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1. ABSTRACT:

An analysis of MHD power-law fluid over a stretching/ shrinking surface in a non-linear Darcy-
Forchheimer porous medium has been considered. The study includes the influence of Joule heating,
viscous dissipation and heat source. The MATLAB in built bvp4c method has been used for the solution of
the consequential non-linear differential equations. Influence of relevant physical parameters on velocity,
temperature distribution and skin friction are discussed for pseudoplastic and dilatant fluid. It is noticed that
the local Forchheimer parameter and power-law parameter helps to reduce the fluid velocity, while Eckert
number raises the fluid velocity. Also, decrease in rate of strain is seen when the values of power-law

parameter, local Forchheimer parameter and stretching parameter enhances in the pseudoplastic and dilatant
fluid.
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2. NOMENCLATURE:
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Strength of stagnation flow
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Magnetic field parameter
Porous parameter
Consistency coefficient
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Permeability of the porous medium
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Stretching parameter
Power-law index
Power-law parameter
Prandtl number

Heat source parameter
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Fluid temperature
Stretching sheet temperature
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Ambient temperature
Velocity in x-direction
Speed of external flow

@

Speed of stretching sheet

n
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Velocity component in y -direction
(x,y) Cartesian co-ordinates

Greek symbols

Thermal diffusivity

Coefficient of viscosity
Non-dimensional parameter

Fluid density

Electrical conductivity

Kinematic viscosity
Stream function
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3. INTRODUCTION

The study of magnetohydrdynamic flow of non-Newtonian fluid over a stretched surface has a great
significance owing to its wide applications in engineering. Also, the shrinking effect plays an essential role,
as this effect has reverse flow and has been found to be important in the polymer and textile industries.
Mahapatra et al. [1] studied magnetohydrodynamic power-law fluid model in a stretching sheet near
stagnation point. Dash et al. [2] analyzed the boundary layer stagnation point flow in a stretching/shrinking
sheet. Also, several authors have reported the rheological property of non-Newtonian fluids over stretched/
shrinking surface. Some of them are [3-15].

In heat transfer analysis, dissipation effects play the role of internal energy source. The Joule heating and
viscous dissipation effects are more significant while the plate is heated or cooled. The observed fact of heat
transfer typically occurs in microchip processes, power generation systems, and nuclear reactor cooling.
Kumar et al. [16] presented the impact of viscous dissipation and Joule heating on Oldroyd B fluid flow in
stretching sheet using shooting algorithm with RKF45 method. Das [17] studied the viscous dissipation and
Joule heating effects on Cason fluid model with non-uniform magnetic field using bvp4c method. Rasheed
et al [18] presented Jeffrey nano-fluid flow in a stretchable cylinder incorporating viscous dissipation and
Joule heating property.

The application of fluid flow through porous media can be observed in diversified fields such as nuclear
engineering, geothermal physics. Darcy’s law is commonly used to elucidate the flow that fills pores.
Darcy’s law is not valid for the effects of high velocity and turbulence in the pore space. Forchheimer [19]
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introduced the quadratic polynomial into the momentum equation to estimate the impact of inertia on visible
permeability. Several studies have examined the flow in porous medium using the Darcy-Forchheimer
model with various geometries. Some have been reported here. Sadiq and Hayat [20] presented Maxwell
fluid flow with the Darcy-Forchheimer model over a surface. Seth et al. [21] studied the Darcy-
Forchheimer flow model over an inclined stretching sheet including Soret with Dufour effects. Recently,
Rasool et al. [22], Mishra et al. [23], Hayat et al. [24], Saeed et al. [25], and Ullah [26] studied the Darcy-
Forchheimer flow model over stretched surface.

In this study, Darcy-Forchhemier MHD flow model of power-law fluid in a stretching/shrinking sheet
incorporating Joule heating, heat source and viscous dissipation is addressed.

