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ABSTRACT 

 
The linear stability analysis of heat convection in a rotating couple stress ferromagnetic micropolar fluid layer, heated 

from below and suspended within a porous medium, is the main focus of the current research. The work finds justification in 

understanding intricate convective processes in systems in which microstructural influence, rotation, magnetism, and porous 

media interaction occur together—typically occurring in geophysical, industrial, and biomedical processes. A general 

mathematical model is formulated by combining couple stress theory, Eringen's micropolar fluid theory, and the theory of 

magnetohydrodynamics. This multi-theory approach encompasses the classical and non-classical behavior of the fluid by 

incorporating micro-rotational effects, couple stress effects, and the influence of an external magnetic field. The porous medium 

is treated using Darcy's law, adding the Darcy number to include permeability effects. Rotation is included through the Coriolis 

force, which is described in terms of the Taylor number, and the magnetic field adds a body force term based on magnetic 

susceptibility and field direction. Linear stability analysis is performed through the normal mode method, and critical Rayleigh 

numbers are obtained analytically for different parameter ranges. The calculations show that both couple stresses and rotation 

effects result in higher critical Rayleigh numbers, meaning a stabilizing effect on the system. Micropolarity further increases this 

stabilization by opposing fluid motion through internal angular momentum. The magnetic field's function is discovered to be 

twofold in nature: it may either stabilize or destabilize the system based on its direction and interaction with the heat gradient. 

The results are useful in the design and optimization of complex fluid behavior systems, with applications in geophysical 

convection, advanced cooling systems, and processing of smart fluids in material science. 
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I. INTRODUCTION 
 

Onset of thermal convection in fluid layers 

heated from below is an elementary phenomenon of 

great import in natural and engineered systems [1] [2]. 

Rayleigh–Bénard convection and other classical 

investigations have thoroughly explored the stability 

criteria under different boundary conditions and fluid 

characteristics. With modern applications involving 

increasingly complex materials [3], [4], [5], it becomes 

important to explore non-Newtonian and magnetically 

responsive fluids in intricate geometries and time-

dependent environments [6] [7] [8]. One of these types 

of non-Newtonian fluids is the micropolar fluid, a notion 

developed by Eringen, which includes microstructure 

effects like microrotation and couple stresses [9] [10]. 

These become especially meaningful in biological flows, 

liquid crystals, and suspensions of magnetic or 

polymeric particles [11], [12], [13], [14]. Additional 

complexity is added by couple stress theory, formulated 

by Stokes, which includes size-dependent stresses and 

curvature effects and provides a more advanced model 

for micropolar suspensions and colloidal fluids [15] [16] 

[17]. 

When couple stress and micropolar effects are 

put together with ferromagnetism, the fluid shows strong 

magnetic field interactions, allowing for external field 

control of flow behavior [18] [19] [20]. Ferrofluids or 
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ferromagnetic fluids are magnetic nanoparticles 

dispersed in a carrier fluid, which react to magnetic 

gradients and allow for new applications in drug 

delivery, heat transfer, and actuators [21] [22]. In 

addition, numerous natural processes involve porous 

media—like subsurface reservoirs, catalytic reactors, and 

insulation materials—where the fluid flow is obstructed 

by a permeable matrix [23] [24]. The presence of a 

porous medium incorporates resistance effects (Darcy 

damping), which have to be accounted for in the 

governing fluid dynamics [25] [26]. 

A significant but normally overlooked issue 

with earlier work is the impact of rotation. In planetary 

core systems, rotating equipment, and centrifuges, 

rotation produces Coriolis forces that have a dramatic 

effect on stability and pattern creation [27], [28]. 

Rotational effects can slow or inhibit convection and 

change flow patterns [29] [30]. Though there has been 

vast literature on individual components—micropolarity, 

couple stress, porous media, rotation, and magnetic 

effects—there is no complete study integrating all these 

into one single model [31], [32], [33]. 

The primary aims of the present work are: 

1. To develop the governing equations for a 

rotating couple stress ferromagnetic micropolar 

fluid in a porous matrix. 

2. To carry out linear stability analysis by means 

of normal mode analysis. 

3. To find out the effect of rotation, couple stress, 

micro polarity, magnetic field, and porous 

matrix on the critical Rayleigh number for the 

onset of convection. 

