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Abstract - This study presents a truthful mathematical evaluation of axisymmetric flow and heat transfer of an electrically 

conducting fluid over a radially extending surface. The flow trends occur due to stretching of surface all along radial path 

with an exponential velocity. The governing highly nonlinear partial differential equations are transmuted into ordinary 

differential equations by mentioning new similarity transformations. Mathematical analysis for flow performing is achieved 

using Shooting technique. The velocity, thermal and solutal profiles are shown for a variety of values of dimensionless 

natural parameters and reviewed in fact. Further Than skin friction coefficient, Nusselt number and Sherwood number are 

charted and investigated for several values of important parameters. 

Keywords - Axisymmetric flow, Heat & Mass Transfer, Mhd, Chemical reaction, Viscous dissipation, Shooting method. 

1. Introduction 
Over the last few years, the boundary-layer flow and heat transfer of viscous fluid overextending surface has been more 

intensive researched due to its useful engineering purposes. Such flows are much interesting in cooling of melt down sheets 

or electrical chips, the aerodynamics of extrusion of plastic sheet, the boundary layer alongside a liquid film in upgrading 

methods and a few more. In the industry for production of glass fibre, getting plastic sheet, cooling, and dry up of papers, 

evaporating of polymers etc. Those procedures really vary on the mass transfer at the extending surface. Fairbanks and Wike 

[1] studied chemical reaction effect in an isothermal laminar flow over a flat plate. Andersson et al. [2] are reviewed diffusion 

of a chemical reactive species from a stretching sheet. Ahmed et al. [3] have researched axisymmetric flow and heat transfer 

in a power law fluid. A. Shahzad et al. [4] have debated on heat transfer analysis of viscous fluid over nonlinear radially 

stretching sheet. Bhattacharyya et al. [5] have conferred reactive solute transfer over a stretching sheet with suction/ blowing. 

Najib et al. [6] talk about stagnation point flow and mass transfer with chemical reaction past a stretching/shrinking cylinder. 

Further, Abbas et al. [7] investigated the effect of chemical reaction in stagnation-point flow of a third-grade fluid employing 

a hybrid numerical method. Tripathy et al. [8] have examined a two-dimensional steady flow over a moving vertical plate 

through porous media. M. Khan and Azeem shahed [9] studied on On axisymmetric flow of Sisko fluid over a radially 

stretching sheet. The stagnation point of casson nano fluid flow over a radially stretching sheet was studied by G Narender 

et.al.[10]similarly the Meraj Mutafa et.al. [11]found numerical solutions for asymmetrical flow over radially stretching sheet 

by considering nano fluid.  

The flow of micropolar fluid was first initiated by Eringin [12] Ferrofluid, liquid crystals, blood, suspensions etc. are 

examples of micropolar fluid. The stagnation point micropolar fluid flow was determined by Guram and smith [13]The 

micropolar fluid flow over axisymmetric sheets with heat source was investigated by Gorla and Takha [14]. Mishra et al. [15] 

analyzed the flow of heat and mass transfer on MHD micropolar fluid in presence of heat source. Dash et al. [16] explored a 

numerical approach to boundary layer flow over a stretching/shrinking sheet. B. Nayak et al. [17] reviewed Chemical 

reaction effect of an axisymmetric flow over radially stretched sheet. Bala Siddulu Malga et al. [18] studied, Finite Element 

Analysis of Fully Developed Free Convection Flow Heat and Mass Transfer of a MHD / Micropolar Fluid over a Vertical 

Channel. Bala Siddulu Malga et.al [19] considered Finite element study of Soret number effects on MHD flow of Jeffrey 

fluid through a vertical permeable moving plate. Partial Differential. P. Pramodet.al [20] researched Heat transfer effects on 

free convection of viscous dissipative fluid flow over an inclined plate with thermal radiation in the presence of induced 

magnetic field. Recently, Azeem Shahzad et al. [21] investigated Axisymmetric flow with heat transfer over exponentially 

stretching sheet: A computational approach. Encouraged by the above studies and prospective applications, it is of 
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significance in the present work is to study heat transfer and mass transfer study of an axisymmetric flow of a viscous fluid 

over a nonlinear radially extending sheet. The renovated ordinary differential equations explained mathematically by using 

Runge-Kutta forth order method complemented with shooting method. Lastly, present result is equated with that of prior 

available work Azeem Shahzad [21] and evaluated in a specific case which is in good accord. 

