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I. INTRODUCTION

Recently, there has been significant interest in studying the heat transportphenomena
of Newtonian boundary layer fluids flowing past a permeable plate embedded in porous
medium. This attention is driven by the various applications in different engineering fields,
including enhanced petroleum resource recovery and catalytic reactors. The viscoelastic fluid
has little temperature and salinity sensitivity and is easily regulated by rheology. The
viscoelastic fluid technology generates highly efficient fractures with low damage to
conductivity, providing excellent control of fluid loss and high properties of proppant
transport to generate the geometry of design fractures. The rheology of such a fluid is used to
enhance biomodelling. Biofilms are also viscoelastic materials that are capable of dissipating
energy from external forces and overcoming external mechanical stresses.The viscoelastic
boundary layer fluid motion through permeable surfaces along withheat transport in the
presence of partial slip has influenced researchers a lot these days. Such a flow has lots of
applications in filtration and purification processes, metal processing, heat exchangers,
catalytic reactors, insulation, etc. The physical concept of temperature variation between the
plate and the surrounding fluid has many geothermal and engineering applications.

The velocity growth within the boundary layer during fluid motion across a flat
surface was first studied by Blasius [1]. Pohlhausen [2] examined the heat transport
phenomenon based on Blasius's findings, while Howarth [3] conducted a subsequent
investigation into the numerical results obtained by Blasius. Cheng and Minkowycz [4]
introduced a study on the fluid flow occurring in a porous media as a result of natural
convection.With the use of numerical analysis, Mukhopadhyay and Layek [6] determined the
mechanism of convective heat transfer in a boundary layer flow across a permeable plate.
They also examined the influence of radiation on the temperature distribution.

Ishak [7] examined the flow behaviour and heat transportmechanism across a
permeable plate while taking into account convective heating at the boundary surface.
Bhattacharyya et al. [8] used the shooting method to undertake a numerical study of the flow
of fluid in the boundary layer across a flat, moving surface. Bhattacharyya and Layek [9] also
presented the solute diffusion due to the chemical reaction for boundary layer Newtonian
fluid past a permeable plate. Abbas et al. [10] studied the heat transfer phenomenon taking
slip condition at the boundary of viscous fluid past an infinite oscillating sheet. Khan et al.
[11] demonstrated the heat transport and slip effects over a flat surface for carbon nanotubes.
Ambreen et al. [12] discussed the heat transport and slip impact on hydromagnetic peristaltic
non-Newtonian fluid flow. Sarojamma et al.[13] studied the stratified casson fluid motion and
the heat transition, taking radiation effects into account.

The literature survey reveals that very few work has been carried out for comparative
study of Newtonian fluid and viscoelastic fluidsover a flat permeable plate considering partial
slip condition. Thus, the purpose of this work is to contrast the behaviour of Newtonian and
viscoelastic fluids in the boundary layer over a porous flat plate as a result of partial slip.
Navier-Stokes equation of motion is considered for Newtonian fluid, while Walters Liquid
(Model B [14, 15] is employed for viscoelastic fluid. The 'bvp4c' solver in MATLAB is
used to solve the self-similar reduced fluid guided equations and their associated boundary
conditions.The numerical results obtained were then presented graphically to analyse the
influence of various flow feature parameters for further discussion.
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1. Mathematical Formulation: The steady fluid motion in the boundary layer for both
Newtonian and viscoelastic fluids flowing over a flat porous plate, taking into account the
presence of slip effects, is investigated. The fluid model depicting the geometry of flow is
shown in Figure 1.

The fluid flowis described by the following set of equations:

Uy +v, =0 (2.1)
Uty + vuy, =iy, — ko(p) T (Ulleyy + Viyyy — Upliyy — MUy, ) — V(K THu — U,,)(2.2)
uly, +vT, = K(pCp) ' T,y (2.3)

where, the lower subscripts of u, v, and T in terms of x and y denote the partial derivatives of
respective order.

