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1 Introduction 

 

Free convection flows are widely applied in aeronautics, reactor fluidization, glass-fiber 

production processes, aerodynamic, cooling of gas turbine rotor blades, drawing of a polymer 

sheet, foodstuff processing, melt spinning, mechanical forming processes, cooling of metallic 

plates, wire and fiber coating, extrusion of plastic sheets, continuous casting, rolling, annealing, 

and tinning of copper wires. In these various applications, the analysis of fluid flow and heat 

transfer is very essential because the quality of products in the processes depends considerably 

on the flow and heat transfer characteristics [1-11]. Different analytical and numerical methods 

have also been applied to the analyses of the flow and heat transfer models.  Parameter 
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In this work, finite difference method is applied to two-dimensional transient 

heat and mass transfer of Casson nanofluid past an isothermal vertical conical 

plate embedded in a porous media under the influences of thermal radiation 

and magnetic field. The results of the numerical computations and simulations 

show that the temperature and concentration of the fluid increase as the Casson 

fluid and radiation parameters as well as Prandtl and Schmidt numbers 

increase. As the Grashof number, radiation, buoyancy ratio and flow medium 

porosity parameters increase, the velocity of the Casson fluid increases. 

However, it was recorded that the Casson fluid parameter, buoyancy ratio 

parameter, the Hartmann, Schmidt and Prandtl numbers decrease as the 

velocity of the flow increases. Also, the time to reach the steady state 

concentration, the transient velocity, Nusselt number and the local skin-friction 

decrease as the buoyancy ratio parameter and Schmidt number increase. 

Further investigations depict that the steady-state temperature and velocity 

decrease as the buoyancy ratio parameter and Schmidt number increase. 

Additionally, the results depict the local skin friction, Nusselt and Sherwood 

numbers decrease as the Schmidt number increases. Though, the local Nusselt 

number increases as the buoyancy ratio parameter increases. It was established 

that near the leading edge of the plate, the local Nusselt number is not affected 

by both buoyancy ratio parameter and Schmidt number. 

 

 

 

 

 

 

 

 

 
M. G. 

*Sobamowo 

Assistant 

Professor 

 

 

 

Iranian Journal of Mechanical Engineering  

The Iranian Society of Mechanical Engineers 

Research Paper 
 

DOI: 10.30506/JMEE.2022.527580.1256 

 

 

mailto:mikegbeminiyi@gmail.com


Finite Difference Analysis of Transient Flow Analysis …                                                                                     47 
 

differentiation method was used by Na and Habib [12] while Merkin [13] presented the 

similarity solutions for free convection on a vertical plate. Merkin and Pop [14] and Ali et al. 

[15] applied numerical methods for the flow process. Homotopy analysis method and spectral 

local linearization approach were adopted by Motsa et al. [16,17] to analyze the free convection 

boundary layer flow with heat and mass transfer. Also, with the aids of homotopy analysis 

method, Ghotbi et al. [18] presented the analytical solutions to the free convection flow. In 

recent times, studies of flow over conical surfaces have been presented [19-36]. However, most 

of these studies which are based on time invariant that focused on the free convection currents 

caused by the temperature difference. It should be stated that the flow is also affected by the 

differences in concentration on material constitution such as seen in atmospheric flows, 

chemical processing, formation and dispersion of fog, distributive temperature and moisture 

over agricultural fields. Also, the transient behaviours of the fluids flow before a steady state is 

reached should be well investigated.  Hence, the study of the transient heat and mass transfer 

of the fluid over the vertical plate is very much important. Moreover, to the best of the authors 

knowledge, a study on implicit finite difference analysis of transient behaviours of free 

convection boundary-layer flow, heat and mass transfer of Casson nanofluids over a vertical 

plate under the influences of thermal radiation, magnetic field, flow medium porosity and 

nanoparticles has not been presented in literature. Therefore, the transient 

magnetohydrodynamics free convection heat and mass transfer of Casson nanofluid past an 

isothermal vertical conical plate embedded in a porous media subjected to thermal radiation is 

studied using implicit finite difference scheme of Crank-Nicolson type. The numerical solutions 

are used to carry out parametric studies. The graphical results are presented and discussed. 
 