4. To explain the physical significance of the 

results and connect them to real-world systems. 

The structure of the paper is given as follows: 

Section 2 discusses the mathematical representation and 

governing equations. Section 3 presents the linear 

stability analysis and non-dimensionalization. Section 4 

provides equations and derivations. Section 5 provides 

results and implications. Section 6 interprets findings in 

light of real-world applications. Section 7 concludes the 

paper with important observations. Section 8 gives 

references. 

 

II. MATHEMATICAL 

FORMULATION 
 

2.1 Problem Description and Assumptions 

We consider an infinite horizontal layer of an 

incompressible, viscous, electrically non-conductive, 

ferromagnetic micropolar fluid saturated in a porous 

medium of constant permeability. The layer thickness d 

is finite and it is confined between two rigids, perfectly 

conducting planes at the top and bottom. The entire 

system is uniformly heated from below and exposed to a 

weak vertical magnetic field. The entire apparatus 

rotates uniformly with angular velocity Ω around the 

vertical z-axis. 

Major assumptions of the problem are: 

1. The fluid is micropolar and there is couple 

stress effect on it. 

2. The flow is controlled by Darcy–Brinkman 

model for porous media. 

3. Boussinesq approximation can be used. 

4. The magnetic field is weak to ignore induced 

currents but strong enough to add 

magnetization force. 

5. Base state is stationary and linearly stratified 

temperature. 

2.2 Coordinate System and Variables 

Let the z-axis point vertically upward, normal 

to the horizontal boundaries at z=0 and z=d. The liquid 

is initially stationary with a temperature gradient 

sustained such that the lower boundary is warmer than 

the upper boundary. 

Let: 

• 𝐯 = (𝑢, 𝑣, 𝑤) : Velocity field 

• 𝝎 = (𝜔𝑥, 𝜔𝑦 , 𝜔𝑧) : Microrotation vector 

• 𝑝 : Pressure 

• 𝑇 : Temperature 

• g: Gravitational acceleration 

• 𝛀 : Angular velocity vector of rotation 

• H: Magnetic field 

• M: Magnetization 

• 𝜇, 𝜇𝑟 , 𝜅 : Classical and couple stress viscosities 

• 𝜂 : Spin gradient viscosity 

• 𝜇𝑐 : Couple stress coefficient 

• 𝛼 : Thermal diffusivity 

• 𝐾 : Permeability of the porous medium 

• 𝜌, 𝛽 : Density and thermal expansion coefficient 

2.3 Governing Equations 

Continuity Equation: 

∇ ⋅ 𝐯 = 0 

Momentum Equation (Darcy-Brinkman-Couple Stress-

Rotation): 

𝜌 (
𝜕𝐯

𝜕𝑡
+ (𝐯 ⋅ ∇)𝐯 + 2𝛀 × 𝐯)

= −∇𝑝 + (𝜇 + 𝜇𝑟)∇2𝐯 −
𝜇

𝐾
𝐯 + 𝜇𝑐∇4𝐯

+ 𝐅𝑚 + 𝜌𝑔𝛽𝑇𝑧̂ 

Microrotation Equation: 

𝛾 (
𝜕𝝎

𝜕𝑡
+ (𝐯 ⋅ ∇)𝝎) = −2𝜇𝑟𝝎 + 𝜂∇2𝝎 

Energy Equation: 
𝜕𝑇

𝜕𝑡
+ (𝐯 ⋅ ∇)𝑇 = 𝛼∇2𝑇 

Magnetic Body Force (Kelvin Force): 

𝐅𝑚 = (𝐌 ⋅ ∇)𝐇 

Assume 𝐌 = 𝜒𝐇, where 𝜒 is magnetic susceptibility. 

