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Abstract  This study investigates the unsteady flow 

behavior of a dusty fluid past a vertical plate embedded in 

a porous medium within a rotating system. The fluid is 

assumed to be viscous, incompressible, and free from 

external electromagnetic forces, while the dust particles are 

assumed to be uniformly distributed. The governing 

equations incorporating the effects of rotation, 

permeability, and dust-fluid interaction are formulated and 

solved under appropriate boundary conditions. The finite 

explicit numerical techniques are employed to obtain 

expressions for the velocity profiles of both the fluid and 

dust phases. The influence of various physical parameters, 

such as the rotational parameter, permeability parameter, 

fluid concentration parameter, and particle mass parameter, 

is thoroughly analyzed and graphically presented. The 

results reveal that the rotation significantly affects the 

velocity distribution and induces a phase difference 

between the fluid and dust particles. Additionally, the 

presence of a porous medium introduces resistance to flow, 

which slows down the fluid motion over time. These 

findings are relevant to several engineering and 

geophysical applications, such as pollutant transport, oil 

recovery, and astrophysical fluid dynamics. 

Keywords  Dusty Fluid, Vertical Plate, Porous 

Medium, Rotation, Unsteady Flow 

1. Introduction

A dusty fluid refers to a fluid that contains small, 

uniformly distributed solid particles that interact with the 

fluid mainly through drag forces but do not significantly 

affect the fluid's pressure or temperature directly. The study 

of unsteady flow of dusty fluids has gained significant 

attention due to its wide range of applications in 

geophysical, industrial, and environmental processes. In 

many practical situations, such as in rotating machinery, 

atmospheric flows, and oil extraction through porous rocks, 

fluids often contain suspended solid particles and 

experience rotational effects. When such flows occur along 

vertical surfaces embedded in porous media, the interaction 

between the fluid and the dust particles becomes complex, 

especially under the influence of rotation and the 

permeability of the medium. This work aims to analyze the 

unsteady behavior of a dusty fluid flow along a vertical 

plate situated in a porous medium within a rotating system. 

The effects of key parameters such as rotation, permeability, 

and dust–fluid interaction are investigated to understand 

their impact on the velocity fields of both phases. Saffman 

[1] was the first to develop the governing equations for the 

flow of a gas containing dispersed dust particles. Wilks [2] 

investigated magneto-hydrodynamic (MHD) free 

convection around a semi-infinite vertical plate subjected 

to a strong transverse magnetic field. The study focuses on 

understanding how the strong transverse magnetic field 

influences the flow and heat transfer behavior in the free 

convection regime. Gupta and Gupta [3] investigated the 
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flow of a dusty gas through a channel driven by an arbitrary 

time-varying pressure gradient. Their study focuses on 

analyzing the dynamics and behavior of both the gas and 

suspended dust particles under unsteady pressure 

conditions. Prasad and Ramacharyulu [4] investigated the 

unsteady flow of a dusty incompressible fluid confined 

between two parallel plates subjected to an impulsive 

pressure gradient. Their study examines the transient 

behavior of both the fluid and suspended dust particles in 

response to sudden changes in pressure. Hamdan and 

Barron [5] studied dusty gas flow in porous media with a 

focus on how the interaction between gas and dust particles 

affects the flow characteristics, especially under the 

influence of porosity and drag forces. Ahmad et al. [6] 

analyzed the effects of thermal diffusion on three-

dimensional magneto-hydrodynamic (MHD) free 

convection flow with mass transfer from a porous vertical 

plate. Their study focuses on how the combined influences 

of magnetic fields, thermal diffusion, and mass transfer 

impact the flow and heat transfer characteristics. Takhar et 

al. [7] investigated the unsteady free convection flow over 

an infinite vertical porous plate considering the combined 

effects of thermal diffusion, mass diffusion, magnetic field, 

and Hall currents. Their study analyzes how these factors 

influence the flow, heat transfer, and mass transfer 

characteristics in the presence of a magnetic field with Hall 

effects. Attia [8] investigated the unsteady magneto-

hydrodynamic (MHD) Couette flow and heat transfer of a 

dusty fluid considering variable physical properties. The 

study focuses on how the magnetic field, dust particles, and 

changes in fluid properties affect the flow dynamics and 

thermal behavior over time. Attia [9] analyzed the unsteady 

flow of a dusty, electrically conducting non-Newtonian 

fluid through a circular pipe under the influence of a 

magnetic field. It focuses on analyzing how dust particle 

interaction and magnetic effects influence the velocity 

profiles of both the fluid and the dust phases over time. 

