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Abstract−− The present study deals with a steady 

MHD stagnation-point flow of incompressible viscoe-

lastic fluid in a porous medium around a stretch-

ing/shrinking sheet. The influence of induced mag-

netic field, heat source parameter and viscous dissipa-

tion are considered. The resulting nonlinear partial 

differential equations are solved under suitable 

boundary conditions using the bvp4c method. The ef-

fect of various physical parameters affecting on the 

flow has been studied. It is observed that the viscoe-

lastic parameter enhances the induced magnetic field 

profile and temperature profile, whereas fluid veloc-

ity reduces. Moreover, the stretch parameter has a 

significant influence on the fluid velocity. The temper-

ature profile can be improved by increasing the visco-

elastic parameter, magnetic parameter, heat source 

parameter and radiation parameter, while the oppo-

site effect is observed for Eckert number, reciprocal 

of the magnetic Prandtl number and Prandtl number. 

Keywords−− bvp4c method, thermal radiation, 

non-Newtonian fluid, heat source, porous medium. 

I. INTRODUCTION 

Investigation on the flow phenomena of non-Newtonian 

fluids in a stretched sheet or vertical surface can be ben-

eficial for modeling many industrial manufacturing pro-

cesses, such as the aerodynamic extrusion of plastic, 

cooling of metal sheets, production of adhesive tapes and 

application of coatings. The viscoelastic fluids are such 

types of non-Newtonian fluids that have both viscous 

component and elastic properties. Some biological fluids, 

DNA suspensions, paints etc. are such examples of vis-

coelastic fluid. The flow of viscoelastic fluid may be 

modelled by using Walters (1962). Kumar and Srivastav 

(2005), and Prakash et al. (2010) studied the dusty visco-

elastic fluid flow using Walters’ B model taking account 

of thermal diffusion and chemical reaction effect. Chang 

et al. (2011) studied numerically the free convection 

mass transfer on a Walters’ viscoelastic fluid flow with 

wall suction. Tonekaboni et al. (2012) presented the vis-

coelastic Walters B-model flows for three boundary layer 

problems, and in all problems the Cauchy equations are 

transformed into dimensionless differential equations. 

El-Syed and Hussein et al. (2013) discussed the instabil-

ity of viscoelastic rotationally anisotropic thermally con-

ductive Walters B plasmas under the action of magnetic 

fields and gravity in porosity Brinkman media. Marinka 

and Hersano (2014) studied the steady 2D flow of Wal-

ters’ B fluid through vertical channels. Thirumurugan 

and Vasanthakumari (2014) considered the magnetohy-

drodynamic instability of viscoelastic non-Newtonian 

Walters’ B circulating fluid. Das (2016) investigated the 

effects of induced magnetic field on the flow of a visco-

elastic fluid around a vertical plate. Jafar et al. (2019) nu-

merically investigated the effect of viscous dissipation on 

boundary layer flow in a viscoelastic Walters’ B fluid 

driven by a shear plate. Das and Patgiri (2022) studied 

the Couette flow for viscoelastic fluid incorporating So-

ret effect.  

 Magnetohydrodynamics (MHD) is the study of mag-

netic effects and the actions of conducting fluids. It is also 

called fluid magnetism or magnetohydrodynamics. The 

word "magnetohydrodynamics" comes from "magneto," 

meaning "magnetic field," and "hydro," meaning "wa-

ter." Some examples of magneto-fluids are salt water, liq-

uid metals, plasma etc. Moreau (1900) presented an over-

view of MHD flow and induced magnetic field in engi-

neering applications. Jang and Lee (2000) studied the 

pumping mechanism based on MHD of a new micro-

pump. Authors Chamkha (1997a), Takhar et al. (1999), 

Chamkha (1999), Takhar et al. (2002), Chamkha et al. 

(2006), Modather et al. (2009) and Magyari and Cham-

kha (2010) studied the influences of MHD on different 

physical situations. When surgery requires a reduction in 

blood flow or a reduction in tissue temperature, it can be 

accomplished using a magnetic field. Al-Habahbeh et al. 

(2016) studied the applications of MHD pumps. Gregory 

et al. (2016) and Rashidi et al. (2017) studied the MHD 

flow and its mathematical modeling in biological sys-

tems. Nagaraju and Garvandha (2019) analyzed the two-

dimensional heat transfer performance of an incompress-

ible dissipative viscous fluid flow. Kumar et al. (2020) 

studied the Reiner-Philippoff fluid flow in a transverse 

magnetic field considering Cattaneo-Christov heat flux 

effect with Ohmic heating by using RKF-45 method. 