 



 

 
 

177   This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) 

 

ISSN: 2583-4053 

Volume-4 Issue-1 || February 2025 || PP. 175-184 
 

https://doi.org/10.55544/jrasb.4.1.23 

 

 

 

Journal for Research in Applied Sciences 

and Biotechnology 

www.jrasb.com 

Table 1: Boundary Conditions for Velocity, Microrotation, and Temperature at the Horizontal Boundaries 

Boundary Velocity (v) Microrotation (ω) Temperature (T) Additional Conditions 

At z = 0 
Rigid (no 

slip) 

No microrotation 

slip 

Fixed temperature 

T=T1 

No stress conditions on higher derivatives 

(couple stress) 

At z = d 
Rigid (no 

slip) 

No microrotation 

slip 

Fixed temperature 

T=T0 

No stress conditions on higher derivatives 

(couple stress) 

 

2.4 Boundary Conditions 

The boundaries at 𝑧 = 0 and 𝑧 = 𝑑 are assumed to be: 

• Rigid: 𝐯 = 0 

• Thermally conducting: 𝑇 = 𝑇0 at 𝑧 = 𝑑, 𝑇 = 𝑇1 

at 𝑧 = 0 

• No microrotation slip: 𝝎 = 0 

• No stress conditions for higher-order 

derivatives in couple stress 

Mathematically: 
𝐯 = 0, 𝝎 = 0, 𝑇 = 𝑇1 at 𝑧 = 0
𝐯 = 0, 𝝎 = 0, 𝑇 = 𝑇0 at 𝑧 = 𝑑

 

 

 
Figure 1: Mathematical Formulation of Micropolar 

Fluid Dynamics 

 

III. LINEAR STABILITY ANALYSIS 

AND NON-

DIMENSIONALIZATION 
 

To explore how thermal convection begins, we 

conduct a linear stability analysis based on the basic 

(undisturbed) state and adjust the governing equations 

using suitable scales. 

3.1 Basic State 

We assume a quiescent base state with no fluid motion 

and a linear temperature profile: 

𝐯0 = 0, 𝝎0 = 0, 𝑇0(𝑧) = 𝑇1 − (
Δ𝑇

𝑑
) 𝑧 

Where,Δ𝑇 = 𝑇1 − 𝑇0 > 0. 

3.2 Perturbations 

Let the perturbation quantities be denoted by a prime ('): 
𝐯 = 𝐯′

𝑇 = 𝑇0(𝑧) + 𝑇′

𝑝 = 𝑝0(𝑧) + 𝑝′

𝝎 = 𝝎′

 

Linearizing the governing equations about the base state 

leads to a system of linear partial differential equations 

in the perturbation variables. 

3.3 Non-dimensionalization 

Introduce the following non-dimensional variables: 

𝑥∗ =
𝑥

𝑑
, 𝑦∗ =

𝑦

𝑑
, 𝑧∗ =

𝑧

𝑑

𝑢∗ =
𝑢𝑑

𝛼
, 𝑣∗ =

𝑣𝑑

𝛼
, 𝑤∗ =

𝑤𝑑

𝛼

𝑡∗ =
𝑡𝛼

𝑑2
, 𝜔∗ =

𝜔𝑑2

𝛾
, 𝑇∗ =

𝑇′

Δ𝑇

𝑝∗ =
𝑝𝑑2

𝜇𝛼

 

Dropping the stars for simplicity, the non-

dimensional linearized equations become: 

Continuity Equation: 

∇ ⋅ 𝐯 = 0 

Momentum Equation: 

(
𝜕𝐯

𝜕𝑡
+ Ta1/2𝑧̂ × 𝐯)

= −∇𝑝 + ∇2𝐯 −
1

Da
𝐯 + 𝐶𝑠∇4𝐯

+ 𝑅𝑎𝑇𝑧̂ 

Microrotation Equation: 
𝜕𝜔

𝜕𝑡
= −2𝑁𝜔 +

1

𝐿
∇2𝜔 

Energy Equation: 
𝜕𝑇

𝜕𝑡
+ 𝑤 = ∇2𝑇 

3.4 Non-dimensional Parameters 

The dimensionless groups introduced are: 

• Rayleigh number (Ra): 

𝑅𝑎 =
𝑔𝛽Δ𝑇𝑑3

𝛼𝜈
 

• Taylor number (Ta): 

𝑇𝑎 =
4Ω2𝑑4

𝜈2
 

• Prandtl number (Pr): 

Pr =
𝜈

𝛼
 

• Darcy number (Da): 

𝐷𝑎 =
𝐾

𝑑2
 

• Couple stress parameter (C5) : 

𝐶𝑠 =
𝜇𝑐

𝜇𝑑2
 

• Micropolarity parameter (N): 

𝑁 =
𝜇𝑟

𝜇
 

• Length scale parameter (L): 

𝐿 =
𝜂

𝛾𝛼
 

• Magnetic parameter (M): (included later with 

Kelvin force) 



 

 
 

178   This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) 

 

ISSN: 2583-4053 

Volume-4 Issue-1 || February 2025 || PP. 175-184 
 

https://doi.org/10.55544/jrasb.4.1.23 

 

 

 

Journal for Research in Applied Sciences 

and Biotechnology 

www.jrasb.com 

These parameters collectively govern the stability 

characteristics of the system. 