Rebhi A. Damseh [10] investigated the boundary layer 

flow of a dusty gas over a horizontal circular cylinder, 

focusing on the interaction between the gas and suspended 

dust particles. It examines how parameters such as particle 

concentration, particle-fluid interaction, and thermal 

effects influence the velocity and temperature distributions 

within the boundary layer. Gireesha et al. [11] studied the 

unsteady flow and heat transfer characteristics of a dusty 

fluid through a rectangular channel. The study analyzes the 

effects of dust particles, unsteadiness, and thermal 

conductivity on the velocity and temperature distributions 

of both the fluid and dust phases. Mudassar et al. [12] 

presented an exact solution for the magneto-hydrodynamic 

(MHD) boundary layer flow of a dusty fluid over a 

stretching surface. The study investigates how magnetic 

field strength, dust particle concentration, and fluid–

particle interaction affect the flow behavior and velocity 

distribution within the boundary layer. Ali and Farhad [13] 

examined the fluctuating free convection flow of a heat-

absorbing visco-elastic dusty fluid through a horizontal 

channel under the influence of a magnetic field (MHD 

effect). The study primarily focuses on analyzing the 

effects of various physical parameters, such as heat 

absorption, relaxation time, and magnetic field, on the 

velocity and temperature profiles of both fluid and dust 

particles. Ismail et al. [14] examined the unsteady magneto-

hydrodynamic (MHD) flow of a dusty fluid between two 

parallel porous plates under the influence of a transverse 

magnetic field. The study focuses on analyzing how dust 

particle interaction, magnetic effects, and plate 

permeability influence the velocity profiles of both the 

fluid and dust phases. Nabwey et al. [15] conducted the 

natural convection flow of a micropolar fluid containing 

dust particles along a permeable vertical cone surface with 

a nonlinear temperature distribution. The study focuses on 

numerically analyzing how micropolar effects, dust 

particle interaction, and nonlinear thermal conditions 

influence the flow and heat transfer characteristics. Islam 

and Nasrin [16] investigated the flow of a dusty fluid 

between two parallel Riga plates embedded in a porous 

medium, considering the influence of electromagnetic 

forces generated by the Riga plate configuration. The study 

analyzed how parameters such as dust particle interaction, 

permeability, and magnetic effects impact the velocity and 

temperature distributions of the fluid–particle system. Ali 

et al. [17] focused on analyzing the behavior of a two-phase 

flow where a viscoelastic fluid carries dust particles, and 

the system includes heat transfer effects. Turkyilmazoglu 

et al. [18] investigated the two-phase flow and heat transfer 

of a dusty fluid over a stretchable rotating disk, focusing on 

how stretching and particle loading affect velocity, 

slippage, and thermal behavior. Kalpana and Saleem [19] 

investigated the heat transfer behavior of magneto-

hydrodynamic (MHD) stratified dusty fluid flowing 

through an inclined irregular porous channel. Their 

investigation focuses on how the magnetic field, porosity, 

and channel inclination affect the flow and thermal 

characteristics. Krishna et al. [20] explored the unsteady 

magneto-hydrodynamic (MHD) free convection flow of a 

rotating fluid through a saturated porous medium over an 

exponentially accelerated vertical plate, incorporating Hall 

and ion slip effects. The study primarily analyzes how these 

electromagnetic effects, along with rotation and porous 

medium properties, influence the velocity and temperature 

distributions of the flow. Al Khayer et al. [21] examined 

the magneto-hydrodynamic (MHD) flow of a dusty 

viscoelastic fluid through inclined channels filled with a 

porous medium, considering the effects of thermal 

stratification and Joule heating. The study also examines 

how molecular diffusivity influences the velocity, 

temperature, and concentration profiles of the fluid and 

dust phases. 

From the studies cited above, it is evident that many 

researchers have investigated the behavior of dusty fluid 

flows in rotating systems within porous media. The 

motivation behind this work is to further examine how the 

rotation of the plate influences the thermal and momentum 
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behavior of both the fluid and the dust particles in a two-

phase system. To analyze the velocity field of each phase, 

the governing nonlinear partial differential equations 

(PDEs) are first derived using appropriate non-dimensional 

transformations. These dimensionless equations are then 

solved numerically using the explicit finite difference 

method (FDM). Finally, the results are discussed and 

visualized to highlight key fluid and thermal characteristics. 