2 Problem Formulation and Mathematical analysis 

 

Consider a two-dimensional unsteady free-convection flow, heat and mass transfer of a Casson 

nanofluid over a vertical conical plate embedded in a porous media and parallel to the direction 

of the generating body force as shown in Fig. (1). 

  

 
Figure 1 Free convection flow of a Casson fluid over a vertical cone 
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In order to set up the flow, heat and mass transfer of the Casson nanofluid, the following 

assumptions are made: 

i. The flow is incompressible and laminar 

ii. The heat transfer from the plate to the fluid is proportional to the local surface temperature  

iii. Pressure is uniform across the boundary layer and Boussinesq approximation is used  

iv. The thermal diffusion and diffusion thermal effects which are called the Soret and Dufour 

effects, respectively are insignificant and they are therefore negligible. 

v. The effect of viscous dissipation on the fluid flow process is negligible  

vi. There is no chemical reaction taking place in the mass of the fluid.  

 

Taken x-coordinate to be directed upward along the plate in the flow direction and y-coordinate 

is taken normal to the plate. Then under the stated assumptions, the governing equation of the 

flow, heat and mass transfer could be written as [44-45] 
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r is the radius of the vertical cone.

 In this work, we adopt a conditions that the plate and the fluid are initially at the same 

concentration and temperature level that is the same in the fluid everywhere. Then at time t > 

0, the plate temperature is suddenly raised to Tw, and the concentration level near the plate is 

also raised to Cw, which are thereafter maintained constant. Therefore, the initial condition is 

given as 

 

0, 0, 0, , 0 , 0t u v T T C C at x L y          (5) 

                      

And the appropriate boundary conditions under no slip conditions are given as 

 

0, 0, 0, , 0, 0t u v T T C C at x y         
(6a) 

 

0, 0, 0, , , 0t u v T T C C at x L y         
(6b) 

0, 0, 0, , 0, 0w wt u v T T C C at x y        (6c) 

0, 0, , , 0,t u v V T T C C at x y          (6d) 
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The thermal radiation term in Eq. (3) could be linearized using Rosseland’s approximation as 

follows 
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Substituting Eq. (7) into Eq. (3), we the governing equations of the flow, heat and mass 

transfer as 
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Where the various physical and thermal properties in Eqs. (2) and (3) are given as 
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Where m in the above Hamilton Crosser’s model in Eq. (13)  is the shape factor which numerical 

values for different shapes are given in Table (1). 
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Table 1 The values of different shapes of nanoparticles [37-42] 
 
 

 S/N                     Name                         Shape factor (m)                        Sphericity(ψ) 

 1                       Sphere                               3.0                                           1.000 

        2                        Brick                                3.7                                            0.811 

        3                      Cylinder                             4.8                                            0.625 

        4                      Platelet                               5.7                                            0.526 

        5                      Lamina                              16.2                                           0.185 
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We now introduce the following non-dimensional quantities  

We have the dimensionless forms of the governing equations as 

 

   
0 0

r u r v u v u
or

x y x y x

    
     

    
 (15) 

  
2

2

1 1
1

u u u u
u v T C Hau u

t x y y Da




    
        

    
 (16) 

 

  

2

2

1 3 4

3

T T T R T
u v

t x y Pr R y

     
    

    
 (17)

 

  

2

2

1C C C C
u v

t x y Sc y

   
  

   
 (18) 

 

  

The appropriate initial and boundary conditions are given as 

 
0, 0, 0, 0 0 0 1, 0u v T T C at x y           (19) 

  

0, 0, 0, 0 0 0, 0u v T C at x y         (20) 

  

0, 0, 0, 0 0, 1, 0u v T C at x y         (21)                                                                                

  

0, 0, 0, 1 1, 0, 0u v T C at x y         (22) 

  

0, 0, , 0 0, 0,u v V T C at x y         (23) 

 
3 Finite Difference Analysis of the Fluid Flow, Heat and Mass Transfer Problems 

 

Indisputably, the finite difference method is one of the efficient methods of obtaining numerical 

solutions to differential equations.  The difference scheme could be applied using explicit or 

implicit schemes. However, the applications of the finite difference scheme to the practical 

situations depict that the stability and convergence conditions for explicit finite-difference 

methods become extremely complicated coupled with high computational cost. In order to 

avoid obviate the inherent problems in the explicit schemes, implicit schemes are 

recommended.  Such schemes permit large time-steps to be used with unconditional stability. 