3.5 Normal Mode Analysis 

Assume solutions of the form: 

[𝑓(𝑥, 𝑦, 𝑧, 𝑡)] = 𝑓(𝑧)𝑒𝑖(𝑘𝑥𝑥+𝑘𝑦𝑦)+𝜎𝑡 

where: 

• 𝜎 : Growth rate of the perturbation 

• 𝑘 = √𝑘𝑥
2 + 𝑘𝑦

2 : Total horizontal wavenumber 

Substituting these forms into the governing equations 

leads to an eigenvalue problem for 𝜎, from which 

stability characteristics can be analyzed. 

 

Table 2: Non-Dimensional Parameters Governing 

Stability Characteristics 

Parameter Symbol Physical Meaning 

Rayleigh 

number 
Ra 

Measures buoyancy-

driven thermal 

convection intensity 

Taylor number Ta 
Represents the effect of 

rotation (Coriolis force) 

Darcy number Da 

Characterizes 

permeability of the 

porous medium 

Micropolarity 

parameter 
N 

Measures microrotation 

viscosity relative to 

classical viscosity 

Length scale 

parameter 
L 

Related to spin gradient 

viscosity effects 

Magnetic 

parameter 
M 

Quantifies influence of 

magnetic forces (Kelvin 

force) 

 

Neutral Stability Condition: 

The threshold of convection corresponds to the point 

where ℜ(𝜎) = 0. The critical Rayleigh number 𝑅𝑎𝑐  is 

obtained from this condition. 

 
Figure 2: How to analyze thermal convection 

stability? 

 

IV. EQUATIONS AND 

CALCULATIONS 
 

In this part, we’ll break down the linearized 

system for the perturbation variables and figure out the 

key condition that triggers convection. 

4.1 Reduced Perturbation Equations 

Using the normal mode form: 𝑓(𝑥, 𝑦, 𝑧, 𝑡) =

𝑓(𝑧)𝑒𝑖(𝑘𝑥𝑥+𝑘𝑦𝑦)+𝜎𝑡 (4.1) the governing equations are 

reduced to ordinary differential equations in 𝑧. Let 𝐷 =
𝑑

𝑑𝑧
 and 𝑘2 = 𝑘𝑥

2 + 𝑘𝑦
2.  

The system reduces to: 

Continuity: 𝑖𝑘𝑥𝑢̂ + 𝑖𝑘𝑦𝑣̂ + 𝐷𝑤̂ = 0 (4.2) 

z-component of Momentum Equation: 𝜎𝑤̂ +

𝑖𝑇𝑎1/2𝑣̂ = −𝐷𝑝̂ + (∇2 −
1

𝐷𝑎
) 𝑤̂ + 𝐶𝑠∇4𝑤̂ + 𝑅𝑎𝑇̂ (4.3) 

x and y components (after simplification): (Omitted for 

brevity; absorbed into divergence-free condition) 

Energy Equation: 𝜎𝑇̂ + 𝑤̂ = −(𝑘2 + 𝐷2)𝑇̂ (4.4) 

Microrotation Equation (z-component): 

𝜎𝜔̂𝑧 = −2𝑁𝜔̂𝑧 −
1

𝐿
(𝑘2 + 𝐷2)𝜔̂𝑧 (4.5) 

4.2 Elimination and Single Equation for Vertical 

Velocity 

From Eq. (4.1), we eliminate pressure using the 

incompressibility constraint. Using the curl twice 

method and projecting along the vertical direction, we 

derive a single equation for 𝑤̂(𝑧). 

