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Abstract 

This research is aimed at a mathematical model for studying non-linear partial differential 

equations on velocity and temperature with convective boundary conditions. The Homotopy 

Analysis method is used to solve the governing nonlinear partial differential equation. To study 

the behaviours of the different parameters in a graph for velocity and temperature are plotted. 

The effects of skin friction and the local Nusselt number on various factors are examined and 

shown in tabular form.  

1. Introduction 

There are flows that are stimulated not only by differences in 

temperature but also by differences in concentration in various industrial and 

real-life problems. The rate of heat transmission is affected by these mass 

transfer differences. Heat and mass transfer occur in a wide variety of 

transport processes in industries. Heat and mass transfer is a common 
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occurrence in many chemical processing industries, such as food processing 

and polymer processing. Many industrial applications, such as fibre and 

granular insulation, geothermal systems, and so on, are interested in free 

convection flows [1].  

The effects of heat radiation on several fluid flow models were examined 

by Ibrahim et al. [2] and Aliakbar et al. [3]. Convective heat transfer in M. 

nanofluid flow is crucial in a variety of engineering applications. Das [4] 

investigated Cu-water nanofluid’s flow and heat transport towards a 

shrinking sheet in a mixed convection stagnation point. In boundary layer 

flow, Chaudhary and Merkin [5] looked at homogeneous-heterogeneous 

reactions. Khan and Pop [6] investigated flow effects on an infinite permeable 

wall with homogeneous-heterogeneous responses around the two-dimensional 

stagnation point flow. Mahanta [7] looked into the continuous MHD boundary 

layer flow of electrically conducting Casson fluid past a shrinking sheet that 

was exponentially shrinking.  

The effects of slip-on unstable mixed convective flow and heat transfer 

past a stretching surface were discussed by Mukhopadhyay [8]. Lin and Wu 

[9] investigated simultaneous heat and mass transfer in a vertical plate of 

laminar free convection boundary-layer flow. The analytical solutions for the 

boundary layer stagnation point flow and heat transfer towards the shrinking 

sheet were examined by Bhattacharya et al. [10]. Pavlov [11] investigated the 

magneto hydrodynamic flow of a viscous incompressible fluid due by surface 

deformation. The three-dimensional flow caused by a stretching flat surface 

was studied by Wang [12]. Mehmood and Ali [13] investigated cross-mass 

transfer phenomena in a lower stretched wall channel. The mass transfer 

processes in a channel flow across a stretching surface were investigated by 

Mehmood et al. [14].  

The homotopy analysis method (HAM) is employed in this research to 

establish an analytical expression for the concentration velocity and 

temperature profile. Furthermore, the Skin Friction analytical solution and 

the local Nusselt number are explored. The auxiliary parameter in the HAM 

converges the analytical solution produced. It demonstrates how each of the 

parameters behaves.  
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2. Mathematical Formulation 

Consider the incompressible flow across a stretching sheet in three 

dimensions (3D). The sheet is stretched in the xy -plane, while fluid is 

inserted in the x-axis.  

 

Figure 1. Physical model and coordinate systems [7]. 

The dimensionless variables for the concentrations in the equations 

connecting the nonlinear differential equations to the dynamic conditions [7] 

are introduced as follows:  
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where 2M  is the magnetic parameter, rP  is the Prandtl number, i s the 

porosity parameter, R is the radiation parameter, Biot number  iB  and 

stretching parameter (c).  

The following boundary conditions are  

            010,0,10,00,00:0  iBcGFGF   (4)  

      0,0,0:  GF   (5) 

3. Analytical Solutions for the Velocities and Temperature Using 

Homotopy Analysis Method 

The homotopy analysis approach is a semi-analytical tool for solving 
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nonlinear problems. Liao [15] was the first to propose this technique. This 

method is independent of small/large physical parameters, unlike other 

analytical techniques. The Homotopy Analysis Method is a simple method for 

ensuring solution series convergence in a small number of iterations. The 

approximate analytical expressions obtained by solving the nonlinear 

equations (2)-(6) using the Homotopy Analysis Method are as follows:  
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The dimensionless local Nusselt number and skin friction are as follows 

for analytical expressions [7]:  



MATHEMATICAL MODEL OF THE VELOCITY … 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022 

2007 

 0
1

1Re 21 FCfxx 









  (9) 

 0
1

1Re 21 FCfyx 









  (10) 

where 
22

,

w

wx
fy

w

wx
fx

u
C

u
C









   

fC  is the skin friction, fxC  and fyC  are skin friction along the x-and y-

directions wx  and wy  are defined.  