This research is useful for understanding dust-laden fluid 

flow in rotating systems such as industrial dryers, rotating 

heat exchangers, filtration devices, and similar systems. It 

also helps in modeling environmental and geophysical 

flows where particles move through porous materials under 

rotating conditions. 

2. Mathematical Formulation 

Consider a two-dimensional, viscous, unsteady, and 

incompressible fluid within a porous medium, where a 

vertical semi-infinite plate is placed and moves vertically 

upward along the x-axis, while the y-axis is oriented normal 

to the plate surface. Initially, at a time 0t , the fluid and 

the plate are at rest. At 0t , the plate is impulsively set 

into motion in the x-direction, which is opposite to the 

direction of gravity, acquiring a constant linear velocity U0. 

In this case, the external forces are considered negligible. 

Simultaneously, the system begins to rotate with a constant 

angular velocity Ω. This sudden movement and rotation 

induce an unsteady flow field in the fluid adjacent to the 

plate. The physical configuration of the problem is 

illustrated in Figure 1. 

 

Figure 1.  The physical setup of the problem 

Based on the above assumptions and applying the 

Boussinesq approximation to the fluid, the dimensional 

forms of the momentum equations for both the clean fluid 

and the dust particles are reduced to the following 

equations. 

Continuity Equation: 

For fluid phase: 
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Momentum Equations: 

For fluid phase: 
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For dust phase: 
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To make the non-dimensional form of the above 

equations, the following non-dimensional variables have 

been introduced: 
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The anticipated nonlinear PDEs for the preceding 

mechanism are as follows: 

For fluid phase: 
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For dust phase: 
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For the initial and boundary preferences, the relevant 

dimensionless criteria are as follows: 
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The dimensionless quantities are: 
2
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3. Calculation Technique 

Following the discretization of the mathematical 

equations (9) through (14) of the physical issue by the 

explicit FDM, several numerically discretized equations 

are revealed. These equations are then solved using 

MATLAB within the given boundary conditions. This 

discretization method is applied to flow space using central 

type differencing for the higher-order differential term and 

backward type differencing for the first-order differential 

term. To calculate the next time value for each profile, the 

domain has been divided into potentially tiny portions. 

Multiple grid lines are used to map the boundary layer's 

covered area in the direction of the y- axis (Figure 2). 

The explicit finite difference method has been used to 

solve equations (9) to (14) subject to the boundary 

conditions given by (15). To obtain the difference 

equations, the region of the flow is divided into a grid or 

mesh of lines parallel to x  and y  axes, where x  axis is 

along the plate and y  axis is normal to the plate. Here we 

consider that the plate of height 
max 100x   i.e. x  varies 

from 0 to 100 and regard 
max 8y   as corresponding to 

y  i.e. y  varies from 0 to 7. It is assumed that y  

is a constant mesh size along y  direction and taken as 

follows, 0.5x  , 0.1333y   with the smaller time-

step, 0.005  . 

3.1. Shear Stress 

Scholarly research has examined the impact of relevant 

factors on both the average and local shear stress resulting 

from the flow rate. The relationships below provide the 

non-dimensional form of the fluid's local and average shear 

stress: 
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Figure 2.  The finite difference grid space 
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4. Results and Discussion 

The governing equations in this study are formulated 

using standard transformation techniques. These modified 

equations are then solved using the explicit finite difference 

method. A suitable MATLAB program is developed to 

perform the computations. Subsequently, numerical 

solutions of the governing equations are obtained and 

presented through various graphs, illustrating the velocity 

and concentration profiles for different values of the 

relevant parameters. It is mentioned that in all the figures, 

the solid line refers to the clean fluid and the dashed line 

refers to the dust flow distributions. 

4.1. Time and Mesh Sensitivity 

A visual representation of several aspects of the velocity 

has been provided. The fluid velocity distributions 𝑢 and 𝑤 

have been portrayed in Figures 3(a)-(b) for different times 

τ. The calculations have been carried out for the times 

1,5,10,12,14 and 15   with time step dt = 0.005. The data 

indicate that there is a minor variation in the time

14and15  . Therefore, the maximum time 15  has 

been considered in this analysis so that no adverse effects 

are created. While, the grid sensitivity tests on the primary 

and secondary velocities u and w, are shown in Figures 

3(c)-(d). 

