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The study of viscous fluids, ubiquitous in various industrial engineering applications,
frequently  reveals  intriguing  physical = phenomena. @ Among  these,
micromagnetorotation, the rotation of a viscous fluid under the influence of a magnetic
field, has recently garnered significant interest. This research aims to examine the
behaviour of micromagnetorotational fluid flow within a porous cylinder. Fundamental
equations constituting this analysis include the continuity equation, the momentum
equation, and the energy equation, leading to a system of nonlinear ordinary differential
equations. These equations are then dimensionally transformed and solved using the
Gauss-Seidel numerical scheme under a suitable solution assumption. The investigation
focuses on parameters influencing the velocity and temperature profiles of the
micromagnetorotational fluid flow, namely viscosity, the Stuart number, the Prandtl
number, the material parameter, and porosity. The study reveals that modifications in
any of these parameters lead to a decrease in the velocity profile. Conversely, increases
in the temperature profile are observed when influenced by the viscosity parameter, the
Stuart number, the material parameter, and the porosity parameter. This research is
anticipated to offer valuable insights for optimizing fluid flow velocity and temperature

within engineering and industrial applications.

1. INTRODUCTION

Fluid dynamics, an applied science that employs
mathematical modeling coupled with numerical solution
techniques, plays a vital role in engineering and industry.
Fundamental to this field are three governing laws: the
conservation of mass, Newton's Second Law, and the First
Law of Thermodynamics. Fluids are typically classified as
either non-viscous or viscous based on their frictional
properties, the latter term describing fluids with interparticle
friction [1]. Abel's study highlighted how the temperature
profiles of fluids could be influenced by viscosity, with an
increase in viscosity being associated with a rise in
temperature [2]. Ali et al. [3] further explored the impact of
magnetic parameters on free convection
Magnetohydrodynamic (MHD) viscous fluid flow, finding
that a reduction in the value of magnetic parameters led to an
increase in the velocity profile. In a yawed cylinder, a
significant decrease in temperature profiles was observed with
mixed convection [4].

Maxwell Fluids, characterized by their motion under a
magnetic field, have been the subject of various investigations.
Farooq et al. [5] examined the impact of volumetric
concentrations on Maxwell Fluids, noting that increases in the
Hartman number, Brownian motion parameter, and Deborah
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number led to increased volumetric concentrations. Other
studies have indicated that Darcy numbers, Brownian motion
parameters, and Eckert numbers influence the flow of
Maxwell Fluid across stretching surfaces [6]. Intriguingly, the
presence of a magnetic field parameter was found to contribute
to a decline in fluid velocity [7]. Further research showed that
magnetic particles could influence the velocity and
temperature distribution of the fluid [8]. Krishna and Chamkha
[9] extended this work, examining the flow of viscous and
magnetic parameters through a porous medium, and noted that
an increase in magnetic and viscous parameters led to a
decrease in system speed.

Besides the magnetic effects, microrotation also impacts the
movement of viscous fluids. Fluid particles undergo micro-
rotation due to friction, a phenomenon explored by Fatunmbi
and Adeniyan [10]. Their study on heat and mass transfer in
MHD micropolar fluid over a stretching sheet showed that an
increase in material parameters led to a decrease in
temperature and concentration profiles [10]. Further MHD
studies on micropolar fluids passing by a stretching surface
revealed an increase in velocity, but a decrease in temperature
and concentration fields with the swelling of the primary slip
parameter values [11]. Numerical analysis of micropolar fluid
flow through stretchable surfaces indicated that the heat
transfer rate decreases as the heat source value parameter
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increases [12]. Aslani et al. [13] discovered that when MHD
micropolar flow 1is connected to magnetizing fluid,
micromagnetorotation can potentially increase fluid flow
velocity. However, the presence of micromagnetorotation was
found to decrease fluid velocity and microrotation profile [14],
in addition to suppressing convection and reducing heat
transfer with Hartmann parameters [14].
Micromagnetorotation refers to the micromotion of externally
applied magnetic fluid particles, resulting in thinner velocity
boundary layers [15].

