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Abstract:  

The effects of heat radiation, chemical reaction, Hall and ion slip, as well as a flow of 

a fluid in which each particle moves along its line of flow with constant speed and in 

which the cross section of each stream tube remains unchanged transverse magnetic 

field and convective boundary conditions, on an unstable MHD natural convective 

rotating flow of micro-polar Casson fluid through extending to infinity in one 

direction the porous plate moving vertically have been studied. The boundary layer 

solutions must satisfy the no slip criterion since it is presumed that the entire system 

would vary in time by constant frequency. The perturbation approach is applied to 

solve the dimensionless governing equations analytically, and the outcomes are then 

computationally analysed to the relevant parameters by references. Heat and mass 

transfer which involves several natural and man-made transport systems on MHD 

flows across porous medium through chemical reactions. Hall and ion slip impacts are 

often exploited in the bio-medical field. 

Keywords: Hall and ion slip impacts, Thermal radiation, Micropolar – Casson fluid, 

Rotating frame, Chemical reaction. 

 

1. Introduction  

Hari R [1] found an analytical solution to the unstable free convective MHD is studied. In the 

occurrence of chemical reaction, heat generation, ramped wall temperature, and ramped surface 

concentration with embedded porous medium, Casson fluid movement passed over an exponentially 

accelerated perpendicular plate. The Hall and Ion slip impacts on MHD rotating convective boundary 

layer flow of a nano-fluid through a semi-infinite horizontal permeable porous plate were designed 

by M. Veerakirishna[2]. Heat and mass transfer on MHD oscillatory flow through an lop-sided wavy 

channel examined by J. Sasikumar [3] through porous channel with suction and injection. Abdul 

Rahman Mohd Kasim [4] concentrated on the issue of fixed two-dimensional convective movement 

of a Casson fluid while also taking into account the microrotation impact over a stretch surface and 

mixed convection as the basis of heat transmission. The impacts of nanoparticle geometry, slip, and 

temperature wall circumstances on the thermo-magneto-solvent flow of nano fluid among two 
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parallel discs contained in a porous media have been rationally explored, as predicted by M. G. 

Sobamowo [5]. According to Dhananjay Yadav [6], the collective effect of temperature-dependent 

viscosity and an inside heat source on the beginning of convection in porous inserts saturated with a 

viscoelastic fluid has been investigated by means of linear and weak nonlinear stability models. Sara 

I [7] looked examined the mathematical outcomes of peristaltic transportation of a blood as non-

Newtonian through a ununiform channel in the presence of an exterior magnetic field, a 

concentration of nanoparticles, a chemical reaction, a Hall current, and ion slip. In the occurrence of 

chemical processes and thermal radiation, Omar T. Bafakeeh [8] predicted the unsteady MHD free 

convection movement of a viscous, incompressible, and electrically conducting flowing over a 

perpendicular plate embedded in a porous media. The main and secondary flows of a micropolar 

fluid through an inclined plate with viscous dissipation and thermal radiation were investigated by 

M.D. Shamshuddin [9] in a rotating frame. Hall and ion-slip effects were taken into consideration 

when M. Veera Krishna [10] studied the steady MHD laminar flow of an elastico-viscous, 

electrically conducting Walter's B fluid through a spherical cylinder or pipe that is loosely packed 

with porous material. M. Veera Krishna [11] calculated the effects of angle of inclination, changing 

temperature, and concentration on the Hall and ion slip effects on the unsteady MHD free convective 

flow across an exponentially accelerating inclined plate embedded in a saturated porous media. M. 

Veera Krishna [12] studied the effects of uniform transverse magnetic field, convective boundary 

conditions, thermal radiation, chemical reaction, Hall, and ion-slip on convection by two different 

level density with different rate diffusion (double-diffusive) unstable MHD natural convective 

rotating flow of micropolar fluid through extending to infinity in one direction vertically moving 

porous plate. Dhananjay Yadav [13] investigated the issue of convective instability for an electrically 

conducting nanofluid layer under magnetic field with a physically more realistic boundary condition 

on the volumetric fraction of nanoparticles, i.e., by assuming that the flux of nanoparticles is zero 

rather than imposing the volumetric fraction of nanoparticles on rigid boundaries. According to M. 