2. Mathematical Formulation 
Let us take into account a steady two-dimensional axisymmetric MHD flow of an electrically conducting, viscous fluid 

in the existence of viscous dispassion and chemical reaction over a extending surface coinciding the plate z=0. The flow of 

conducting fluid is due to the stretching of the sheet along the path with𝑈(𝑟) = 𝑐0𝑟, , where 𝑐0 is a dimensional constant. 

It is accepted that the surface concentration of the sheet is 𝐶𝑤 with a fluid concentration𝐶∞. The sheet is kept at constant 

temperature𝑇𝑤, while 𝑇∞conveys the ambient fluid temperature. The flow geometry is shown in Figure 1.  

In viewpoint of the above statements, the governing steady two-dimensional boundary layer calculations for momentum 

and heat transmission of a viscous electrically performing fluid following Azeem Shahzad [21] are: 
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+
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wherever u and w be the velocity elements along the axial and transverse direction, correspondingly. υ is the kinematic 

viscosity, ρ is the fluid density, T the temperature of fluid,𝛼 =
𝑘

𝜌𝑐𝑝
 is the thermal diffusivity of fluid, 𝑐𝑝reveals the specific 

heat.C is the concentration of the fluid, D is the diffusion coefficient, 𝐶∞ is the ambient concentration and 𝐵(𝑟) = 𝐵𝑜𝑟 is 

the varying magnetic field, σ the electrical conductivity. The consequent boundary is for the velocity elements and the 

concentration are: 

𝑢 = 𝑈(𝑟) = 𝐶0𝑟, 𝑤 = 0, 𝐶 = 𝐶𝑤 = 𝐶∞ + 𝐶0𝑟𝑛  𝑎𝑡 𝑧 = 0, 𝑇 = 𝑇𝑤 , 

𝑢 → 0, 𝐶 → 𝐶∞ 𝑇 → 𝑇∞ 𝑎𝑠 𝑧 → ∞       (5) 

To nondimensionalize the equations (2)– (4), we introduced the following new similarity transformations:  

𝑢 = 𝑈(𝑟)𝑓′(𝜂), 𝑤 = −√𝐶0𝜐 𝑓(𝜂), 𝜃(𝜂) = (
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where 𝐶𝑤 is the varying surface concentration, 𝐶0 is a constant, n is power-law exponent indicates the change of quantity 

of solute in 𝑟 −direction.  

We consider the steady axisymmetric MHD flow of an electrically conducting incompressible viscous flow engaged over 

a extending sheet. The geometry of the problem is demonstrated in Figure 1. The flow of conductive fluids is affected by the 

sheet stretching in the U(r) = 𝐶0𝑟 direction, where 𝐶0 is a dimensional constant and the surface is stretching along z-

direction. 

Moreover, it is assumed that 𝑇𝑤, and𝐶𝑤conveys the extending sheet temperature, solute concentration, respectively. At 

the infinity, the T∞, C∞ and are the ambient temperature, ambientsolute concentration, respectively. In the current 

study,𝐵(r) = 𝐵0𝑟recaps the strength of magnetic field, where 𝐵0 is a uniform magnetic field strength.The magnetic field 
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acts along normal to the sheet in the positive Z-direction. When the magneticfield is differing in the radial direction, it also 

differs in the vertical direction, since the divergence should be zero. Under the boundary layer approximation, the equations 

of mass conservation, linear momentum conservation, energy conservation can be obtained. Staying in view Eq. (6), Eq. (1) 

is the same satisfied while the momentum Eq. (2) temperature Eq. (3) and concentration Eq. (4) along with boundary 

conditions in Eqs. (5) reduces to the following 

𝑓′′′(𝜂) + 𝑓(𝜂)𝑓′′(𝜂) − (𝑓′(𝜂))
2

− 𝑀𝑓′(𝜂) = 0      (7) 

𝜃′′(𝜂) + 𝑃𝑟𝑓(𝜂)𝜃′(𝜂) + 𝑃𝑟𝐸𝑐(𝑓′′(𝜂))
2

= 0       (8) 

𝜙′′(𝜂) − 𝑛𝑆𝑐𝜙(𝜂)𝑓′(𝜂) + 𝑆𝑐𝑓(𝜂)𝜙′(𝜂) − 𝛾𝑆𝑐𝜙(𝜂) = 0     (9) 
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the magnetic parameter𝐸𝑐 =
𝑈2

(𝑇𝑤−𝑇∞)𝑐𝑝
is the Eckert number. 