Also, the use and the accuracy of finite difference method for the analysis of nonlinear problems 

has earlier been pointed out by Han et al. [43]. Therefore, in this work, implicit finite difference 

method of Crank-Nicolson type is used to discretize the systems of coupled non-linear ordinary 

differential equations combined with the initial and boundary conditions in governing equations 

(15), (16), (17) and (18) as well as Eq. (19)-(23), respectively. The finite difference forms for 

the systems of coupled non-linear ordinary differential equations, the initial and boundary 

conditions are given as 
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The appropriate initial and boundary conditions in finite difference forms are given as 

 
0 0 0 0

, , , ,0, 0, 0 0i j i j i j i ju v T C     (28) 

  

0, 0, 0, 0,0, 0, 0 0n n n n

j j j ju v T C     (29) 

  

1, 1, 1, 1,0, 0, 0 0n n n n

j j j ju v T C     (30) 

  

,0 ,0 ,0 ,00, 0, 1 1n n n n

i i i iu v T C     (31) 

  

, , , ,0, , 0 0n n n n

i L i L i L i Lu v V T C     (32) 

Where 
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The implicit finite difference scheme is used for the Cartesian coordinate. The rectangular 

region of the integration (Fig. 2) considered varies from 0 to 1 and y varying from 0 to 15. It is 

taken in this study that ymax lies well outside the momentums, energy and concentration boundary 

layers.  It should be pointed out that after some preliminary investigations, the maximum of y 

was chosen as 15. This value is arrived at in order to make the boundary conditions in Equs. 

(19) and (20) to be satisfied within the tolerance limit of 10-5.  

For the rectangular region considered, the x- and y-directions are divided into M and L grid 

spacings, respectively as shown in Fig. (2). In order to reduce the computational time, variable 

mesh sizes are used in the x- and y-directions as follows 
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Figure 2 The finite difference space grid for a non-uniform grid system 
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It should be stated that the subscripts i designates the grid points with x-direction while j 

designates the grid points y-direction as shown in Fig. (2). The superscript n represents a value 

of time in t-direction. The velocity, temperature and concentration distributions at all interior 

nodal points are computed by successive applications of the above finite difference equations 

in Eqs. (24), (25), (26) and (27) along with the initial and boundary conditions in Eqs. (28) – 

(32). The process of the computations is explained below. 

From the initial conditions in Eqs. (28) – (32), the initial values (at t = 0) of u, v, T and C are 

known at all grid points. For the subsequent computations, it should be stated that during any 

one-time step, the coefficients , ,andn n

i j i ju v  appearing in the finite difference equations are 

treated as constants. Using the known values at previous time level (n), the computations of u, 

v, T, and C at time level (n + 1) are calculated as follows: 

At every internal nodal point on a particular i – level, the finite difference equation in Eq. (27) 

constitutes a tri-diagonal system of equations which is solved by Thomas algorithm as 

explained by Carnahan et al. [44]. Therefore, the values of C are determined at every nodal 

point on a particular i-level at (n+ 1)th time level. In the same way, the values of T are computed 

using the finite difference Eq. (26). Substituting the values of C and T at (n +1)th time level in 

the finite difference Eq. (25), the values of u at (n+ 1)th time level are found. Having determined 

the values of C, T and u on a particular i – level, with the aid of the finite difference Eq. (24) at 

every nodal point on a particular i – level at (n +1)th time level, the values of v are calculated 

explicitly. This process is repeated for various i – levels. Thus, the values of C, T, u and v are 

known at all grid points in the rectangular region at (n+ 1)th time level. The computations are 

carried out till the steady state is reached. In this present study, it is assumed that the steady 

state solution is reached, when the absolute difference between the values of u, T and C at two 

consecutive time steps are less than 10-5 at all grid points. 

 
4    Flow, heat and mass transfer parameters of engineering interests 

 

In addition to the determination of the velocity, temperature and concentration distributions, it 

is often desirable to compute other physically important quantities (such as shear stress, drag, 

heat transfer and mass transfer rates) associated with the free convection flow, heat transfer and 

mass transfer problems. Consequently, flow, heat and mass transfer parameters are computed 

[30, 44,45]. 