Gomez et al. (2021) studied the effects of MHD and pres-

sure driven multilayer immiscible fluid flow.  

 Salem et al. (2011) studied the effect of induced mag-

netic field on peristaltic flow in a non-uniform channel. 

Singh and Singh (2012) studied the induced magnetic 

field effects on natural convective flow in vertical con-

centric rings with an open end. Jha and Aina (2018) stud-

ied the outcome of induced magnetic field on the natural 

convective MHD flow of an electrically conductive fluid 
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in a vertical annular microchannel. Hayat et al. (2019) 

numerically investigated the results of induced magnetic 

field on MHD peristalsis of pseudoplastic material. Singh 

et al. (2020), and Shah et al. (2022) investigated the in-

duced magnetic field on the steady MHD mixed convec-

tion flow of a viscoelastic fluid and in a rectangular chan-

nel on the flow of two immiscible fluids, respectively. 

Nasir et al. (2020) studied the MHD flow with induced 

magnetic field for Newtonian fluid past a stretched sheet 

using bvp4c technique. Also, neglecting the induced 

magnetic field and Hall effect are briefly analyzed by 

Chamkha (1997b), Krishna et al. (2018), Krishna and 

Chamkha (2019), Krishna and Chamkha (2020), Krishna 

et al. (2020a, b). 

 Radiation effects on convective flow are significant 

in the connection of space technology and processes re-

lating high temperature. Various authors studied in this 

line. Some of them are Chamkha (1997d), Chamkha 

(2000) and Sreedevi et al. (2020). 

 The purpose of the present study is to investigate the 

effects of induced magnetic fields, heat sources, thermal 

radiation and viscoelasticity on hydromagnetic fluid flow 

over a stretching surface. This phenomenon is very much 

beneficial for manufacturing of paper, removal of plastic 

sheet and blowing of glass etc. The shrinking surface usu-

ally occurs when the velocity at the boundary travels to-

ward a fixed point. This type of surface shrinking phe-

nomenon is very much useful in agriculture. This study 

is an extension of the work of Nasir et al. (2020) to non-

Newtonian fluid in porous medium by incorporating the 

impact of thermal radiation, viscous dissipation and vis-

coelastic property. 

II. MATHEMATICAL FORMULATION 

Consider an incompressible, time independent, stagna-

tion-point flow of MHD viscoelastic fluid in a porous 

medium around a stretching/shrinking sheet. The fluid 

speed is proportional to the distance to the stagnation-

point (Fig. 1). Here, the influence of induced magnetic 

field, heat source parameter and viscous dissipation are 

considered. Here, we assume that the speed of fluid is 

slow, following the Chamkha (1996), Chamkha (1997c), 

Chamkha and Ben-Nakhi (2008) and neglecting inertia 

effect we use Darcy’s porous regime.  

 Then the equations governing the flow (Ali et al., 

2011; Nasir et al., 2020; Walter, 1962) are 
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Figure 1: Physical model. 
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Eqs. (3)-(5) reduces to 
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The boundary conditions (6) become 
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Table 1: Comparison table for skin friction when 𝛿 = 0, 𝑅 = 0, 

𝑄 = 0, 𝐸𝑐 = 0 and in absence of porous parameter. 
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1/𝑎 𝑀 𝑓′′(0) Ali et al. (2011) 𝑓′′(0) Present 

0.1 0 -0.9694 -1.0075 

0.2 0 -0.9181 -0.9851 

0.5 0 -0.6673 -0.8306 

3 0.1 4.70928 4.685 

3 0.5 4.62764 4.4123 

3 1 4.52158 4.0933 
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III. RESULTS AND DISCUSSION 

The Eqs. (7)-(9) with conditions (10) is solved numeri-

cally using bvp4c solver integrated into MATLAB. The 

present study coincided with that of  

(i) Ali et al. (2011) when 𝛿 = 0, 𝑅 = 0, 𝑄 = 0, 𝐸𝑐 = 0 

and in absence of porous medium. 

(ii) Nasir et al. (2020) when 𝛿 = 0, 𝑅 = 0, 𝐸𝑐 = 0 and 

in absence of porous medium.  