The velocity distributions for three grid pairings, (m, n) 

= (95, 55), (m, n) = (100, 60), and (m, n) = (105, 65), with 

time 15   with time step dt = 0.005, have been displayed. 

Additionally, there is very little variation across these grid 

pairings, making any one-grid pair suitable for solving the 

problem. 

  

(a)                                                      (b) 

  

(c)                                                      (d) 

Figure 3.  (a) Time sensitivity for velocity u; (b) Time sensitivity for velocity w; (c) Mesh sensitivity for velocity u; (d) Mesh sensitivity for velocity 

w 
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4.2. Behavior of the Primary Velocity u and up 

Figures 4(a)-(d) exhibit the dimensionless velocity 

distribution 
puu or  against the distance y , for 

different values of pertinent parameters. Where, the value 

of one parameter is varied, while the values of the other 

parameters are kept fixed. 

Figure 4(a) demonstrates that as the particle mass 

parameter G increases the velocities of both the clean fluid 

and the dust particles decrease. It’s significant that the 

higher particle mass increases their inertia, resisting motion 

due to momentum, leading to a damping effect on velocity 

that occurs when the flow slows down the dust phase. 

Figure 4(b) shows that the increasing effect of Mass 

Concentration Parameter R results in lower velocity 

profiles. An increase in mass concentration enhances flow 

resistance, leading to a decrease in both fluid and particle 

velocities. Figure 4(c) is associated with system rotation. In 

a rotating system, the Coriolis force acts perpendicular to 

the flow direction. This causes a deflection of fluid 

particles, shifting momentum away from the wall so that 

for the increasing effect of Rotational Parameter 0R , the 

velocity decreases significantly. Figure 4(d) presents that 

for the increasing effect of Permeability Parameter 
pK , 

both velocities (Clean and dust particles) show a minor 

increase. The parameter 
pK  characterizes the porosity of a 

porous medium embedded in the flow domain. When 
pK  

increases, the resistance of the porous medium decreases. 

Higher permeability reduces resistance in the porous 

medium, allowing both fluid and dust particles to move 

more freely and accelerating the flow near the wall, thereby 

enhancing the overall velocity profile across the domain. 

  

(a)                                                      (b) 

  

(c)                                                      (d) 

Figure 4.  The effects of (a) Particle mass parameter G; (b) Mass concentration parameter R; (c) Rotational parameter R0; (d) Permeability parameter 

K on the primary velocity u and up 
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4.3. Behavior of the Secondary Velocity w and wp 

Figures 5(a)-(d) analyze the dimensionless secondary 

velocity pww or  against the distance y , for different 

values of pertinent parameters. 

Figure 5(a) represents the effect of particle mass 

parameter G on the velocity, which indicates that the 

increasing impact of G leads to a reduction in both w  and 

pw . The heavier particles in a dusty liquid are less 

responsive to secondary forces and thus their velocity 

pww or  decreases. 

The effect of mass concentration parameter R  on the 

velocity profile is shown in Figure 5(b). Usually the 

velocities pww and  increase near the wall due to the 

increase in R, while the value of R is higher, both the clean 

and dust phases' velocities are decreased away from the 

wall. And the peak velocities are found closer to the wall. 

A denser dust suspension increases the effective viscosity 

and resistance to vertical or transverse motion. This inhibits 

both the fluid and dust’s ability to move in the secondary 

direction. Figure 5(c) depicts the increasing effect of 

rotational parameter 0R  causes a strong suppression of 

w  and pw . Rotation induces Coriolis forces that resist 

out of plane motion. Higher rotation thus restricts 

secondary velocities more significantly, especially for the 

dust phase. Figure 5(d) shows the increasing effect of 

permeability parameter pK  allows both w  and pw  to 

rise slightly. A more permeable medium offers less 

obstruction to fluid and particle movement. The dust 

particles especially benefit from a lower resistance, 

resulting in slightly higher pw  values. 