 
4.1   Fluid flow parameter 

 
The local skin-friction are derived as  
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4.2   Heat transfer parameter 

 
The local Nusselt number are given as 
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4.3   Mass transfer parameter 

 
The Sherwood are developed as  
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The derivatives in Eq. involved in the Eqs. (36), (37) and (38) are evaluated using five-point 

approximation formula while the integrals are evaluated using Newton–Cotes closed 

integration formula. 

 
5    Results and Discussion 

 

The results of the simulations are presented in this section and the effects of the various model 

parameters are presented. 

 

5.1   Grid Independence Test and Code Verification 

 

The grid independence or convergence test was carried out using 20, 40, 60, 80, 100, 120, 140, 

160 and 180 numbers of points. It was found that after 180 points, there is no appreciable change 

in the results and the results converged or become independent of the number of grid points.  It 

is observed that in the same domain the accuracy is not affected even if the numbers of points 

are increased. The grid independency test shows that 180 grid points are adequate to describe 

the flow processes. Also, the results obtained for lesser number of points are of sufficient 

accuracy. Therefore, 180 points provided a very good accuracy for the velocity, temperature, 

and concentration gradient values as they accurately describe the flow and heat transfer 

processes. 

Using the results available in literature, the solution procedure, in the form of an in-house 

computational fluid dynamics code, have been verified successfully as shown in Table (2). 

Therefore, this method has been proven to be adequate and give accurate results for boundary 

layer problems as presented in this work. 

For the subsequent simulations in sections (5.2) to (5.9), the variations in the parameters are 

given as R = 0.2 – 0.4, Pr = 10 – 500, Sc = 0.30 – 0.50, Da = 20 -200, Gr = 1.00 – 4.00, Ha = 0 

– 0.6, N = 0.0 – 3.0, γ = 0.2 – 0.8 and τ = 0.20 - 1.80. 

 

5.2   Effects of Casson parameter on the fluid velocity, temperature and concentration 

distributions  

 

The effects of Casson parameter on the flow velocity, temperature and concentrations profiles 

 
Table 2 8 Comparison of results at x=1, R=0, Ha=0, 0  , Da=100 
 

Heat 

transfer 

parameter 

Flow and Heat transfer 

Parameters of  interest 
Hering [30]      Thandapani et al. [44]     Balla and Naikoti [45]     Present study 

 

Pr =0.1 

 

Skin friction 

Nusselt number 

1.0960               1.10189                     1.096308                    1.09632 

0.2113               0.22509                     0.226207                    0.226208 

Pr=0.7 
Skin friction 

Nusselt number 

0.8195               0.82566                     0.81945                      0.81945 

0.4511            0.44771                      0.451898                    0.45191 
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of the nanofluid are shown in Fig. (3a), (3b) and (3c), respectively. The figures depict that the 

flow velocity of the nanofluid near the plate decreases as the Casson parameter increases as 

illustrated in Fig. (3a). The trend in the figure could explained that, physically, increasing values 

of Casson parameter develop the viscous forces which in consequent retards the flow of the and 

thereby reduced the flow velocity. It could be established from the results that the temperature 

as well as the concentration of the fluid increase as the Casson fluid parameter increase as 

shown in Fig. (3b) and (3c).  

 
5.3 Effects of radiation parameter on the fluid velocity, temperature and concentration 

distributions  

 

Fig. (4a. 4b) and (4c) show that the viscous, thermal and concentration boundary layers increase 

with the increase of radiation parameter, R.  It is shown that increase in radiation parameter 

causes the velocity of the fluid to increase. This is because as the radiation parameter is 

increased, the absorption of radiated heat from the heated plate releases more heat energy 

released to the fluid and the resulting temperature increases the buoyancy forces in the boundary 

layer which also increases the fluid motion and the momentum boundary layer thickness 

accelerates. This is expected, because the considered radiation effect within the boundary layer 

increases the motion of the fluid which increases the surface frictions.  
 