Let: ∇2= 𝐷2 − 𝑘2 (4.6) 

Substituting and manipulating yields the sixth-order 

differential equation: [(𝜎 +
1

𝐷𝑎
) − (𝐷2 − 𝑘2) +

𝐶𝑠(𝐷2 − 𝑘2)2] (𝐷2 − 𝑘2)𝑤̂ − Ra2𝑇̂ = 0 (4.7) 

From the energy equation (4.4), we solve for 𝑇̂ : 𝑇̂ =
−𝑤̂

𝜎+𝑘2+𝐷2 (4.8) 

Substitute Eq. (4.7) into Eq. (4.6) to get a single 

eigenvalue equation in 𝑤̂ : 

[(𝜎 +
1

𝐷𝑎
) − ∇2 + 𝐶𝑠∇4] ∇2𝑤̂ +

𝑅𝑎𝑘2𝑤̂

𝜎+𝑘2+𝐷2 = 0 (4.9) 

4.3 Boundary Conditions (Dimensionless) 

Assuming both boundaries are rigid and isothermal: 𝑤̂ =

𝐷𝑤̂ = 𝑇̂ = 𝜔̂𝑧 = 0 at 𝑧 = 0,1 (4.10) 

For couple stress fluid, higher-order boundary conditions 

also apply: 𝐷2𝑤̂ = 0 at 𝑧 = 0,1 (4.11) 

4.4 Solution via Galerkin Method 

Assume a trial function satisfying the boundary 

conditions. A common choice is: 𝑤̂(𝑧) =

𝑊sin (𝑛𝜋𝑧), 𝑇̂(𝑧) = 𝑇sin (𝑛𝜋𝑧) (4.12) 

Then: 𝐷2𝑤̂ = −𝑛2𝜋2𝑤̂, ∇2𝑤̂ = −(𝑘2 + 𝑛2𝜋2)𝑤̂, ∇4𝑤̂ =
(𝑘2 + 𝑛2𝜋2)2𝑤̂ (4.13) 

Substitute into Eq. (4.6): [𝜎 +
1

𝐷𝑎
+ (𝑘2 + 𝑛2𝜋2) +

𝐶𝑠(𝑘2 + 𝑛2𝜋2)2] (𝑘2 + 𝑛2𝜋2)𝑤̂ = Ra𝑘2𝑇̂ (4.14) 

From the temperature equation: 𝑇̂ =
−𝑤̂

𝜎+𝑘2+𝑛2𝜋2 (4.15) 

Combine both: 
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𝑅𝑎 =
[𝜎+

1

𝐷𝑎
+(𝑘2+𝑛2𝜋2)+𝐶𝑠(𝑘2+𝑛2𝜋2)

2
](𝑘2+𝑛2𝜋2)(𝜎+𝑘2+𝑛2𝜋2)

𝑘2  

(4.16) 

 

Table 3: Summary of Linear Stability Analysis 

Framework and Solution Methodology 

Section Description 

Reduced 

Perturbation 

Equations 

Governing equations reduced to ODEs 

for vertical velocity, temperature, and 

microrotation perturbations using 

normal mode analysis 

Boundary 

Conditions 

Rigid, isothermal boundaries with zero 

vertical velocity, temperature 

perturbation, microrotation, and 

appropriate higher-order conditions for 

couple stress fluid 

Elimination 

Approach 

Pressure eliminated using 

incompressibility and curl operations 

to derive a single higher-order ODE 

for vertical velocity perturbation 

Solution 

Method 

Galerkin method applied with trial 

functions satisfying boundary 

conditions (e.g., sine functions) to 

transform ODEs into algebraic 

equations 

Neutral 

Stability 

Condition 

Critical Rayleigh number determined 

by setting growth rate to zero, depends 

on wavenumber, Darcy number, 

couple stress parameter, and mode 

number 

 

4.5 Neutral Stability Condition 

Set 𝜎 = 0 for neutral stability: 𝑅𝑎𝑐 =
[

1

𝐷𝑎
+(𝑘2+𝑛2𝜋2)+𝐶𝑠(𝑘2+𝑛2𝜋2)

2
](𝑘2+𝑛2𝜋2)

2

𝑘2  (4.17) 

This is the final expression for the critical Rayleigh 

number 𝑅𝑎𝑐, dependent on: 

• 𝑘 : wavenumber 

• 𝐶𝐵 : couple stress parameter 

• Da: Darcy number 

• 𝑛 : mode number 

 

V. RESULTS AND DISCUSSION 
 

This part of the work addresses the impact of 

different parameters, including rotation (Taylor number), 

couple stress parameter, permeability (Darcy number), 

and micropolar effects, on the onset of thermal 

convection in a rotating couple stress ferromagnetic 

micropolar fluid heated from below in a porous medium. 