The numerical results obtained are compared with 

those reported by Ali et al. (2011). Table 1 shows a com-

parison between this study and the Ali et al. (2011) study, 

which are in decent agreement. As a further verification 

of the accuracy of our numerical calculations, we com-

pared these results with that of Nasir et al. (2020) and 

found that they were perfectly matched. 

 The following values are taken for mathematical 

computation 𝑀 = 0.5, 𝐾𝑝 = 1.2, 𝛿 = 3.2, 𝜀 = 500, 𝑎 =

0.3, 𝑃𝑟 = 0.5, 𝑄 = 0.5, 𝑅 = 0.5, 𝐸𝑐 = 0.2
Pr 0.5, 0.5, 0.5, 0.2Q R Ec= = = =  and 𝑎 = 0.3.  

Figures 2-6 represent the variations in velocity due to 

the influence of viscoelastic parameter (𝛿), magnetic 

field parameter (𝑀), reciprocal of magnetic Prandtl num-

ber (𝜀), stretching parameter (𝑎), and porous parameter 

(𝐾𝑝), respectively.  

 Figure 2 shows that the viscoelastic parameter (𝛿) re-

duces the fluid velocity. Higher values of 𝛿 (higher elas-

tic impact response), a reduced amount of energy is 

stored, and as a result, the velocity can decrease, thereby 

reducing the thickness of the momentum boundary layer. 

Figure 3 shows that as the magnetic parameter 𝑀 in-

crease, the structure of the velocity boundary layer de-

creases. This is because the presence of a transverse mag-

netic field defines the Lorentz force, which results in a 

retarding force on the velocity field. Therefore, as the 

values of  𝑀 increase, the delay force increase and hence 

the speed decreases. Figure 4 shows that the reciprocal of 

the magnetic Prandtl number (𝜀) increases the fluid ve-

locity. This result is similar to that obtained by Nasir et 

al. (2020). Figure 5 reveals that the stretching parameter 

(𝑎) raises the fluid velocity for 𝜂 ∈ [0, 1.8], but after-

wards reveres effect is observed.  Here 𝑎 < 0 indicates  

shrinking parameter, 𝑎 > 0  indicates stretching parame-

ter, 𝑎 = 0  indicates stagnation point flow. From Fig. 6, 

it  is clear that a growth in the porosity parameter (𝐾𝑝) 

leads to an increase in velocity because the solid void in-

creases and it slashes the drag force. 

 Figures 7-8 represent the variation in induced mag-

netic field profiles for viscoelastic parameter (𝛿) and 

magnetic field parameter (𝑀), respectively.  

 Figure 7 shows that induced magnetic field profile in-

creases due to an increase in viscoelastic parameter.  Fig-

ure 8 confirms that an increase in the magnetic parameter 

increases the intensity of the induced magnetic inside the 

boundary layer. 

 
Figure 2: Impact of   on f  .   

 

  
Figure 3: Impact of M  on f  . 

 
Figure 4: Impact of   on f  . 

 

 
Figure 5: Impact of a  on f  . 
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Figure 6: Impact of pK  on f  . 

 

 
Figure 7: Impact of   on g . 

 

 

Figure 8: Impact of M  on g . 

 
Figure 9: Impact of   on  .  

 

 

Figure 10: Impact of M  on  . 

 

 
Figure 11: Impact of   on  . 

 

 
Figure 12: Impact of Ec on  .  

 

 
Figure 13: Impact of Pr  on  . 

 
Figure 14: Impact of Q  on  . 

 

 

 

Figure 15: Impact of R  on  . 
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Figure 16: Impact of   on ( )0− .   

 

 

Figure 17: Impact of   on ( )0− . 

 Figures 9-15, represent the temperature profile for the 

influence of viscoelastic parameter, magnetic parameter, 

reciprocal of the magnetic Prandtl number, Eckert num-

ber, Prandtl number, heat source/sink parameter, and ra-

diation parameter, respectively.  

 Figure 9 shows that the enhancement in viscoelastic 

parameter raises the temperature of the fluid. Similar ef-

fect is noticed for the presence of magnetic parameter 

from Fig.10, whereas the reciprocal of the magnetic 

Prandtl number lowers the fluid temperature (Fig.11). 