 

 
Figure 3a. Effects of Casson parameter on the velocity profile                     Figure 3b. Effects of Casson parameter on temperature profile 

of the Casson nanofluid                                                                                        of the Casson nanofluid 

 

 
Figure 3c. Effects of Casson parameter on concentration profile 
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Figure 4a. Effects of radiation parameter on the velocity profile                  Figure 4b. Effects of radiation parameter on temperature profile 

of the Casson nanofluid                                                                                    of the Casson nanofluid 
 

 

 
Figure 4c. Effects of radiation parameter on concentration profile 

of the Casson nanofluid 

 
5.4 Effects of nanoparticle shape on the fluid velocity, temperature and concentration 

distributions  

 

The use of nanoparticles in the fluids exhibited better properties relating to the heat transfer of 

fluid than heat transfer enhancement through the use of suspended millimeter- or micrometer-

sized particles which potentially cause some severe problems, such as abrasion, clogging, high 

pressure drop, and sedimentation of particles. The very low concentrations applications and 

nanometer sizes properties of nanoparticles in basefluid prevent the sedimentation in the flow 

that may clog the channel. It should be added that the theoretical prediction of enhanced thermal 

conductivity of the basefluid and prevention of clogging, abrasion, high pressure drop and 

sedimentation through the addition of nanoparticles in basefluid have been supported with 

experimental evidences in literature.   

Fig. (5a), (5b) and (5c) show the influence of the shape of nanoparticle on the flow velocity, 

temperature and concentrations profiles of the nanofluid.  It is observed that lamina shaped 

nanoparticle carries maximum velocity whereas spherical shaped nanoparticle has better 

enhancement on heat transfer than other nanoparticle shapes. In fact, it is in accordance with 

the physical expectation since it is well known that the lamina nanoparticle has greater shape 

factor than other nanoparticles of different shapes, therefore, the lamina nanoparticle 

comparatively gains maximum temperature than others. The velocity decrease is maximum in 

spherical nanoparticles when compared with other shapes. The enhancement observed at lower 

volume fractions for non-spherical particles is attributed to the percolation chain  
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  Figure 5a. Effect of nanoparticle shape on velocity distribution             Figure 5b. Effects of nanoparticle shape on temperature distribution 

of the nanofluid                                                                                      of nanofluid 
 

 
Figure 5c. Effects of nanoparticle shape on concentration distribution 

 
formation, which perturbs the boundary layer and thereby increases the local Nusselt number 

values. The results show that the maximum decrease in velocity and maximum increase in 

temperature are caused by lamina, platelets, cylinder and sphere, respectively. It is also 

observed that irreversibility process can be reduced by using nanoparticles, especially the 

spherical particles. This can potentially result in higher enhancement in the thermal 

conductivity of a nanofluid containing elongated particles compared to the one containing 

spherical nanoparticle, as exhibited by the experimental data in the literature. It is therefore 

required that that proper choice of nanoparticles should made as this will be helpful in 

controlling fluid flow, heat and mass transfer processes. 

 
 

5.5 Effect of Prandtl number on the fluid velocity, temperature and concentration 

distributions  

 

The figures also show the effects of Prandtl number (Pr) on the velocity and temperature 

profiles are shown in Fig. (6a), (6b) and 6c, respectively. It is indicated that the velocity of the 

Casson nanofluid decreases as the Pr increases but the temperature of the nanofluid increases 

as the Pr increases. This is because the nanofluid with higher Prandtl number has a relatively 

low thermal conductivity, which reduces conduction, and thereby reduces the thermal 

boundary-layer thickness, and as a consequence, increases the heat transfer rate at the surface. 

For the case of the fluid velocity that decreases with the increase of Pr, the reason is that fluid 

of the higher Prandtl number means more viscous fluid, which increases the boundary-layer 

thickness and thus, reduces the shear stress and consequently, retards the flow of the nanofluid. 
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 Figure 6a. Effects of Prandtl number on the velocity profile       Figure 6b. Effects of Prandtl number on temperature profile 

 

Also, it can be seen that the velocity distribution for small value of Prandtl number consist of 

two distinct regions. A thin region near the wall of the plate where there are large velocity 

gradients due to viscous effects and a region where the velocity gradients are small compared 

with those near the wall. In the later region, the viscous effects are negligible and the flow of 

fluid in the region can be considered to be inviscid. Also, such region tends to create uniform 

accelerated flow at the surface of the plate. 

