces, influencing fluid molecular motion and aiding
particle dispersion. Simultaneously, increased thermal conductivity improves heat conduction, facilitating
widespread diffusion. Elevated thermal slip enhances fluid transport characteristics, enabling efficient particle
dispersion. Higher magnetic field strength, better thermal conductivity, and higher thermal slip all work together
to improve diffusion by making it easier for particles to move around and for heat to move through the fluid. In
figures 24-26, an increase in Reynolds number (R), Sorret number (Sr), and Smidth number (Sc) corresponds to
a simultaneous decrease in diffusion. This phenomenon arises due to the intricate relationship among these
parameters in fluid dynamics. A higher Reynolds number shows a shift to high turbulent flow, diminishing orderly
motion crucial for efficient diffusion. Elevated Sorret number (Sr) and Smidth number (Sc) enhance thermal
effects, impeding molecular motion crucial for diffusion. The collective impact of increased Reynolds number,
Sorret number, and Smidth number collectively impedes diffusion by disrupting fluid movement and hindering
the thermal processes necessary for effective particle dispersion.
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Figure 27 illustrates several relationships between different parameters and shear stress values (st1 and st2). An
increase in Grashof number corresponds to an increase in shear stress, as higher Grashof numbers typically
indicate stronger buoyancy forces, influencing fluid motion. Similarly, a rise in molecular Grashof number (Gc),
representing buoyancy effects due to temperature differences, leads to higher shear stress values. The impact of
the Reynolds number on the shear stress depends on flow regime, with higher Reynolds numbers generally
resulting in increased shear stress. Sorret number (Sr) shows an inverse relationship with shear stress, indicating
that higher Sr values may lead to a reduction in the effects of buoyancy or thermal gradients. An increase in
Smidth number (Sc) results in a decrease in shear stress, suggesting a decrease in the importance of thermal
diffusion effects. The magnetic field parameter (M) displays a suppressive effect on shear stress, as increasing M
values correspond to decreasing shear stress values. Moreover, variable viscosity (6r) plays a role in shear stress,
with less negative values of 8r leading to an increase in shear stress. This suggests that materials with a greater
ability to conduct heat exhibit higher shear stress. Conversely, a leads in thermal slip (a) corresponds to a reduction
in shear stress, as higher values of thermal slip indicate reduced resistance to heat flow across the material,
resulting in lower shear stress. Overall, these observations highlight the complex interplay between various
parameters and shear stress in different physical systems.
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Fig. 27: Shear stress values for both the walls

Figure 28 depicts an increasing Grashof and molecular Grashof numbers from 1 to 15 which leads to a general
reduction in Nusselt numbers (nu-1 and nu-2), indicating an inverse relationship. The impact of the Reynolds
number on nu-1 shows a decreasing trend from 3 to 12, while nu-2 exhibits a more complex pattern. Higher Sorret
and magnetic field parameters result in lower Nusselt numbers, implying reduced heat transfer efficiency. The
connection between the Schmidt number and the Nusselt number is less clear. Moreover, as variable viscosity
(6r) approaches zero, nu-1 and nu-2 increase, suggesting a positive correlation. Conversely, an increase in thermal
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slip (a) from 0.1 to 1.5 leads to a significant decrease in Nusselt numbers, indicating an inverse relationship and
reduced effectiveness of heat transmission.
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Fig. 28: Nusselt number values for both the walls
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Fig. 29: Sherwood values for both the walls

Figure 29 illustrates consistent behavior in Shearwood numbers (Shy and Shy) as Grashof number increases,
showing minimal variation. The influence of molecular Grashof number (Gc¢) on Sherwood numbers is limited.
However, Sherwood numbers exhibit significant changes with increasing Reynolds number, demonstrating a
pronounced effect. As Sorret number (Sr) rises, a noteworthy increase in Sherwood numbers is noted, indicating
a positive correlation. The relationship between Smidth number (Sc) and Sherwood numbers is evident, with an
increase in Sc leading to a substantial rise in Shy and Sh,. The magnetic field parameter (M) exerts a negligible
influence, resulting in a slight decrease in Shearwood numbers. Additionally, the inverse relationship between
variable viscosity (8r) and Sherwood numbers suggests that materials with higher thermal conductivity have lower
Sherwood numbers. Moreover, an increase in thermal slip (2) corresponds to lower Sherwood numbers, reflecting
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reduced shear stress. Overall, these findings emphasize the intricate interplay of various parameters influencing
Sherwood numbers in the examined physical systems.

5. Conclusions

The outcomes of the study upon the implementation of aforesaid physical parameters:
e  The Grashof number (Gr), molecular Grashof number (Gc), and variable viscosity (6r) lead to increased
fluid velocity. Due to buoyant and viscous forces.
e Areduction in fluid velocity with increased magnetic field parameter (M), Reynolds number (R), Sorret
number (Sr), Smidth number (Sc), and thermal slip (a).
e When the molecular Grashof number (Gc), magnetic parameter (M), Reynolds number (R), Soret number
(Sr), Schmidt number (Sc), and thermal conductivity all go up, the angular velocity also goes up.
e A decrease in angular velocity with increased Grashof number and thermal slip is due to hindered heat
transfer and reduced buoyancy-driven forces.
e A rise in thermal conductivity, magnetic field parameter, and thermal slip results in a reduction in
temperature.
o Increased thermal conductivity enhances heat conduction, but heightened thermal slip hinders effective
transfer, resulting in a cooling effect.
e Avrrise in thermal conductivity, magnetic field parameter, and thermal slip leads to a rise in diffusion.
e Enhanced thermal slip improves fluid transport characteristics, enabling efficient particle dispersion and
contributing to increased diffusion.
e Arrise in Reynolds number (R), Sr, and Sc corresponds to reduction in diffusion.
Variable viscosity (0r) influences shear stress, less negative 6r values lead to increased shear stress.
Increase in thermal slip (a) corresponds to reduced shear stress, indicating lower resistance to heat flow.
As Variable viscosity (6r) approaches zero, Nusselt numbers increase, suggesting a positive correlation.
A rise in thermal slip (a) leads to a significant reduction in Nusselt numbers, indicating an inverse
relationship and reduced heat transmission effectiveness.
o Inverse relationship between variable viscosity (8r) and Sherwood numbers, suggesting higher thermal
conductivity leads to lower Sherwood numbers.
e Increase in thermal slip (a) corresponds to lower Sherwood numbers, reflecting reduced shear stress.
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