  

(a)                                                      (b) 

  

(c)                                                      (d) 

Figure 5.  The effects of (a) Particle mass parameter G; (b) Mass concentration parameter R; (c) Rotational parameter R0; (d) Permeability parameter 

Kp on the secondary velocity w and wp 
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4.4. Behavior of the Primary Local Shear Stress τuL 

and τupL 

Figures 6(a)-(d) show the behavior of the primary local 

shear stresses upLuL  or  for different values of pertinent 

parameters. Figure 6(a) depicts that, as the particle mass 

parameter G increases, the heavier particles resist 

deformation more strongly, reducing momentum exchange 

between phases and thereby lowering the local shear 

stresses in both the clean fluid and dust phases. Figure 6(b) 

presents the effect of Mass concentration parameter R. This 

parameter represents the particle loading in the fluid flow, 

indicating the relative amount of solid particles suspended 

in the fluid. An increase in R enhances mixture inertia and 

momentum exchange between fluid and particles, leading 

to reduced velocity and shear stress due to stronger flow 

damping. 

Figure 6(c) shows the effect of the rotational parameter 

R0. An increase in the rotational parameter R0 enhances the 

Coriolis force, which opposes and redistributes the primary 

flow motion. This results in a reduction of velocity 

gradients near the wall, leading to a decrease in shear stress 

in the fluid flow. Figure 6(d), shows that, as the 

permeability 
pK  increases, the porous medium offers less 

resistance to fluid motion. This causes the velocity gradient 

near the wall to steepen, resulting in a rise in primary local 

shear stress. In dusty flows, the increased mobility of both 

gas and particles enhances this effect through stronger dust-

fluid momentum coupling. 

  

(a)                                                      (b) 

  

(c)                                                      (d) 

Figure 6.  The effects of (a) Particle mass parameter G; (b) Mass concentration parameter R; (c) Rotational parameter R0; (d) Permeability parameter 

Kp on the Primary Local shear stress 
uL  and 

upL  
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4.5. Behavior of the Primary Average Shear Stress τuA 

and τupA 

Figure 7(a) presents the effect of Particle Mass 

Parameter G on the uA  and upA . Increasing G makes 

the flow more resistant to shear deformation, increasing 

internal friction, hence reducing shear stress magnitude. 

The negative stress indicates backward stress resistance to 

flow. The effect of mass concentration parameter R is 

exhibited in Figure 7(b) where both uA  and upA  are 

increased with the rise of R. Figure 7(c) shows the 

decreasing impact of rotational parameter on uA  and 

upA . That is the primary average shear stress is decreased 

as rotational force supports flow deformation for both clean 

and dust phases. Figure 7(d) presents the effect of 

permeability parameter 
pK . Here as an increase in 

pK , 

both uA  and upA  show a minor increase. The 

permeability parameter characterizes the ability of a porous 

medium to allow fluid to pass through it. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 7.  The effects of (a) Particle mass parameter G; (b) Mass 

concentration parameter R; (c) Rotational parameter R0; (d) Permeability 

parameter Kp on the Primary Average shear stress 
uA  and 

upA
 

4.6. Behavior of the Secondary Local Shear Stress τwL 

and τwpL 

Figures 8(a)-(d) show the behavior of the secondary 

local shear stresses wL  and wpL  on clean fluid and 

dust particles respectively. Figure 8(a) examines the effect 

of particle mass parameter G leads to a noticeable decrease 

in both wL  and wpL . Heavier particles have greater 

inertia, so they resist reacting to shear forces in the fluid. 

As a result, the momentum exchange between dust and 

fluid diminishes for larger G. Figure 8(b) exhibits the 

increasing impact of mass concentration parameter R on 

wL  and wpL  and it shows the decreasing impact. As R 

decreases, the fluid contributes more to the total wall shear 

stress, suggesting stronger fluid momentum or less 

resistance from the dust. Dust contribution to wall shear is 

smaller and more sensitive to R. For small R, dust interacts 

more, adding to shear while for high R, dust is either more 
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inert or less coupled. Figure 8 (c) shows the effect of 

rotational parameter 
0R  on wL  and wpL . As increasing

0R  enhances wL  and wpL , especially near the start of the 

domain. Rotation induces Coriolis forces, altering the flow 

and generating secondary shear. These forces influence 

both phases, increasing the stress due to rotational effects, 

particularly near the boundary layer origin. Figure 8(d) 

presents the effect of the permeability parameter pK  which 

indicates that increasing pK  reduces both wL  and wpL  

and smooths out the profiles. 