2. MATHEMATICAL FORMULATION

Consider a steady, incompressible MHD flow of power-law fluid around a stagnation point over a stretched
plate surrounded in a Darcy-Forchheimer porous medium. The x- axis is considered along the surface
originating from the stagnation point and the y- axis perpendicular to it (Fig.1). The speed of the stretching
sheet is assumed as u =u,(x) =dx and speed of external flow is u=u,(x) =hx.

The governing boundary layer equations incorporating heat source, Joule heating and viscous dissipation
(Choudhary et al. [3], Dey and Mahanta [15], Misra et al. [23]) are
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Following similarity variables are used
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where stream function (v ) is
u= v V= a—l'//.
oy OX
Using (5) in (1)-(3), reduces to the following dimensionless equations
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where prime is used for differentiation with respect to 77,
2 2 12
ST R T S N— G-k
a hp hK, hpC, C,(T,-T.)  pCoa™(T,-T,) JK,

JETIR2502772 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | h566


http://www.jetir.org/

© 2025 JETIR February 2025, Volume 12, Issue 2 www.jetir.org (ISSN-2349-5162)

3
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yoles
Here, mrepresent stretching parameter when m> 0 and shrinking parameter when m<0.

3. METHOD OF SOLUTION

The equations (6) and (7) are coupled non-linear, so the solution in closed form is not possible.
Setting f =z, f'=2,,f"=2,,0=12,,0 =z,, the equations (6) - (7) transform to the following first order

ordinary differential equations

7, =-22,- A} —HE(1-2,)* - Qz,, 9)
(Pr+Nzi ™)z, =22 — 2,2, — (K + H)(1- z,) +G(1-2,)? (10)
with boundary conditions

2(0)=0,2,(0) =m,2,0) =1 2,) =1.2,) =0, (11)

The bvp4c method is applied for the solution of Egs. (9)-(10) subject to (11).

4. RESULTS AND DISCUSSION

In this section, the influence of local Forchheimer parameter (G) , magnetic field parameter (H) , power-law
parameter (N) , stretching/ shrinking parameter (m) on velocity and the impact of local Forchheimer parameter, heat

source parameter (Q) , Eckert number (E) on temperature are discussed. Also, the effect of related parameters on skin
friction is analyzed. Following default values are taken for computation:

H=05K=05E=05m=02Pr=2 Pr=2,N=05A=05G=05Q=0.5.

Figures 2 and 3 represent the variation of g (77) against # for different values of G with n=0.5 andn=1.5,
respectively. Figure 2 depict that the local Forchheimer number lowers the movement of fluid particles for
pseudoplastic (n=0.5<1) fluid and the same behaviour of fluid particles is seen from figure 3 for dilatant

(n=1.5>1) fluid.

Figures 4 -5 represents the impact of H on velocity g'(77) for pseudoplastic (n=0.5<1) and dilatant fluid
(n=1.5>1), respectively. Figures show that an increasing magnetic field parameter reduces the speed of fluid
particles for both pseudoplastic (n=0.5<1)and dilatant fluid (N =1.5>1) . Physically, increasing magnetic field

parameter raises the resisting Lorentz force and thus reduces the speed of the fluid particles for both pseudoplastic and
dilatant fluid.

Figures 6-7 shows the influence of power-law parameter (N)on g (77) for pseudoplastic (n = 0.5 <1)and dilatant

fluid (N =1.5>1), respectively. It is observed that the velocity f'(7) retards in both the cases due to increase in N .

Figures 8-9 represents the influence of stretching/ shrinking parameter (m) on velocity profile. For stretching sheet

m >0 and for shrinking sheet m < 0. m=0corresponds to stagnation point flow. It is seen that velocity profile
accelerated as the parameter mrises. Thus, the thickness of the boundary layer flow increases for stretched sheet in
comparison to shrinking or stagnation point flow.

Figures 10-11 represents the temperature curves against 7 when n(=0.5) <1 and n(=1.5) > 1, respectively for
various values of local Forchheimer parameter (G =0,1,2). In both the pseudoplastic (n=0.5<1) and dilatant
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(n=15>1) cases the thermal boundary layer enhances faintly with the rising values of local Forchheimer

parameter G .