 

5.6 Effect of Schmidt and Grashof numbers on fluid velocity and temperature distributions 
  
Fig. (7a) and (7b) shows the effects of Schmidt number (Sc) on the velocity and concentration 

profiles of the Casson nanofluid, respectively. Fig. (8) shows that the as Grashof number 

increases, the velocity of the fluid increases. However, as in the case of the effect of Prandtl 

number on the velocity and temperature distribution, it is depicted in the figures that the velocity 

of the nanofluid decreases as the Sc increases but the temperature of the nanofluid increases as 

the Sc increases. This is because the nanofluid with higher Schmidt number has a relatively low 

diffusion coefficient, which reduces mass diffusion thereby reduces the concentration 

boundary-layer thickness, and as a consequence, increases the mass transfer rate at the surface. 

In Fig. (7a), where the fluid velocity decreases with the increase of Sc, this is because the fluid 

of the higher Schmidt number means more viscous fluid, which increases the boundary-layer 

thickness and thus, reduces the shear stress and consequently, retards the flow of the nanofluid. 

It is also observed that the species concentration decreases with increasing Schmidt number as 

shown in Fig. (7b). It was also found that the temperature increases with increasing Schmidt 

number.  A further investigation revealed that an increase in the Schmidt number leads to a 

decrease in Grashof number Gr. 

 
  Figure 7a. Effects of Schmidt number on the velocity distribution    Figure 7b. Effects of Schmidt number on the concentration distribution 
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Figure 8. Effects of Grashof number on the velocity distribution 
 

 

5.7 Effects of Magnetic field and Flow Medium Porosity on Casson nanofluid velocity 

distributions 

 

Figs. (9) shows the effect of magnetic field on the flow velocity of the fluid. It is revealed that 

there is a diminution in the velocity field occurs for increasing value of the magnetic field 

number, Hartmann number (Ha). This confirms the general physical behavior of the magnetic 

field that say that the fluid velocity depreciates for improved values of Ha. The magnetic field 

produces Lorentz force which is drag-like force that produces more resistance to the flow and 

reduces the fluid velocity. So large Ha values implies that the Lorentz force increases and the 

resistance to the flow increases, and consequently, the velocity of the fluid decreases.  

Practically, the Lorentz force has a resistive nature which opposes motion of the fluid and as a 

result heat is produced which increases thermal boundary layer thickness and fluid temperature. 

The magnetic field tends to make the boundary layer thinner, thereby increasing the wall 

friction. Consequently, the boundary layer thickness is a decreasing function of Ha. i.e. presence 

of magnetic field slows fluid motion at boundary layer and hence retards the velocity field.  

A porous medium studies is very important in a number of engineering applications such 
as geophysics, die filling, metal processing, agricultural and industrial water distribution, 
oil recovery techniques, and injection molding. Therefore, Figs. (10) shows the effect of 

flow medium porosity on the fluid velocity. As it is illustrated, the fluid velocity increases as 

the flow medium porosity, Darcy number increases. This is because, as the Darcy number 

increases, there is less resistance to fluid flow through the flow medium.   
Also, it was found that the variations of the flow velocity and the temperature gradient of the 

fluid are inversely proportional to half of the cone angle, γ increases. It should be noted that as 

the angle increases, the applied magnetic field decreases. Additional, the skin friction factor in 

terms of shear stress and heat transfer rate in terms of Nusselt number are decreased.  
  
 

 
Figure 9. Effects of Hartmann number on the velocity distribution       Figure 10 Effects of Darcy number on the concentration distribution 
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Figure 11a. Effects of buoyancy ratio on the velocity distribution         

 

  
Figure 11b. Effects of buoyancy ratio on the temperature distribution          Figure 11c. Effects of buoyancy ratio on the concentration              

                                                                                                                    distribution   

 
5.8 Effect of Buoyancy ratio parameter on the fluid velocity, temperature and concentration 

distributions 

 

Fig (11a), (11b) and (11c) show the impacts of buoyancy ratio parameter (N = ) on the velocity, 

temperature and concentration profiles. Fig. (11a) depicts that the as buoyancy ratio parameter 

increases, the velocity of the fluid increases. However, an increase in buoyancy ratio parameter 

leads to a decrease in the fluid temperature and concentration as shown in Figs. (11b) and (11c). 
 