The required physical boundary conditions of the above governing Equations are as follows  

𝑓(𝜂) = 0, 𝑓′(𝜂) = 1, 𝜃(𝜂) = 1, 𝜑(𝜂) = 1 𝑎𝑠 𝜂 = 0 

𝑓(𝜂) → 0, 𝜃(𝜂) → 0, 𝜙(𝜂) → 0 𝑎𝑠 𝜂 → ∞                  (10) 

3. Method of solution 
Solution to the problem of the system of Eqs. (7)– (9) all together with boundary conditions (10) is calculated by using an 

effective numerical technique known as shooting method. Here we transform the nonlinear equations into system of seven 

first order ordinary differential equations by considering the variables i.e. 

𝑓 =  𝑦1, 𝑓′ =  𝑦2, 𝑓′′ = 𝑦3, 𝑓′′′ = 𝑦2
2  +  𝑀𝑦2 − 𝑦1𝑦3,  

 𝜃 =  𝑦4, 𝜃′ =  𝑦5,       𝜃′′ =  −𝑃𝑟𝑦1𝑦5 − 𝑃𝑟𝐸𝑐𝑦3
2, 

𝜙 =  𝑦6, 𝜑′ =  𝑦7, 𝜙′′ =  𝑛𝑆𝑐𝑦6𝑦2 − 𝑆𝑐𝑦7𝑦1 + 𝛾𝑆𝑐𝑦4     (11)  

together with boundary conditions  

𝑦1(0) =  0,  𝑦2(0) =  1, 𝑦2(∞) =  0,  

𝑦4(0) =  1,  𝑦4(∞) =  0, 𝑦6 (0)  =  1, 𝑦6 (∞)  =  0.(12)  

The essential mechanism of flow, heat and mass transfer are coefficient of skin-friction 𝐶𝑓 , local nusselt number 𝑁𝑢, and 

Sherwood number 𝑆ℎ𝑟  defined as:  

𝐶𝑓 =
2𝜏𝜔|𝑧=0

𝜌𝑈2 ,    𝑁𝑢 =
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Where 𝜏𝜔, 𝑞𝜔, 𝑎𝑛𝑑 𝑞𝑚 are the wall shear stress, wall heat flux and wall mass flux separately having the following 

expressions: 
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Using Eqs. (6), (11) and (12) the drag, heat and mass transfer get the following form:  
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All the mathematical calculations are completed with the support of computer-based software “MATLAB”. To work out 

the transformed differential equations mathematically we follow highly effective mathematical shooting method with fourth 

order Runge-Kutta system. In this technique it is most vital to choose the suitable finite values of 𝜂 → ∞. To select 𝜂∞, some 

initial guess values are taken and solve the problem with some set of parameters to obtain 𝑓′′(0), 𝜃′(0) 𝑎𝑛𝑑 𝜑′(0). The 

explanationmethod is reiterated with a large new value of 𝜂∞up to two consecutive values of 𝑓′′(0),  𝜃′(0) 𝑎𝑛𝑑 𝜑′(0) differ 

only after desired accuracy signifying the limit of the boundary along η. The last value of 𝜂∞ is chosen as applicable value of 

limit 𝜂 → ∞for that set of parameters. The resultant differential equations can be integrated by fourth order Runge-Kutta 

scheme. The one above technique is reiterated until we get the results up to the preferred grade of accurateness10−6. 