Veera Krishna [14], the effects of Hall and ion slip on the MHD convective flow of elastico-viscous 

fluid through a porous media between two rigidly rotating parallel plates with a time-varying 

sinusoidal pressure gradient were studied. D. Srinivasacharya [15]looks at how the magnetic field 

affects the mixed convective flow of nano fluid between the annuli of two concentric co-axial 

cylinders using the characteristics of thermophoresis, Brownian motion, Hall, and ion slip. In this 

research, Dulal Pala [16] looks at the impact of thermal radiation and chemical reaction on the 

double- diffusive convective heat and mass transfer of MHD oscillatory flow of a micropolar fluid 

across a vertical plate embedded in a porous medium with convective boundary conditions. 

Muhammad Sohail [17] used a theoretical and numerical technique to analyze MHD three-

dimensional boundary layer movement of a steady incompressible Casson fluid through a rectilinear 

stretchy surface with Cattaneo-Christov convection by two different level density with different rate 

diffusion (double diffusion). The unsteady natural convection flow of a rotating fluid over and done 

with an exponentially accelerated perpendicular plate with Hall current, ion-slip, and magnetic effect 

is examined by Jitendra Kumar Singh [18]. 

From all the aforementioned, Hall, and ion slip impacts with thermal radiation and chemical reaction 

on the convection by two different level density with different rate diffusion (double-diffusive) 

unsteady MHD natural convective rotating flow of micro-polar Casson fluid over and done with a 
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semi-infinite perpendicular porous wavy channel through convective boundary conditions has not 

been yet discussed. Thus, it has been planned to examine the impacts of thermal radiation, chemical 

reaction, Soret with Hall and Ion slip effects, and convective boundary conditions on unsteady MHD 

natural convective rotating flow of micro-polar Casson fluid over and done with a semi-infinite 

perpendicular moving porous plate. 

2. Mathematical Formulation  

The consequences of thermal diffusivity, chemical reaction, Hall impacts, and ion slip are measured. 

The investigation is done with the impact of a diagonal magnetic field and convective boundary 

conditions on incompressible an unstable free convective hydromagnetic Micropolar - Casson fluid 

flow confined through extending to infinity in one direction in porous plate within a rotating frame. 

The wavy channel one side wall xadhz cos' +== at z=h .In this case, the effects of Soret, 

chemical reactions, Hall, and ion slip impacts are considered.  

 The occurrence of heat and concentration buoyancy forces causes a uniform transverse 

magnetic field  to impose on the flow motion. 

 Initial and uninterrupted condition, micropolar Casson fluid and plate have been rigidly 

rotating by means of the same angular velocity with respect to the normal to the plate. 

 As seen in Figure 1, the z-axis is at right angles to the x-axis and is taken into account with 

the plate in the vertical direction. 

 The applied magnetic field dominates over the magnetic field that is induced. The magnetic 

field is considered to have a lower density. 

 The fluid is said to be Gray and to either emit or absorb radiation. 

 The Rosseland approximation is applied to represent the radiative heat flux in the z-direction. 

 The plate moves up along its own plane constantly and uniformly. 

 It is expected that the surface temperature will remain constant at Tw even though the 

ambient temperature take hold off on the constant value T, resulting in the relationship Tw > T. 

 Concentration close to the boundary surface be consistently considered as Cw, while ambient 

fluid concentration be taken as C.  

The boundary layer equations for motion, energy, and mass diffusion in the presence of a uniform 

transverse magnetic field and the frequency of thermal diffusion and chemical reaction   remained as 

follows under these presumptions. 

The flow of governing equations [12] 

 

Figure 1: Physical model of the problem 
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Governing Equations  

                                                                                                                              
(1) 

      (2) 

           (3) 

                  (4) 

                 (5) 

                (6) 

              (7) 

The boundary conditions are described by, 

 ,  ,  ,                                   ,                        (8) 

 , 

  , ,  at   z=0 

, , ,  , ,     at       z=h                

(9) 

The continuity Eq. (1) makes the suction velocity clear and it is only useful in terms of time, hence it 

might be expressed as the following formula[19]. 