Figures 12-13 represents the temperature curve against 7 when n(=0.5) <1 and n(=1.5) >1, respectively for

various values of Q(=0.2,0.6,1) . It shows an enhancement in thermal boundary layer due to the introduction of

heat source parameter in both pseudoplastic and dilatant fluid. This is due to the fact that the presence of heat source
transfers heat or energy to the flow, this energy contributes to improving the thermal boundary layer.

Figures 14-15 represents the temperature variation against 7 for different Eckert number (E =0,1,2) for
pseudoplastic (n = 0.5 <1) and dilatant (n =1.5>1) fluid. It is observed that E enhances the thermal boundary layer

thickness in both the cases of N <1 and N >1. It is entirely consistent with the present model which includes the
energy loss due to Joule heating. The loss of energy led to an increase in the thickness of the thermal boundary layer

Table 1 shows the skin friction g (0) for n(=1.5) >1and (n = 0.5) <1 across the surface for different values of
N,G,H,m,K.The flow is not disturbed when the skin friction or gradient of fluid velocity is zero and as the

values increase, a variation in the displacement of the flow is observed. Physically, gradient of fluid velocity
or skin friction represent the strain rate per unit area. Thus, from Table 1, we can see that the strain rate
increases when magnetic parameter (H)and permeability parameter (K) increases. But decrease in rate of

strain is seen when the values of power-law parameter (N) , local Forchheimer parameter (G) and stretching
parameter (M) rises for both n >1and n<1.

5. VALIDITY AND ACCURACY
The present study is well validated through the following investigations:

(i) Whenn=1,N =0,G=0,Q=0,A=0, E =0, the present study matched with that of Chaudhary et al. [3].

(i) When E =0,G =0,Q =0, the present study matched with that of Dey and Mahanta [15]
The comparison of the present study for g (0) with Chaudhary et al. [3] is presented in Table 2. It is found that the
present result is in good agreement.

Figurel Physical configuration.
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Figure 3 Influence of G on g'with n=1.5
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Figure 7 Influence N ong’with n=1.5.
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Figurel4 Influence of E on #with n=0.5. Figure 15 Influence of E on #with n=1.5.
Tables:
Tablel: Computational values of g”(0).
N G H m K g"(0) g"(0)
(n=1.5) (n=0.5)
0.5 05 05 0.2 0.5 0.8173 0.7587
0.3 0.8426 0.8041
0.1 0.8713 0.8572
0.3 0.8340 0.7757
0.1 0.8502 0.7923
0.3 0.7851 0.7263
0.1 0.7516 0.6929
0.4 0.6511 0.5883
0.6 0.4601 0.3986
0.3 0.7851 0.7263
0.1 0.7516 0.6929
Table2: Computation values of g”"(0) for Newtonian fluid (n =1)
N=0,G=0,Q=0,A=0,E=0.
Pr K H m g"(0) g"(0)
(Chaudhary et al. (2016)) (Present study)
0.7 0.1 0.1 -0.1 1.67031 1.66431
1 0.1 0.1 -0.1 1.39749 1.39216
1 1 0.1 -0.1 1.74282 1.74098
1 0.1 3 -0.1 2.33510 2.32551
1 0.1 0.1 0.5 0.74709 0.74618
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5. CONCLUSION
Main observations of the above study for pseudo plastic and dilatant fluid are as follows:

(i)  Forchheimer number, magnetic field parameter, power-law parameter retards the fluid velocity.
(if)  Fluid velocity accelerated for higher stretching parameter.

(iii) The higher temperature is noted for larger values of local Forchheimer parameter, heat source

parameter, Eckert number.
(iv) Skin friction is an increasing function of magnetic parameter and permeability parameter.

(v) Skin friction reduces for power-law parameter, local Forchheimer parameter and stretching

parameter.
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