 0Re 21  Nux   (11) 

where   vxxuxx Re  is defined.  

4. Result and Discussion 

The analytical expression of velocities and temperature is represented by 

equations (1)-(5). The velocity and temperature profile for various values of 

physical parameters RPBM ri ,,,,,   and C have been studied in this 

paper. The obtained analytical results in Figures 2 to 10 for various values of 

parameters. It agrees well with the earlier result as well as the numerical 

result [7].  

The fluid velocity is depicted in Figures 2 to 4 for various parameter 

values.  

As the casson parameter improves, the influence of the velocity  F  

decreases, as seen in Figure 2. In Figure 3, it can be seen that as the 

parameter is increased, the velocity decreases. The impacts of parameters M 

and C on the velocity profiles have been displayed in Figure 4. The fluid 

velocity decreases as M and C increase, as seen in the graph.  

Examine the velocity profile in Figures 5 and 6 for various values of 

parameters  and . It is observed that as the parameters and is reduced, the 

improves the velocity profile  .G  The influence of M and C on the velocity 

profiles is shown in Figure 7. It is noticed that as the fluid’s velocity  G  

decreases, M increases. It’s evident that when the velocity profile increases 

and also parameter C increases.  
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It is shown in Figure 8 to study the effects of    on temperature. It is 

obvious that when temperature rises, the parameter rP  decreases. The 

temperature profile    is influence of the various values of parameters iB  

is shown in Figure 9. This is due to the fact that when the parameter iB  

increases, so does the    temperature. It is obvious from Figure 10 that as 

the parameter R increases, the temperature profile    similarly increases.  

 

Figure 2. Analytical expression of dimensionless concentration in 

velocity  F  versus  at various values of  for fixed values of parameters 

.1.0,5.0,5.0,2  hCM  

 

Figure 3. Analytical expression of dimensionless concentration in 

velocity  F  versus  at various values of  for fixed values of parameters 

.1.0,5.0,5.0,2  hCM  
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Figure 4. Analytical expression of dimensionless concentration in 

velocity  F  versus  at various values of M for fixed values of parameters 

.1.0,5.0,5.0,5.0  hC  

 

Figure 5. Analytical expression of dimensionless concentration in 

velocity  G  versus  at various values of  for fixed values of parameters 

.1.0,5.0,5.0,2  hCM  
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Figure 6. Analytical expression of dimensionless concentration in 

velocity  G  versus  at various values of  for fixed values of parameters 

.1.0,5.0,5.0,2  hCM  

 

Figure 7. Analytical expression of dimensionless concentration in 

velocity  G  versus at  various values of M for fixed values of parameters 

.1.0,5.0,5.0,5.0  hC  

 

Figure 8. Analytical expression of dimensionless concentration in 

temperature    versus  at various values of rP  for fixed values of 

parameters .1.0,5.0,20,3.0,5.0,5.0,2  hBRCM i  
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Figure 9. Analytical expression of dimensionless concentration in 

temperature    versus  at various values of rP  for fixed values of 

parameters .1.0,5,5.0,3.0,5.0,5.0,2  hPRCM r  

 

Figure 10. Analytical expression of dimensionless concentration in 

temperature    versus  at various values of R for fixed values of 

parameters .1.0,5,5.0,20,5.0,5.0,2  hPBCM ri  

5. Conclusion 

This paper describes a mathematical model of concentration in a velocity 

and temperature profile that has been used to investigate many features of 

the Casson fluid. We also examined the effect of a wide range of physical 

parameters on model prediction. The nonlinear partial differential equations 

system is solved using the Homotopy Analysis Method. Furthermore, for 
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velocities, and temperature, effects for various values of emerging parameters 

are examined. Both the temperature distribution and the volume fraction are 

reversed when the Prandtl number and the Lewis number are used.  
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