            (10) 

Where A an existing positive invariable, adding to be a magnitude of suction velocity in 

which . -Casson parameter, g-acceleration, D-mass diffusivity, ρ-density, βT –coefficient of 

volume expansion, βC - coefficient of volume expansion with concentration-kinematic viscosity, Kr*-

absorption coefficient,D1-thermal diffusion coefficient, k-permeability of porous medium,α-thermal 

conductivity,Cp-specific heat at constant pressure, 

Choose the radiative heat flow, , in the fluid medium before moving on. The Rosseland 

approximation will be used to estimate this term in the current study[20]. 

              (11) 
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Considering that the flow is surrounded by a temperature different, then the linear combination of 

temperature is defined. Developing  by Tayler’s series tends to  as of the following, 

                  (12) 

Ignoring higher order expressions forward to the foremost degree within ,  

                                                                                        (13) 

with respect to z, differentiate the equation (12) and making use the equation (13)  

                                                                                        (14)  

Since the frequency of electron-atom collisions is speculated to be quite high, hall and ion slip effects 

cannot be ignored. Consequently, the velocity is produced by the hall and ion slip currents. The hall 

and ion slip effect be added to the generalized ohm's law once the magnetic field strength is actually 

strong. 

    (15) 

Additionally, be the hall parameter and be the ion slip parameter 

in the equation (15), the electron pressure gradient and thermoelectric impacts are ignored, 

particularly, the electric field , by means of these assumptions, the equation (15) condensed to 

component methods as,  

                                                                                      (16) 

                                                                                     (17) 

where, be the parameter of hall effect. Resolving the equations (16) and (17),  

                                                                                      (18)

  
                                                                                                 (19) 

Where, 

 

  

Replacing the equations (18) – (19) in (3) – (2) accordingly, we obtain  

 

                                         (20) 
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    (21) 

Exhibiting homogeneity and non-dimensional quantities in the following,  

 

The 

governing equations (20), (21), (4) – (7) reduced by using of Non – dimensional variables to the 

following 

 

                                                                                                               (22) 

 

                                                                                                                (23) 

        (24) 

                                                                                                      
(25)  

       (26) 

      (27) 

Applicable boundary conditions be,  
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Combining the equations (22) and (23); (24) and (25),  

Let and , we acquired, 

 

                                                                                                                                                                             

(30) 

                                                                                                          
(31)  

3. Method of Solution 

 Assume the perturbation approach to acquire the solutions of the beyond scheme of partial 

differential equalities (dropping the apostrophe) (30-31) and (26-27) under the pertinent boundary 

conditions.  

          (32) 

       (33) 

       (34) 

        (35)  

The following set of equations were attained by substituting equations (32) to (35) into equations 

(26), (27), (30) and (31), while absorbing the harmonic and non-hormonic terms and ignoring the 

higher power terms of O ( ): 

Zeroth order Equations  

                   (36) 

            (37) 

            (38) 

          (39) 

The corresponding boundary conditions are as follows  

, ,  ,   at z=0 
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,  ,  ,   at z=h 

Solving the equations (36) to (39) under the boundary conditions, we obtain the velocity, 

temperature, concentration and microrotation  

 

 

+             

           

 

First order Equations  

                  (40) 

                  (41) 

                 (42) 

                    (43) 

The corresponding boundary conditions are as follows  

 ,  , ,  at z=0 

,  , ,  at z=h 

Solving the equations (40) to (43) under the boundary conditions, we obtain the velocity, 

temperature, concentration and microrotation   

 

 

       

 

+ + +         

solutions for the following equations with respect to velocity, microrotation, temperature, and 

concentration are: 
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Skin friction, Nusselt number, and Sherwood number in dimensional form at the plate are, 

 at ,h 

 at  ,h 

at ,h 

4. Result and Discussion 

     The effects of Hall, and ion slip with thermal radiation, chemical reaction on an unsteady MHD 

natural convective rotating flow of micro-polar Casson fluid surrounded through a semi-infinite 

perpendicular moving porous plate have been taken into consideration by the influence of a uniform 

transverse magnetic field and boundary conditions. Some fixed values were set with the intention of 

calculating certain components , , , , , , , 

, , , , , , , , , , , 

, , , .  