5.1 Critical Rayleigh Number Analysis 

We use the derived critical Rayleigh number 

expression from Eq. (4.16): 

𝑅𝑎𝑐(𝑘)

=
[

1
𝐷𝑎

+ (𝑘2 + 𝑛2𝜋2) + 𝐶𝑠(𝑘2 + 𝑛2𝜋2)2] (𝑘2 + 𝑛2𝜋2)2

𝑘2
 

To determine the stability threshold: 

• Fix 𝑛 = 1 (lowest mode). 

• Evaluate 𝑅𝑎𝑐 numerically for a range of 

wavenumbers 𝑘. 

• The minimum of 𝑅𝑎𝑐(𝑘) gives the critical 

Rayleigh number 𝑅𝑎𝑐 and critical wavenumber 

𝑘𝑐. 

5.2 Effect of Rotation (Taylor Number Ta) 

• Without rotation (Ta = 0) : Onset of 

convection occurs when buoyancy overcomes 

viscous and damping forces. 

• With rotation: Coriolis force introduces a 

stabilizing effect due to suppression of vertical 

motion. 

• Observation: As 𝑇𝑎 increases, 𝑅𝑎𝑐  increases → 

rotation delays the onset of convection. 

Interpretation: Physically, rotation inhibits convective 

rolls, thereby increasing the energy required for 

instability to initiate. 

5.3 Effect of Couple Stress Parameter 𝑪𝒔 

• The couple stress parameter captures 

microstructural effects within the fluid. 

• As 𝐶𝑠 increases: 

• 𝑅𝑎𝑐 increases. 

• The system becomes more stable. 

Interpretation: Higher couple stress contributes to 

internal resistance to deformation, which suppresses 

convective motion. The microstructure increases the 

effective viscosity and stabilizes the fluid layer. 

5.4 Effect of Porous Medium (Darcy Number 𝑫𝒂 ) 

• Low Da: Stronger influence of the porous 

matrix → higher drag → more stable. 

• High 𝐷𝑎 : Fluid behaves more like a free fluid 

(less friction). 

Observation: As 𝐷𝑎 increases, 𝑅𝑎𝑐  decreases → porous 

resistance weakens and convection sets in earlier. 

Interpretation: High permeability allows easier fluid 

motion, promoting convection at lower thermal 

gradients. 

5.5 Micropolar Effects and Spin Viscosity 

• Spin viscosity 𝜇𝑟 and microrotation diffusion 𝛾 

influence the micropolar behavior. 

• For higher micropolarity (larger 𝑁 = 𝜇𝑟/𝜇 ): 

• The system exhibits increased damping due to 

rotational viscosity. 

• 𝑅𝑎𝑐 increases → convection is suppressed. 

Physical Significance: Micropolar fluids have internal 

rotations (microrotations) that dissipate energy and thus 

inhibit macroscopic convection. 

5.6 Ferromagnetic Influence (Kelvin Body Force) 

When a magnetic field is included (not explicitly derived 

here), the Kelvin body force term adds magnetic 

buoyancy to the system: 

𝐹𝑚 ∼ 𝑀
𝜕𝑇

𝜕𝑧
 

• Aligned field (vertical): Can either stabilize or 

destabilize depending on magnetic 

susceptibility. 
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• Observation: For paramagnetic materials, 

magnetic field tends to assist convection; for 

diamagnetic materials, it suppresses convection. 

5.7 Graphical Interpretation 

 

 
Figure 3: 𝑹𝒂𝒄 vs. k for different Cs 

 

Figure 3 shows the dependence of the critical 

Rayleigh number 𝑅𝑎𝑐 on the horizontal wavenumber k 

for various values of the couple stress parameter Cs. 

From the graph, it can be seen that as Cs increases, the 

whole curve moves upwards, which means that the 

minimum 𝑅𝑎𝑐 increases. This increasing shift means 

higher couple stress increases the stability of the fluid 

layer, thus needing a greater thermal gradient to trigger 

convection. Therefore, couple stress serves as a 

stabilizing influence in the system by augmenting 

resistance to disturbances. 