4.7. Behavior of the Secondary Average Shear Stress 

τwA and τwpA 

Figures 9(a)-(d) illustrate the influence of four physical 

parameters-namely particle mass parameter, mass 

concentration parameter, rotational parameter and 

permeability parameter on the secondary average shear 

stress over time. Figure 9(a) reveals that increasing the 

particle mass parameter G leads to a reduction in shear 

stress, as heavier particles introduce greater inertia, 

dampening momentum diffusion and resisting flow 

deformation. System with more massive particles resists 

flow deformation more, reducing shear stress. In contrast, 

Figure 9(b) shows that a higher mass concentration 

parameter enhances the average shear stress due to strong 

coupling between mass diffusion and momentum transport, 

resulting in steeper velocity gradients. Figure 9(c) 

demonstrates that the rotational parameter significantly 

amplifies shear stress by inducing secondary flows through 

rotational effects, which intensify the internal shear within 

the fluid. Lastly, Figure 9(d) indicates that higher 

permeability allows more fluid to pass through the porous 

structure with less resistance, thereby reducing velocity 

gradients and consequently lowering the secondary shear 

stress. 

 

(a)                                                      (b) 

  

(c)                                                      (d) 

Figure 8.  The effects of (a) Particle mass parameter G; (b) Mass concentration parameter R; (c) Rotational parameter R0; (d) Permeability parameter 

Kp on the Secondary Local shear stress wL  and 
wpL  
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(a)                                                      (b) 

  

(c)                                                      (d) 

Figure 9.  The effects of (a) Particle Mass Parameter G; (b) Mass concentration parameter R; (c) Rotational parameter R0; (d) Permeability parameter 

Kp on the Secondary Average shear stress 
wA  and 

wpA  

5. Conclusions 

This investigation reveals that the rotational effect 

significantly influences the motion of both the fluid phase 

and the suspended particles. The porous medium enhances 

momentum dissipation, promoting quicker stabilization of 

the flow. Results are described for many relevant parameter 

values, such as the permeability parameter (
pK ), Particle 

mass parameter (G ), Fluid Concentration parameter ( R ), 

and Rotational parameter (
0R ). Key findings from this 

research are listed below: 

 It is observed that an increase in 
pK  leads to a rise in 

primary velocity, whereas higher values of G, R and 

0R  result in a reduction of the primary velocity. 

 The secondary velocity profile responds more 

strongly to increases in 
pK   and it gives a mixed 

effect for 
0R  but for increasing values of G and R the 

secondary velocity profile is decreased. 

 Improvements in 
pK   cause the primary local shear 

stress minor rising effect, whereas enhancements in G, 

R, and 
0R  cause it to fall. 

 When 
pK   is enlarged, the primary average shear 

stress rises, but when G, R, and 
0R  are enlarged, it 

falls. 

 While advancements in G and R bring both primary 

and secondary local shear stress down, increases in 

pK  and 
0R  cause it to minor rise. 

Limitations 

The study is limited to a laminar dusty fluid model with 

constant properties and a homogeneous porous medium. 

Particle–particle interactions, thermal effects, non-

Newtonian behavior, and experimental or numerical 

validation are not considered, which may restrict direct 

applicability to complex real-world systems. 
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Future Research Plan 

Future research could increase its applicability and 

model realism by including heat and mass transfer, non-

Newtonian fluids, particle interactions, magnetic fields, 

and experimental or numerical validation etc. 

Nomenclature 

Dimensional Quantities 

u~ : Clean fluid velocity component along x~ -axis 

v~ : Clean fluid velocity component along y~ - axis 

w~ : Clean fluid velocity component along z~ - axis 

pu~ : Dust particle velocity component along x~ -axis
 

pv~ : Dust particle velocity component along y~ -axis
 

pw~ : Dust particle velocity component along z~ -axis 

p~ : Pressure on the fluid 

t
~ : Time 

 : Kinematic viscosity of the clean fluid 
 : Permeability of the porous medium 

pm : Average mass of the dust particle 

 : Density of clean fluid 

p : Material density of dust particle 

a : Average radius of the dust particle 

Non-dimensional Quantities 

u : Clean fluid velocity component along -x axis 

pu : Dust particle velocity component along -x axis 

 : Pressure gradient 

pK : Permeability parameter 

R : Fluid concentration parameter 

0R : Rotational parameter 

G : Particle mass parameter 

t : Time 

t : Time increment 

K : Stokes constant a6  
N : Number of dust particles per unit volume 

 

L : Local shear stress of clean fluid 

pL : Local shear stress of dust particle 

A : Average shear stress of clean fluid 

pA : Average shear stress of dust particle 
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