Figure 2 demonstrated that the Hartmann number (M) characterizes magnetic field strength in a 

conducting fluid and the fluid motion and altering the velocity profile can be interacted. Magnetic 

field effect is stronger in regions of high velocity, where the Lorentz force is larger. As a result, the 

velocity profile becomes flatter and broader in the presence of a magnetic field. This effect can be 

quantified by the Hartmann number (M), which is a measure of the ratio between the Lorentz force 

and the viscous force in the fluid. Therefore, as the Hartmann number (M) increases, the strength of 

the magnetic field becomes stronger relative to the fluid viscosity, more significant reduction in 

resulting velocity and a broader, flatter velocity profile in both the U and V regions. 

 

Figure 2   The velocity profile against M                        Figure 3   The velocity profile against  
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In the context of a velocity profile, figure 3 that the Hall parameter augments in the region U 

and lessens in the region V because of the effect of the magnetic field on the fluid. When the fluid 

flows through the region U, it experiences a strong magnetic field, which causes it to slow down due 

to the Lorentz force. This results in a lessening in the velocity and a rise in the Hall parameter . 

the Hall parameter  is a measure of the relative strength of the magnetic field and the viscous 

forces in a flowing fluid. Its behavior in different regions of the velocity profile is determined by the 

local strength of the magnetic field and the viscosity of the fluid.  

 

Figure 4 The velocity profile against                      Figure 5 The velocity profile against Gm 

 

Figure 6 The velocity profile against Gr                       Figure 7 The velocity profile against (t) 

 

Figure 8 The velocity profile against N 
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Figure 4 that the ion slip parameter  is defined as the ratio of the ion gyrofrequency to the 

electron collision frequency. It is a dimensionless parameter that quantifies the importance of the 

Hall effect in a plasma. When the ion slip parameter  is large, the Hall effect is dominant and can 

significantly alter the plasma's velocity profile. Specifically, the ion slip parameter  can affect 

both the U and V regions of the velocity profile because it can create a shearing effect between these 

regions. The U region is typically characterized by a high ion density and a relatively low electron 

temperature, while the V region has a lower ion density and a higher electron temperature. When the 

ion slip parameter  is large, the Hall effect can cause a shearing between these regions, leading to 

a rise in the fluid velocity profile in both the U and V regions. 

Figure 5 that the mass Grashof number(Gm) specifically takes into account the effects of density 

variations in the fluid. While the mass Grashof number (Gm) rises, the buoyancy force controls over 

the viscous force, leading to the development of convection currents in the fluid. These convection 

currents cause mixing and lead to aextra uniform temperature distribution within the fluid. As a 

result, the velocity profile becomes more uniform and the velocity in both regions U and V 

decreases. 

Figure 6 that he thermal Grashof number (Gr) is well-defined in place of the product of the ratio, the 

forces of buoyancy to viscous Grashof number (Gr) and the thermal diffusivity ratio to kinematic 

viscosity (Pr). When the Grashof number (Gr) number increases, it implies that the buoyancy forces 

become relatively stronger than the viscous forces. As a result, the velocity profile in both the 

regions U and V is affected. In the region U (parallel to the hot surface), the velocity increases as the 

convective cells form and transport fluid particles upwards. In the region V (perpendicular to the hot 

surface), the velocity also increases due to the mixing and exchange of fluid particles caused by the 

convective cells. This leads to a more uniform velocity profile across the flow direction. Hence the 

increase in the thermal Grashof number (Gr) enhances the buoyancy-driven convection, which 

affects the velocity profile in both the U and V regions of the fluid flow. 

Figure 7 that the dimensionless time (t), also known as the dimensionless variable, is a parameter 

used to describe the velocity profile over time as fluid flows through the channel. As the fluid flows 

through the channel, the velocity profile changes over time due to various factors such as friction, 

turbulence, and viscosity. In both the U and V regions of the velocity profile, the dimensionless time 

(t) increases because the fluid particles in these regions are moving at a slower velocity than in the 

core region. As the fluid flows through the channel, the velocity profile changes over time due to 

various factors such as friction, turbulence, and viscosity. In both the U and V regions of the velocity 

profile, the dimensionless time t increases because the fluid particles in these regions are moving at a 

slower velocity than in the core region. As the fluid particles in the U and V regions move at a slower 

velocity than those in the core region, it takes them more time to travel the same distance. This is 

why the dimensionless time (t) increases in both the U and V regions of the velocity profile.  