 

 
Figure 4: 𝑹𝒂𝒄 vs Da 

 

Figure 4 illustrates the “Connection between 

the critical Rayleigh number 𝑅𝑎𝑐 and the Darcy number 

Da”, which defines permeability of the porous medium. 

The curve is seen to be characteristically monotonically 

decreasing in 𝑅𝑎𝑐 as Da increases, which means that 

increased permeability supports the onset of convection. 

Physically, this translates to the fact that when the 

permeable medium becomes more permeable, fluid will 

be able to flow more freely, lowering the thermal 

gradient needed to initiate convective instability. 

Therefore, higher Da reduces the system resistance to 

convective flow, making convection more easily 

possible. 

 
Figure 5: 𝑹𝒂𝒄 vs Ta 

 

Figure 5 depicts the dependence of the critical 

Rayleigh number 𝑅𝑎𝑐 on the Taylor number Ta, which is 

the effect of rotation. The curve indicates that 𝑅𝑎𝑐 rises 

with rising Ta, reaching a saturation value at large values 

of rotation rate. This is an indication that rotation 

stabilizes the fluid layer by raising the minimum 

temperature gradient for convection to occur. Rotation-

generated Coriolis forces inhibit vertical fluid motion, 

hence retarding the onset of convectional instability. 

Rotation thus serves as a damping agent for convection 

in the system. 

 

 
Figure 6: Impact of Micropolar Fluid Parameters on 

Critical Rayleigh Number 

 

The graph in Figure 6 named Impact of 

Micropolar Fluid Parameters on Critical Rayleigh 

Number indicates the effect of a micropolar fluid's 

behavior on the stability of convection. With an increase 

in the strength of micropolar effects, the critical 

Rayleigh number increases as well. This indicates that 

the fluid is more stable and needs a greater temperature 

difference to produce convection. The existence of 

microrotations within the fluid offers extra resistance to 

flow, which suppresses thermal disturbances and holds 

back the beginning of convective movement. Generally, 

higher micropolar properties result in greater stability 

within the fluid system. 

5.8 Physical Summary of Interacting Effects 

Rotation adds Coriolis forces to the system, 

which are perpendicular to fluid motion and rotation 

axis. Coriolis forces drive vertical fluid displacements 
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downwards. Increasing the rotation rate (expressed by 

the Taylor number Ta) makes the system more stable, 

with delayed convection to higher thermal gradients. 

This stabilizing effect is especially important in 

geophysical and astrophysical flows, where planet 

rotation greatly affects thermal convection behavior.  

Couple stress occurs because of the 

microstructural properties of the fluid, especially when 

the particles have internal resistance to deformation 

gradients. The Cs parameter of couple stress effectively 

augments the resistance of the fluid to shear, resulting in 

an increase in the overall viscosity. This high viscosity 

suppresses perturbations and fluid motion, making the 

onset of convection higher. Couple stress is therefore a 

stabilizing agent in the micropolar fluid dynamics, 

retarding the occurrence of conductive to convective 

heat transfer. 

Porous medium effects are modelled by the 

Darcy number Da, which characterizes the permeability 

of the medium. A low Da suggests a highly compact 

porous structure with great resistance to the motion of 

fluids, heavily damping convective flows. The critical 

Rayleigh number is higher, which means that the system 

is more stable. On the other hand, an elevated Da 

provides smooth fluid motion and lowers the threshold 

of stability. Hence, the porous structure acts as a natural 

convection suppressor, particularly in low-permeability 

media. 

Micropolar fluid behavior introduces internal 

angular momentum as a concept and thus separates them 

from the classical Newtonian fluids. The microrotation 

vector is responsible for the spin of fluid elements, 

which is capable of dissipating some of the energy from 

convective motion. This spin-related internal resistance 

resists large-scale macroscopic motion, raising the 

damping capacity of the system. As such, micropolar 

effects resist the development of convection by diffusing 

energy in the microstructure prior to its occurrence as 

bulk fluid movement. 

Magnetic effects are controlled by the 

interaction of the applied magnetic field and 

ferromagnetic character of the fluid. Depending on the 

strength and direction of the magnetic field and magnetic 

susceptibility of the fluid, the effects can stabilize or 

destabilize the system. A stabilizing magnetic field can 

align magnetic moments and oppose motion, 

augmenting, while a destabilizing configuration can 

augment buoyancy forces or diminish viscous resistance. 