This study aims to combine two fluid characteristics,
viscosity and micromagnetorotation, to analyze the velocity
and temperature of fluid influenced by several parameters:
viscosity, the Stuart number, the Prandtl number, material, and
porosity. Few studies have employed these parameters
collectively in a micromagnetorotational fluid flow model.
Fluids exhibiting micromagnetorotation characteristics are
found in colloidal suspensions, cooling systems, and
numerous other applications [15]. By integrating viscous and
micromagnetorotation characteristics, this research seeks to
analyze fluid velocity and temperature within a porous
cylinder medium using the aforementioned parameters. The
equations governing this study, derived from the Laws of
Physics, include the continuity equation, momentum equation,
and energy equation, which are solved with a MATLAB-
assisted numerical solution. With the influence of viscosity,
the Stuart number, the Prandtl number, material, and porosity
parameters, this research may provide valuable insights for
optimizing fluid velocity and temperature in engineering and
industrial applications.

2. PROBLEM FORMULATION

In the case of a maxwell-viscous fluid passing through a
porous cylinder, three equations can be derived, namely the
continuity equation, momentum equation, and energy equation
as follows.

(1) Continuity equation
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The dimensional boundary conditions are as follows:
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The following equations can be converted into non-
dimensional governing equations by substituting non-
dimensional variables [16, 17].
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and non-dimensional parameters defined as follows [18, 19].
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The following non-dimensional equations can be obtained
by substituting non-dimensional variables and parameters in
the governing equation in Egs. (1)-(3).

(1) Continuity equation
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(3) Energy equation
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by wusing non-dimensional variable, non-dimensional
boundary conditions are as follows:
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In this study, there were two velocity components, so we
used stream function to connect them as follows [20]:
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Substituting the stream function in Eqgs. (4)-(6), then we get
(1) Continuity equation
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(3) Energy equation
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Then the similarity variables are substituted in Egs. (7)-(9),

QT )
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so that the similarity equation is obtained as follows.
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3. RESULT AND DISCUSSION

This study observes the velocity and temperature of the
micromagnetorotation maxwell-viscous fluid flow that passes
through the cylinder surface with the influence of viscosity
parameter, Stuart number, Prandtl number, material parameter,
and the porosity parameter. Similarity equations are solved
numerically using the Gauss-Seidel method. Numerical results
are presented in graphical form in the form of fluid velocity
and temperature.

The effect of viscosity with variations of 0.01, 0.5, 1.5, and
2 on the velocity profile in Figure 1(a) shows that the higher
the viscosity parameter, the lower the fluid velocity. In
contrast to the temperature profile in Figure 1(b), the more the
viscosity parameter is increased, the temperature profile also
increases. Friction between fluids increases the effect of
viscosity on the temperature profile. Fluids with a higher
viscosity contain more particles. The number of particles
causes the momentum between profile decreases and the
temperature profile increases.the particles to increase,
consequently, the velocity.
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Figure 1. Variation of viscosity parameters
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Figure 2. Variation of Stuart number parameters

The variations in the Stuart number parameter for the
velocity profile and temperature profile are shown in Figure 2.
The Stuart number can be used to describe magnetic
interactions in liquids. Stuart number variations used are 0.03,
9.18, and 25. The larger the Stuart number parameter, it can be
seen in Figure 2(a) that the fluid flow velocity decreases. The
existence of the Lorentz force on the Stuart number parameter
increases the magnetic field that affects the system
simultaneously. This is due to the Lorentz force generated by
the micro magneto rotation characteristics of the maxwell-
viscous fluid. As a result, the micromagnetorotation maxwell-
viscous fluid decreases with variations in Stuart number
parameters. Figure 2(b) shows that the temperature of the fluid
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increases when given an increase in the variation of the Stuart
number parameter. This is due to the Stuart number parameter
being inversely proportional to the density. The greater the
variation in the Stuart number, the smaller the density of the
fluid so that the temperature in the micromagnetorotation
maxwell-viscous fluid increases at every particular n point.