 

 

5.9 Effect of flow time on the fluid velocity, temperature and concentration distributions 

 

In order to shown the effects of flow time on the velocity, temperature and concentration 

distributions, Figs. 11a-c are presented Apart from the fact that the velocity, temperature and 

concentration distributions increase as the flow time increases, the results also shown the effects 

of the controlling parameters on the time to reach steady state velocity, temperature and 

concentration. In our further investigations, the required time to reach the steady state 

concentration, the transient velocity, Nusselt number and the local skin-friction decrease as the 

buoyancy ratio parameter and Schmidt number increase. Also, the steady-state temperature and 

velocity decrease as the buoyancy ratio parameter and Schmidt number increase.  
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Figure 12a. Effects of flow time on the velocity distribution     

     

 
Figure 12b. Effects of flow on the temperature distribution        Figure 12c. Effects of flow time on the concentration distribution 

 

 
Figure 13 Effects of Schmidt number on local skin friction        Figure 14 Effects of Schmidt number on Nusselt number  

 

 

The effects of Schmidt number on local skin friction, Nusselt and Sherwood numbers are shown 

in Fig. (13), (14) and (15), respectively. The figures reveal that the local skin friction, Nusselt 

and Sherwood numbers decrease as the Schmidt number increases. An opposite trend was 

recorded when the impact of the buoyancy ratio parameter on Nusselt number was investigated. 

In the investigation, it was found that as the local Nusselt number increases as the buoyancy 

ratio parameter increases. It was shown that at small values of x (near the leading edge of the 

plate), the local Nusselt number is not affected by both buoyancy ratio parameter and Schmidt 

number due to the pure diffusion and conduction at the location.  
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Figure 15 Effects of Schmidt number on Sherwood number  
 

 

6   Conclusion 

 

In this present study, the transient free convection heat and mass transfer of Casson nanofluid 

past an isothermal vertical conical plate embedded in a porous media under the influences of 

thermal radiation and magnetic field have been investigated. The governing systems of 

nonlinear partial differential equations of the flow, heat and mass transfer processes are solved 

using implicit finite difference scheme of Crank-Nicolson type. The numerical solutions are 

used to carry out parametric studies and the follow results were established: 

 

i. The temperature and the concentration of the fluid increase as the Casson fluid and 

radiation parameters as well as Prandtl and Schmidt numbers increase.  

 

ii. The increase in the Grashof number, radiation, buoyancy ratio and flow medium 

porosity parameters causes the velocity of the fluid to increase. However, the Casson 

fluid parameter, buoyancy ratio parameter, the Hartmann (magnetic field parameter), 

Schmidt and Prandtl numbers decrease as the velocity of the flow increases.  

 

iii. The time to reach the steady state concentration, the transient velocity, Nusselt number 

and the local skin-friction decrease as the buoyancy ratio parameter and Schmidt 

number increase. 

 

iv. The steady-state temperature and velocity decrease as the buoyancy ratio parameter and 

Schmidt number increase.  

 

v. The local skin friction, Nusselt and Sherwood numbers decrease as the Schmidt number 

increases. However, the local Nusselt number increases as the buoyancy ratio parameter 

increases. 

vi. Following the results in this work, it is believed that the present study will greatly assist 

in various areas of industrial and engineering applications of the flow problems. 
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Nomenclature 

 

Bo    electromagnetic induction 

cp     specific heat capacity 

C      species concentration  

D      species diffusion coefficient 
g       acceleration due to gravity 
Gr     Grashof number 

Ha    Hartmann number/magnetic field parameter 

k       thermal conductivity  

K      the absorption coefficient  

m      shape factor 

N      buoyancy ratio parameter 

p      pressure 

Pr      Prandtl number 

Pr     Prandtl number 

p      pressure 

R       Radiation number 

Sc     Schmidt number  

t        time 

T     temperature of the fluid  

u       velocity component in x-direction 

v       velocity component in y-direction 

wU     fluid inflow velocity at the wall 

x       coordinate axis parallel to the plate 

y       coordinate axis perpendicular to the plate 

Symbols 
 

β       volumetric extension coefficients 

nf     density of the nanofluid 

f     density of the base fluid 

nf     dynamic viscosity of the nanofluid 

s      density of the solid/nanoparticles 
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        fraction of nanoparticles in the nanofluid 

γ        Casson parameter 

τ         shear stress  

τo       Casson yield stress  

μ      dynamic viscosity 

    shear rate 

 

Subscript 
 

f     fluid 

s     solid 

nf   nanofluid 

w   wall 