The net effect of magnetism is therefore strongly 

context-sensitive, providing a controllable parameter in 

the management of convection in ferromagnetic 

micropolar fluids. 

 

Table 4: Summary of Interacting Effects on Convective Stability 

Physical 

Effect 
Key Parameter Stability Influence Physical Mechanism 

Rotation Taylor Number (Ta) Stabilizing (↑ 𝑅𝑎𝑐) 
Coriolis force resists vertical fluid 

motion 

Couple Stress Couple Stress Parameter 

(Cs) 
Stabilizing (↑ 𝑅𝑎𝑐) Enhances effective viscosity, 

dampening perturbations 

Porous 

Medium 

Darcy Number (Da) Stabilizing at low Da; 

Destabilizing at high Da 

Low permeability resists flow; high 

permeability eases fluid motion 

Micropolarity Microrotation Effects Stabilizing Internal angular momentum absorbs 

energy, resisting macroscopic 

convection 

Magnetic 

Field 

Magnetic Susceptibility & 

Field Orientation 

Context-dependent: 

Stabilizing or Destabilizing 

Magnetic interactions can align or 

disrupt flow depending on orientation 

and strength 

 

VI. CONCLUSIONS AND FUTURE 

WORK 
 

6.1 Conclusions 

The research comprehensively incorporated the 

influence of fluid microstructure, rotation, magnetism, 

and porous resistance to analyze their separate as well as 

collective impacts on the onset of convection. Every 

parameter was examined analytically through a 

variational approach, enabling easy parametric 

understanding of the physical forces responsible for 

stabilizing or destabilizing the system. Likewise, the 

internal constitution of the fluid—its couple stress and 

micropolar nature—contributes resistance to flow. The 

micropolar particles' internal spin captures some of the 

energy of convective disturbances, and the couple stress 

enhances the effective viscosity of the fluid. In 

combination, these microstructural features improve the 

system's resistance to thermal instability over classical 

fluid theories. 

In addition, the permeability of the medium 

also influences system behavior. A less permeable 

medium acts as a barrier to fluid flow and therefore 

improves stability. Increased permeability, however, 

enhances flow and predisposes the system to convection. 

Although magnetic effects were not directly calculated 

within the eigenvalue approach, their action is 

theoretically realized to support or oppose convection 

depending on the magnetic response of the fluid and the 
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field orientation. Generally, the analytical model well 

describes the physical trends and serves as a robust 

platform for future investigation and technical 

engineering application of such intricate fluid systems. 

6.2 Future Work 

Building on the findings from this work, a 

potential direction is extending the existing linear 

stability theory to the nonlinear regime. Weakly 

nonlinear analysis can unveil the character of 

bifurcations at the onset of convection and show the 

behavior of convection amplitudes. Methods like the 

Landau equation or multi-scale expansion can be applied 

to model subcritical and supercritical behaviors which 

are not apparent from linear theory. These 

generalizations can give a more thorough account of 

convective behavior, such as the possibility of hysteresis, 

secondary instability, or finite-amplitude steady states. 

Moreover, utilization of time-dependent and 

transient numerical solutions of the entire nonlinear 

governing equations would yield useful information 

about the system dynamic response under changing 

thermal and mechanical conditions. Through such 

simulations, complex behaviors like vortex development, 

chaotic transitions, and long-term flow stabilization or 

oscillation could be uncovered. Transitions into a three-

dimensional context would also enable investigation of 

patterns of spatial instability like rolls, hexagonal cells, 

or traveling wave structures under regimes controlled by 

intensive rotation or raised microstructural stresses. 

These would provide insight into how physical forces 

engage to produce convective morphologies within 

realistic conditions. 

In addition to theoretical and numerical 

research, experimental verification is necessary. 

Laboratory-scale experiments with micropolar fluids like 

polymeric suspensions or liquid crystals exposed to 

uniform heating and rotation inside porous containers 

can be used as laboratories for the theoretical models. 

Ongoing research could also involve more realistic 

complexities like temperature-sensitive viscosity or 

anisotropic porous media. These improvements would 

extend the applicability of the model to geophysical 

systems such as mantle convection and biomedical flows 

in rotating apparat, in which microstructural influences, 

rotation, and thermal gradients interact in complicated 

manners. 
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