Figure 8 that the radiation parameter (N) can affect the velocity profile of a fluid in multiple ways. 

Radiation parameter (N) represents the ratio of the radiation heat transfer to the convective heat 

transfer in the fluid. When (N)  
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increases, the importance of radiation heat transfer relative to convective heat transfer increases as 

well. One way in which this can affect the velocity profile is by altering the temperature gradient in 

the fluid.  

Temperature Profile 

 

Figure 9 The temperature profile against t             Figure 10 The temperature profile against Pr 

 

Figure 11 The temperature profile against N 

Figure 9 that the temperature profile can be described using a dimensionless time (t) variable. 

dimensionless time (t) increases in the temperature profile are that it represents a normalized measure 

of time. Specifically, it is defined as the product of the physical time (t) and some scaling factor that 

depends on the specific physical system being studied. As time (t) increases, so does the 

dimensionless time (t), because the scaling factor remains constant. The increase in dimensionless 

time (t) in a temperature profile reflects the evolution of the temperature profile over time, 

normalized using a scaling factor that depends on the specific physical system being studied. 

Figure 10 that the Prandtl number (Pr) relates the momentum diffusivity of a fluid to its thermal 

diffusivity and as the ratio of the kinematic viscosity to the thermal diffusivity of the fluid. Prandtl 

number (Pr) can decrease due to changes in the fluid properties as temperature changes. Typically, 

the thermal diffusivity of a fluid increases with temperature, while the kinematic viscosity of the 

fluid decreases with temperature. Hence the temperature increases, the ratio of the kinematic 

viscosity to the thermal diffusivity (i.e., the Prandtl number) will decrease.  
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Figure 11 that the Thermal radiation (N) is the emission of electromagnetic waves by a material due 

to its temperature. According to the Stefan-Boltzmann law, the amount of thermal radiation (N) 

emitted by a material is proportional to the fourth power of its absolute temperature. As the 

temperature of a material increases, the amount of thermal radiation (N) it emits increases 

significantly. However, in a temperature profile, the thermal radiation (N) parameter may appear to 

lessening as the temperature increases. This is because other factors can also influence the 

temperature profile, such as heat transfer through conduction or convection, which may increase the 

temperature more rapidly than the increase in thermal radiation (N). Hence while the amount of 

thermal radiation (N) emitted by a material increases with temperature according to the Stefan-

Boltzmann law, other factors can affect the temperature profile and cause the thermal radiation (N) 

parameter to appear to decrease.  

Concentration Profile  

 

Figure 12 Concentration profile against Kc           Figure 13 The concentration profile against t 

 

Figure 14 The concentration profile against Sc 

Figure 12 that the increasing the concentration of chemical reaction (Kc) can also increase the 

probability that the molecules will collide with enough energy to overcome the activation energy 

barrier for the reaction (Kc). This is because at higher concentrations, the average distance between 

molecules is smaller, which means they are more likely to collide with sufficient force to initiate a 

reaction (Kc). Hence, increasing the concentration of reactant molecules can lead to an increase in 

the rate of a chemical reaction (Kc), as more collisions occur and more molecules overcome the 

activation energy barrier.  

In a concentration profile, figure 13 that the dimensionless time (t) typically represents the time 

elapsed since the start of a process, divided by some characteristic time scale. As the process 
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progresses, more time elapses and the value of (t) increases. As the process progresses, the 

concentration of the substance changes and the profile evolves. The evolution of the profile can be 

described by the equations in terms of the dimensionless time (t). As dimensionless time (t) 

increases, the concentration profile changes and the concentration gradients become steeper. This is 

because more time has elapsed, allowing the substance to diffuse or react further. The dimensionless 

time (t) increases in a concentration profile because it represents the time elapsed since the start of a 

process, and as the process progresses, more time elapses and the value of (t) increases.  

Figure 14 that the Schmidt number (Sc) is a dimensionless quantity that describes the ratio of 

momentum diffusivity (kinematic viscosity) to mass diffusivity in a fluid. When the concentration 

profile of a fluid rises, it means that there is a larger concentration gradient in the fluid. This larger 

concentration gradient causes a higher rate of mass transfer (diffusion) in the fluid, which in turn 

rises the value of mass diffusivity. Hence, the kinematic viscosity of the fluid does not change with 

the concentration profile. Therefore, as the value of mass diffusivity increases, the Schmidt number 

augments (Sc).  