4. Results and Discussion 
We analysed the impacts of numerous values of parameters engaged in the equations viz. magnetic parameter-M, Prandtl 

number-Pr, Schmidt number Sc, Chemical reaction rate parameter- 𝛾, and the power-law exponent-n. In this analysis for 

mathematicalcalculation we used, n = 1 and𝛾 = 0.3. Ec=0.8, Sc=0.5, Pr=0.7. These values are kept as common in the entire 

survey except for varied values as exhibited in Figures 2–13. The confirmation of the result is obtained in a certain case and 

found to be in excellent deal with the result of B. Nayak [11]and Azeem Shahzad [15]. 

 

Figures 2(a)-2(c) represent the influence of the velocity, temperature, and concentration profiles with magnetic parameter 

M. It is noticed from these figures that the velocity distribution decline due to increment in the magnetic field. It is clearly 

seen in Figure 2(a) increase in the value of M slow down the momentum and hence a decline in radial velocity. Physically, 

the magnetic parameter produced Lorentz force which slows down the motion of the fluid. In figure 2(b) &(2c) temperature, 

and concentration profiles are observed increases near to the boundary wall. The escalation in the values of magnetic triggers 

increment in thermal and solute boundary thickness.  

Figure 3(a) analyses the effect of Prandtl number over dimensionless temperature distribution. We can observe that an 

increase in prandtl number reduced the thermal boundary layer. Prandtl number defines the ratio of momentum diffusivity to 

thermal diffusivity. In case of smaller values of Prandtl number, the thermal boundary layer thickness increases, further 

causing a reduction in heat transfer. 

Figure 3(b) depicts the temperature distribution for different values of Eckert number (Ec), it can be noticed that an 

increase in the Eckert number Ec results the enhancement in temperature profiles because of the heat energy stored in the 

fluid due to frictional heating. This physical parameter expresses the relationship between the kinetic energy and internal 

energy. 

Figure 4(a) explores A chemical reaction is a process leading to the chemical transformation of one compilation of 

chemicals into a new. The effects of chemical effect γ in the fluid. It is depicted from the graph that escalating values of 

chemical effect creates some reaction in the fluid flow and slow down the centrifugally extending velocity, temperature, and 

concentration profiles of the fluid. Raising the temperature profile closed to the wall also show that the boost up the value of 

chemical response that the effect is lessening the concentration profile away to the wall but closed to the wall it barely 

growing effect find-out. Hence destructive chemical reaction is not helpful to improve the concentration profile 

Figure 4(b) explains the rate of mass transmission profile for various values of chemical reaction parameter. It is quite 

clear to say that here is a point of variation inside the boundary layer. It is also noticed that the rate of mass transmission falls 

considerably up to the variation area and later the reverse result is noted with the rise in chemical reaction. Therefore, it is 

determined that the double character on the profile is due to the addition of stronger species along with the magnetic 

parameter.  

Figure 5(a) depicts the effect of power-law coefficient (stretching parameter) on the concentration and rate of mass 

transfer, correspondingly. On the wise examination of Figure 5(a) it is seen that the concentration profile slow down with an 

increase in power-law factor alongside the width of the concentration boundary layer. Further than, Figure 5(b)demonstrates 

that the rate of mass transfer diminishes with an upsurge in the value of stretching parameter-n up to the variation region and 

then reversal trend appears after that. We examined to reduce concentration on the boundary layer with the increase in the 

stretching parameter n. 
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Figure 6(a) is plotted to explain the impact of Schmidt number on the concentration profile. It is observed that with an 

improving value of Schmidt number Sc i.e., for heavier responsive species concentration profile falls. Hence, it is determined 

that the reactive species with positive reaction rate coefficient and species with low diffusivity i.e., for high values of Sc 

concentration profile decreases. Figure 6(b) is drawn to the influence of Schmidt number on the rate of mass transfer profile. 

It is observed that for n=0 the profile is nearly linear and further the profile drops for rising value of n up to certain region 

and then rate of mass transfer gets improved.  

Figure 7 reveals the values of rate of mass transfer versus chemical reaction parameter for numerous values of power-law 

factor n. It is remarkable that the rate of mass transfer profile boosted with an increase in power-law factor considerably. 

Hence it is decided that increase in devastating chemical reaction rises the rate of mass transfer i.e., presence of stronger 

species is encouraging to increase in rate of mass transfer. 