Figure 12 shows that the Eckert number lowers the fluid 

temperature.  The Eckert number is used to represent the 

dissipation of heat transfer. Therefore, as the Eckert num-

ber increases, the heat transfer dissipation increases and 

consequently the temperature of the fluid declines. Figure 

13 shows that an intensification in Prandtl number from 

P𝑟 = 2.36 (carbon disulfide) to P𝑟 = 6.83 (methanol) 

through P𝑟 = 4.41 (chloromethane) reduces the temper-

ature profile inside the boundary layer. The reason for 

this is that the lower the P𝑟 value, the higher the thermal 

conductivity, and the faster the heat can diffuse from the 

heated surface than if the P𝑟 value is high. Therefore, the 

thermal boundary layer becomes thinner and temperature 

reduces. Again, we can see from Fig. 14 that as the value 

of 𝑄 increases from 𝑄 = −0.3 (heat sink) to 𝑄 = 0.3 

(heat source) through 𝑄 = 0 (no heat source/sink), the 

temperature of the fluid nearby the surface rises. This is 

because the flux will increase the temperature in the ther-

mal boundary layer, causing the value of 𝑄 to increase, 

but gradually decrease as the value of the normal distance 

𝜂 increases. Figure 15 shows that an increase in the radi-

ation parameter causes a growth in the temperature of the 

boundary layer. This might be due to the circumstance 

that the increased radiation leads to a greater heat con-

duction contribution than thermal radiation and thus in-

creases the temperature. 
 

 The heat transfer rate at the surface is proportional to 

−𝜃′(0) is presented in Figs. 16-17 compared with 𝑀 for 

the 𝛿 and 𝜀, respectively. It is observed that the heat trans-

fer rate at the surface enlarged due to an increase in 𝜀 

(Fig. 17), while it reduced due to an increase in 𝛿. Also, 

both the Fig.16 and Fig.17 depicted that the rate of heat 

transfer reduces due to enlargement in the intensity of 𝑀. 

IV. CONCLUSIONS 

In this paper, time independent, MHD stagnation-point 

flow for viscoelastic fluid in a porous medium around a 

stretching/shrinking sheet in porous medium is consid-

ered. The velocity of fluid is proportional to the distance 

from the stagnation-point. It is observed that the viscoe-

lastic parameter and magnetic number retard the fluid ve-

locity, whereas permeability parameter and reciprocal of 

magnetic Prandtl number enhances the fluid flow. Also, 

the stretching parameter have a significant influence on 

the fluid velocity. Both viscoelasticity and magnetic pa-

rameter increases the induced magnetic field profile in-

side the boundary layer. Temperature profile can be en-

hanced by increasing the viscoelastic parameter, mag-

netic parameter, heat source parameter and radiation pa-

rameter, whereas opposite effect is seen for Eckert num-

ber, reciprocal of magnetic Prandtl number and Prandtl 

number. The heat transfer rate at the surface reduces due 

to the viscoelastic parameter and magnetic parameter, 

whereas opposite effect is seen for reciprocal of magnetic 

Prandtl number. 
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NOMENCLATURE 

𝑇∞, ambient temperature; 𝑢𝑒, ambient velocity; 𝑏, con-

stant; 𝑄0, dimensional heat generation; 𝐾1, dimensional 

porous parameter; 𝜇, dynamic viscosity; 𝐸𝑐, Eckert num-

ber; 𝜌, fluid density; 𝑄, heat generation; 𝜈, kinematic vis-

cosity; 𝜁0, magnetic diffusivity; 𝑀, magnetic parameter; 

𝜇𝑒, magnetic permeability; 𝑘∗, mean absorption constant; 

𝜃, non-dimensional temperature; 𝐾𝑝, porosity parameter; 

Pr, Prandtl number; 𝑅, Radiation parameter; 𝜀, reciprocal 

of magnetic Prandtl number; 𝐶𝑝, specific heat at constant 

pressure; 𝜎, Stefan-Boltzmann constant; 𝑎, stretching pa-

rameter; 𝑇, temperature of the fluid; 𝑘, thermal conduc-

tivity; 𝑢, 𝑣, velocity component along 𝑥 and 𝑦 axis; 𝐻1, 

𝐻2, velocity magnetic field components along 𝑥 and 𝑦 

directions; 𝐻𝑒 , velocity magnetic field of the ambient 

fluid; 𝑘0, viscoelastic coefficient; 𝛿, viscoelastic param-

eter. 
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