Figure 3 shows variations in the Prandtl number. The
Prandtl number is the ratio between kinematic viscosity and
thermal diffusion. Variations in the Prandtl number used are
0.5, 10, 50, and 100. The parameter Prandtl number is 10 in
water. While in the range of 50 to 100 in oil. Figure 3(a) shows
that the greater the variation in the Prandtl number parameters,
the fluid velocity decreases. The Prandtl number is directly
related to the kinematic viscosity.

Likewise, Figure 3(b) shows that the greater the variation in
the Prandtl number parameter, the faster the fluid temperature
decreases. Thermal diffusion is inversely proportional to the
Prandtl number parameter. As a result, when the Prandtl
number parameter is increased, the fluid's temperature
distribution decreases.
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Figure 3. Variation of Prandtl number parameters

In Figure 4, we can see the variation in material parameters
regarding velocity and temperature profiles. Rotational and
dynamic viscosities determine the material parameters. Fluids
with material parameters K=0 are non-viscous fluids [21]. In
this study, maxwell-viscous fluid was used with variations in
material parameters K=1,2,3,4. Figure 4(a) shows that the
greater the given material parameters, the fluid velocity will
decrease from #=0.1 to #=0.2. This is due to the greater friction
resulting in greater momentum. Therefore, the velocity of the
fluid decreases. Conversely, in Figure 4(b), the greater the



material parameters, the more fluid temperature increases. The
existence of friction between particles can generate heat. Thus,
the greater the material parameters, the higher the fluid
temperature.

The effect of the porosity parameters with variations of 0.01,
0.1, 0.7, and 1.2 on the velocity and temperature profiles are
shown in Figure 5. Figure 5(a) shows that the higher the
porosity parameter, the lower the fluid velocity. In contrast to
the fluid temperature in Figure 5(b), the more the porosity
parameter is increased, the fluid temperature also increases.
An increase in the porosity parameter results in obstructed
fluid movement while the resistance forms friction which
generates heat.
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Figure 5. Variation of porosity parameters

From Figure 1 to Figure 5, the velocity profile decreases due
to the influence of the five parameters. Temperature is affected
by the viscosity parameter, Stuart number, material parameter,
and porosity parameter. Optimization of the temperature
profile in micromagnetorotation viscous fluid flow can use the
increase in the viscosity parameter, Stuart number, material
parameter, and porosity parameter. The character of
micromagnetorotation involves a magnetic field and
microrotational motion in viscous fluids. The results showed
the optimal temperature of the micromagnetorotation viscous
fluid.

4. CONCLUSIONS

The governing equations for the maxwell-viscous fluid
micromagnetorotation passing through a porous cylinder are
the equations of continuity, momentum, and energy. These
equations are then transformed into dimensionless equations
and similarity equations. The final equation obtained is solved
numerically using Gauss-Seidel. The parameters that affect the
dynamics of the maxwell-viscous fluid are observed. The
following is the influence of the viscosity, Stuart number,
Prandtl number, material parameter, and porosity parameters.
(1) The effect of the viscosity parameter causes the velocity
profile on the maxwell-viscous fluid to decrease and the
temperature profile on the maxwell-viscous fluid to
increase.

The influence of the Stuart number causes the velocity
profile of the maxwell-viscous fluid to decrease and the
temperature profile to increase.

The influence of the Prandtl number causes the velocity
and temperature profile of the maxwell-viscous fluid to
decrease.

The effect of material parameters causes the velocity
profile on the maxwell-viscous fluid to decrease and the
temperature profile on the Maxwell-Viscous fluid to
increase.

The influence of the porosity parameter causes the
velocity profile on the maxwell-viscous fluid to decrease
and the temperature profile on the maxwell-viscous fluid
to increase.

Research with the characteristics of micromagneorotation
has not been widely carried out. It is possible to conduct an
analysis of the flow microrotation profile in biological
applications such as blood circulation by developing a linear
and angular momentum model.
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NOMENCLATURE

(u,v)
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velocity components
Stuart Number
Prandtl Number
viscosity parameter
material parameter
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porosity parameter

Reynolds number

Grashof number

temperature fluid

density of Maxwell-Viscous fluid
gravitational acceleration
Magnetic inducement
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stream function

streamwise coordinate
transverse coordinate

thermal diffuses

kinematic viscosity
heat-generation

Volumetric rate of heatsource