Table 1. value of 𝒇′′(𝟎), 𝜽′(𝟎), 𝝓′(𝟎) with respect to various parameters 

S.No M Pr Ec n Sc 𝜸 𝒇′′(𝟎) 𝜽′(𝟎) 𝝓′(𝟎) 

1 0.0 0.7 0.8 0.0 0.05 0.0 -1.0000     0.2118     0.1216 

2 1.0      -1.4142     0.0205     0.1160 

3 2.0      -1.7321    -0.1143     0.1133 

4 3.0      -2.0000    -0.2206     0.1117 

5  2.0      -0.7199     0.1117 

6  4.0      -1.5114 0.1117 

7  6.0      -2.3052 0.1117 

8   1.0     -3.2617 0.1117 

9   2.0     -8.0439 0.1117 

10   3.0     -12.8262 0.1117 

11    1.0     0.1341 

12    2.0     0.1562 

13    3.0     0.1781 

14     0.1    0.2542 

15     0.2    0.4001 

16     0.5    0.7925 

17      0.1   0.8590 

18      0.3   0.9549 

19      0.6   1.0635 

20      1.0   1.1802 
 

 
Fig. 1 Physical configuration and coordinate system. 
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Fig. 2(a) Effect of Magnetic parameter-M on Velocity 

 

 
Fig. 2(b) Effect of Magnetic parameter-M on Temperature. 
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Fig. 2(c) Effect of Magnetic parameter-M on concentration. 

 

 
Fig. 3(a) Effect of Prandtl number-Pr on Temperature. 

 



S. Renuka et al. / IJMTT, 68(10), 44-55, 2022 

 

51 

 
Fig. 3(b) Effect of Viscous dissipation-Ec on Temperature. 

 

 
Fig. 4(a) Effect of Chemical reaction parameter-𝜸 on mass distribution. 
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Fig. 4(b) Effect of Chemical reaction parameter-𝜸 on rate of mass distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5(a) Effect of power-law coefficient-n on mass distribution. 
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Fig. 5(a).Effect of power-law coefficient-n on rate of mass distribution. 

 

 
Fig. 6(a) Effect of Smidt number-Sc on mass distribution. 
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Fig. 6(b) Effect of Smidt number-Sc on rate of mass distribution. 

 

 
Fig. 7 Effect of Chemical reaction &rate of mass distribution. 

 
 

 



S. Renuka et al. / IJMTT, 68(10), 44-55, 2022 

 

55 

References  
[1] D.F. Fairbank, C.R. Wike, “Diffusion, and Chemical Reaction in an Isothermal Laminar Flow along a Soluble Flat Plate,” Industrial & 

Engineering Chemistry Research, vol. 42, pp. 471–475, 1950. 

[2] H.I. Andersson, O.R. Hansen, B. Holmedal, “Diffusion of a Chemically Reactive Species from a Stretching Sheet,” International 

Journal of Heat and Mass Transfer, vol. 37, no. 4, pp. 659–664, 1994. 

[3] J. Ahmed, T. Mahmood, Z. Iqbal, A. Shahzad, R. Ali, “Axisymmetric Flow and Heat Transfer Over an Unsteady Stretching Sheet in 

Power in Power Law Fluid,” Journal of Molecular Liquids, vol. 221, pp. 386–393, 2016. 

[4] A. Shahzad, J. Ahmed, M. Khan, “On Heat Transfer Analysis of Axisymmetric Flow of Viscous Fluid over Nonlinear Radially 

Stretching Sheet,” AEJ - Alexandria Engineering Journal, vol. 55, pp. 2423–2429, 2016.  

[5] K. Bhattacharyya, S. Mukhopadhyay, G.C. Layel, “Reactive Solute Transfer in Magneto Hydrodynamic Boundary Layer Stagnation-

Point Flow over a Stretching Sheet with Suction/ Blowing,” Chemical Engineering Communications, vol. 199, pp. 368–383, 2012. 

[6] N. Najib, N. Bacchok, N.M. Arifin, A. Ishak, “Stagnation Point Flow and Mass Transfer with Chemical Reaction Past a 

Stretching/Shrinking Cylinder,” Scientific Reports, vol. 4, pp. 4178, 2014  

[7] Z. Abbas, T. Javed, N. Ali, M. Sajid, “Diffusion of Chemically Reactive Species in Stagnation-Point Flow of a Third Grad Fluid: A 

Hybrid Numerical Method,” Journal of Applied Fluid Mechanics, vol. 9, pp. 195–203, 2016. 