Micro Rotation 

 

Figure 15 The micro rotation profile against t 

Figure 15 that the dimensionless time (t) in the profile micro rotation typically refers to the non-

dimensional time scale used to describe the fluid motion. The exact relationship between 

dimensionless time (t) and the micro-rotation rate will depend on the specific details of the flow 

being studied, but in general, as the fluid motion becomes more chaotic or turbulent, the micro-

rotation rate tends to decrease with time. This is because turbulent flows tend to mix the fluid more 

effectively, reducing the local velocity gradients that drive micro-rotation. 

Skin friction ( ) 

 

Figure 16 The Skin friction profile against M(z=0)   Figure 17 The Skin friction against M(z=h) 
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In the context of skin friction ( ), figure 16 that the Hartmann number (M) is related to the 

reduction of skin friction ( ) in the presence of a magnetic field. At , the Hartmann number 

(M) decreases because the magnetic field is presumed to be inserted perpendicular to the wall, which 

means that the magnetic field strength lessens as the distance from the wall decreases. The reduction 

of skin friction ( ) due to a magnetic field depends on the strength and orientation of the magnetic 

field, the velocity of the fluid, and the geometry of the flow. Therefore, the specific behaviour of the 

Hartmann number (M) and skin friction ( ) at  will depend on the details of the particular flow 

and magnetic field configuration.  

Figure 17 that the Hartmann number (Ha) is a dimensionless parameter that characterizes the 

strength of the magnetic field in a conducting fluid or plasma. the effect of a magnetic field on the 

skin friction ( ) of a fluid flowing through a channel. At z=h, the skin friction ( ) coefficient is 

defined as the ratio of the wall shear stress to the dynamic pressure of the fluid. While a magnetic 

field is inserted to the fluid flow, it can modify the skin friction ( ) coefficient by inducing a 

magnetic drag force that opposes the motion of the fluid. As the Hartmann number (M) rises, the 

magnetic field strength increases, which leads to a stronger magnetic drag force acting on the fluid. 

This increased drag force results in a higher skin friction ( ) coefficient at the wall, which is 

observed at z=h. Therefore, the skin friction ( ) increases with anrise in the Hartmann number (M) 

at z=h. 

 

Figure 18 The Nusselt number against Pr(z=0)  Figure 19 The Nusselt number against Pr(z=h) 

Figure 18 shows that in the study of heat transmission, the dimensionless quantities Prandtl and 

Nusselt are both utilised. At , which usually refers to the surface of a solid object, the fluid in 

contact with the surface experiences a sudden change in velocity and temperature, which leads to a 

boundary layer formation. The boundary layer is a thin layer of fluid in contact with the solid 

surface, where the velocity and temperature gradients are significant. The Nusselt number (Nu) is 

related to the rate of heat transfer from the surface to the fluid. At the surface, the velocity and 

temperature gradients are high, leading to a high heat transfer rate. However, as the fluid moves 

away from the surface, the velocity and temperature gradients decrease, and the heat transfer rate 

reduces. The thickness of the boundary layer is affected by The Prandtl number (Pr). A fluid with a 

low Prandtl number (Pr) has a thinner boundary layer than a fluid with a high Prandtl number (Pr). 

Hence, at , the Prandtl number (Pr) decreases the Nusselt number (Nu) because a fluid with a 
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lower Prandtl number (Pr) has a thinner boundary layer, resulting in a higher velocity and 

temperature gradients and therefore a higher heat transfer rate. 

Figure 19 that the relationship between the Prandtl number (Pr) and the Nusselt number (Nu) at z=h 

can be understood through the concept of boundary layers and the effect of viscosity on heat transfer. 

The boundary layer is the thin layer of fluid adjacent to a solid surface. This layer experiences a 

slower flow than the free stream, and its thickness is proportional to the square root of the distance 

from the surface. As the fluid flows over a heated surface, the temperature of the boundary layer 

increases, and the heat is then transferred to the rest of the fluid by conduction and convection. While 

the Prandtl number (Pr) is high, the heat transfer is dominated by conduction in the boundary layer, 

and the Nusselt number be relatively low. However, as the Prandtl number (Pr) decreases, the heat 

transfer is increasingly dominated by convection, and the Nusselt number (Nu)rises.  