[8] R.S. Tripathy, G.C. Dash, S.R. Mishra, S. Baag, “Chemical Reaction Effect on MHD Free Convection Surface Over a Moving Vertical 

Plate through Porous Medium,” AEJ - Alexandria Engineering Journal, vol. 54, pp. 673–679, 2015. 

[9] Khan, M. & Shahzad, Azeem, "On Axisymmetric Flow of Sisko Fluid Over a Radially Stretching Sheet," International Journal of 

Non-Linear Mechanics, vol. 47, pp. 999–1007, 2012. 

[10] Narender, Ganji & Govardhan, K. & Sarma, Sreedhar, "MHD Stagnation Point Casson Nanofluid Flow over a Radially Stretching 

sheet," The Beilstein Journal of Nanotechnology, vol. 11, pp. 1303-1315, 2020. 

[11] Mustafa, Meraj & Hayat, Tasawar & Alsaedi A, “Axisymmetric Flow of a Nanofluid Over a Radially Stretching Sheet with 

Convective Boundary Conditions," Current Nanoscience, vol. 8, pp. 328-334, 2012. 10.2174/157341312800620241 

[12] Eringen A. C, “Theory of Micropolar Fuids,” Journal of Applied Mathematics and Mechanics, vol. 16, pp. 1-16, 1966. 

[13] Guram, G. S. & Smith A. C, "Stagnation Flows of Micropolar Fluids with Strong and Weak Interactions," Computers & Mathematics 

with Applications, vol. 6, pp. 213–233, 1980. 

[14] Gorla, R. S. R. & Takhar H. S, "Boundary Layer Flow of Micropolar Fluid on Rotating Axisymmetric Surfaces with a Concentrated 

Heat Source," Acta Mechanica, vol. 105, pp. 1-10, 1994. 

[15] S.R. Mishra, G.C. Dash, P.K. Pattnaik, “Flow of Heat and Mass Transfer on MHD Free Convection in a Micropolar Fluid with Heat 

Source,” AEJ - Alexandria Engineering Journal, vol. 54, no. 3, pp. 681–689, 2015. 

[16] G.C. Dash, R.S. Tripathy, M.M. Rashidi, S.R. Mishra, “Numerical Approach to Boundary Layer Stagnation-Point Flow Past a 

Stretching/Shrinking Sheet,” Journal of Molecular Liquids, vol. 221, pp. 860–866, 2016.  

[17] B. Nayak,S.R.Mishraa,n , G. Gopi Krishna. “Chemical Reaction Effect of Anaxisymmetric Flow over Radially Stretched Sheet,” 

Propulsion and Power Research, vol. 8, no. 1, pp. 78-84, 2019. 

[18] Bala Siddulu Malga, “Finite Element Analysis of Fully Developed Free Convection Flow Heat and Mass Transfer of a MHD / 

Micropolar Fluid over a Vertical Channel,” Jordan Journal of Mechanical and Industrial Engineering, vol. 8, no. 4, pp. 219-232, 2014. 

[19] P.Pramod, Bala Siddulu Malga, “Finite Element Study of Soret Number Effects on Mhd Flow of Jeffrey Fluid through a Vertical 

Permeable Moving Plate,” Partial Differential Equations in Applied Mathematics, vol. 1, pp. 100005, 2020. 

[20] P. Pramod, Bala Siddulu Malga, “Heat Transfer Effects on Free Convection of Viscous Dissipative Fluid Flow Over an Inclined Plate 

with Thermal Radiation in the Presence of induced Magnetic Field,” International Journal of Applied Mechanics and Engineering, vol. 

26, no. 1, pp. 122-134, 2021. 

[21] Azeem Shahzad, “Axisymmetric Flow with Heat Transfer over Exponentially Stretching Sheet: A Computational Approach,” Physica 

A: Statistical Mechanics and its Applications, vol. 554, no. 15, pp.124242, 2020. 

 

 