Sherwood number (Sh) 

 

Figure 20: The Sherwood number against Sc(z=0)  Figure 21: The Sherwood number against Sc(z=h) 

Figure 20 that the Schmidt number (Sc) and Sherwood number (Sh) are dimensionless numbers 

commonly used in fluid mechanics and heat transfer. The Schmidt number (Sc) represents the ratio 

of momentum diffusivity (viscosity) to mass diffusivity, while the Sherwood number represents the 

ratio of mass transfer (diffusion) to momentum transfer (viscosity). At z=0, which is usually the 

reference plane, the concentration gradient is considered to be zero. This means that there is no 

change in concentration in the horizontal direction, and any mass transfer that occurs is due to 

vertical diffusion. Since the concentration gradient is small or negligible at z=0, the mass diffusivity 

dominates the mass transfer process, and the momentum diffusivity plays a minor role. the Schmidt 

number (Sc) decreases at z=0, meaning that mass diffusivity is relatively more important than 

momentum diffusivity. This leads to a corresponding decrease in the Sherwood number (Sh) at z=0, 

as the mass transfer coefficient (which is directly proportional to the Sherwood number) is primarily 

affected by mass diffusivity.  

Figure 21 that the Schmidt number (Sc) and the Sherwood number (Sh) are both dimensionless 

numbers used in fluid mechanics to describe the transfer of mass or momentum in a fluid. The 

Schmidt number (Sc) is explained as the ratio of the kinematic viscosity of a fluid to its mass 

diffusivity, while the Sherwood number is defined as the ratio of the mass transfer rate to the product 

of the diffusivity and a characteristic length. when  z=h, the Sherwood number (Sh) is describing the 

mass transfer behaviour of the fluid away from the wall and into the bulk flow. As the fluid moves 
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away from the wall, it typically experiences less resistance to mass transfer and the mass diffusivity 

becomes more important than the kinematic viscosity. Therefore, the Schmidt number (Sc) decreases 

at z=h, which causes the Sherwood number (Sh) to increase. This means that the mass transfer rate 

away from the wall is increasing and the fluid is mixing more efficiently. Hence, the decrease in 

Schmidt number (Sc) at z=h is due to the increasing importance of mass diffusivity compared to 

kinematic viscosity, which leads to anrise in the Sherwood number (Sh) and more efficient mixing 

away from the wall.  

5. Conclusions  

On an unsteady MHD natural convective flow of Micropolar - Casson fluid across a semi-infinite 

perpendicular moving porous plate using convective boundaries, the impacts of heat radiation, 

chemical reaction, Soret, Hall, and ion slip have been studied. The perturbation approach is utilized 

to solve the dimensionless governing equations. The significance of velocity, microrotation, 

temperature, and concentration is learned in order to identify the physical properties using the correct 

parameters.  

The following conclusions are drawn.  

o The results of the resultant velocity q, Hartmann number(M) and mass Grashof number (Gm) 

lessen with an increasing value. Whereas Hall parameter ( ) increases in velocity U and decreases 

in velocity V with an augment value. Dimensionless time t, ion slip parameter ( ), thermal Grashof 

number (Gr) and thermal radiation (N) augment with rising values.  

o Furthermore, the effects of dimensionless time t exposed that increase in the temperature 

profile and it reduced with a mounting value in Prandtl number (Pr) and thermal radiation (N).  

o Concentration profile increases with an increase in the dimensionless time t, chemical 

reaction (Kc) and Schmidt number (Sc).  

o Microrotation profile lessens with the mounting values of dimensionless time t.  

o An augment in the Hartmann number (M)and Prandtl number (Pr) at z=0 reducesthe skin 

friction (Cf) coefficient and Nusselt number (Nu), the reversal behaviour is detected for the skin 

friction coefficient and Nusselt number (Nu)while an increase in the Hartmann number (M) and 

Prandtl number (Pr) at z=h.Whereas Sherwood number (Sh)lessens with weaken in the increasing 

values of Schmidt number (Sc) at the walls z=0 and  z=h.  
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