Figure 1: Fluid model depicting geometry of the flow

The relevant boundary conditions taking slip effects are as follows:

u=G6Gu,, v=1y,aty=0 u->Usasy—>x (2.4)
T=T W+H 1T y at y=0 ; 5T © as —»® (2.5)

1 1 Uyx Vg
W here, G; = Gy(Re, )z , H, = Hy(Re,)z, Re, = —Vw = —1

()2

A careful inspection gives the following set of similarity transformations:
Y= [Uvxf(),T =T, + (T, — T,.)8(n), andn = %,/Rex, (2.6)
W here ¥: stream function satisfying u = %and v= —Z—i’, 6: temperature function andn:

similarity variable.
Using similarity transformations, equations (2.6), (2.2) and (2.3) finally reduced to self-
similar forms as follows:

frAsff +kl2ff+ =) T+k (A =f)=0 (2.7)

" 1 r
6" +5Prfo' =0 (2.8)

" "
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1 _k _ ucp
Dax = x—z,,PT' = T

koUy
W here k; = ==, k* =
2ux

DayRey’

The reduced form of boundary conditions (2.5) and (2.6) are:

At n=0,f =S, f)=8f(m);asn -, f(N=1 (=0 (2.9)
At 1=0,0n) =1+ B0'(m); asn — ©,0(n) = 0(2.10)

_GOUoo :HOUoo

1
W here, S = (— 2”‘”) (Rey)z = — z'vol, o=

Uso (U.v)2

y .
v v

2. Method of Solution: To utilize the 'bvp4c' solver of MATLAB [16, 17], the governing
equations (2.7) and (2.8) along with the boundary conditions (2.9) and (2.10) can be
expressed in a reduced form as:

1 1 1 *
fi= —11(f3)2 ~26fi= () {h +3h0 T A= R €8)
fo = =5 Prfife(3.2)
f1(0) = S, £2(0) = 8£3(0) and f,(0) =1, f3(0) =0 (3.3)
£5(0) = 1+ Bf,(0) and fs(=) = 0 (3.4

Consideringfy =f. o =f.fs=f . a=f fs=0.fe=6

The 'bvp4c' solver, which is a built-in function in MATLAB, is utilized to calculate the
aforementioned equations along with various flow feature parameters involved.

3. Results and Discussion: The expressions for velocity (f’(n)), temperature (0(11)),
temperature gradient at the plate ( —6’(0)) and skin friction coefficient (t) are obtained
numerically employing MATLAB ‘bvp4c’ solver for involved dimensionless flow feature
parametersi.e., viscoelastic parameter (ky), permeability parameter (k*), Prandtl
parameter (Pr), velocity slip parameter (5), thermal slip parameter (), suction/blowing
parameter (S). The computed results are depicted graphically to observe the impact of
involved flow parameters on Newtonian fluid and viscoelastic non-Newtonian fluid
respectively for comparison purpose. The results of Newtonian fluid are obtained easily
by setting k; = 0.

To evaluate the accuracy of the numerical results evaluatedby ‘bvp4c’ solver and
to validate the current study, the skin friction is calculated without taking viscoelastic and
permeability factors and is obtained as f'(0) = 0.3321 which is well in accord with
the standard results obtained by Howarth [3] as f'(0) = 0.33206 and Bhattacharyya
and Layek [9] as f''(0) = 0.332058.

Figs. 2- 4.3 illustrate the velocity distribution for variation of permeability, suction
and velocity slip flow parameters on the Newtonian fluid and viscoelastic non-Newtonian
fluid. The velocity curve f'(n) tends to 1 very rapidly as n —2.5 and thus considering
2.5 as infinity appears to justify the boundary conditions at infinity. Fig. 2 (a) shows that
the velocity over the plate enhances as the permeability parameter increases because the
Darcian body force reduces as the permeability parameter increases, leading to a
reduction in the drag experienced by the flow, which helps to improve fluid motion.
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However, as shown in Fig. 2 (b), the velocity f'(;)on the plate decelerates as the value of
k rises. As the fluid is viscoelastic, so considerable high drag is accomplished and thus
the velocity is retarded.

Figs. 3 (a) and 3 (b) display the velocity curves for suction parameters S. The
fluid motion accelerates as the suction parameter rises, as shown in Fig. 3 (a).The process
of sucking fluid particles through a porous wall slows the creation of the fluid boundary
layer. Suction has the effect of drawing fluid close to the wall, thereby decreasing the
momentum boundary layer and enhancing fluid velocity. But it is noticed from 3 (b) that
the flow rate decelerates with increasing values of S.As fluid particles are absorbed into
the porous plate, the fluid motion decreases, resulting in a thinner velocity boundary
layer.

Figures 4 (a) and 4 (b) illustrate the velocity profile f'(n)for different values of
slip factor 6.As the slip factor & rises due to frictional resistance between the fluid and the
boundary surface, the rate of fluid transport accelerates in both Newtonian fluid and
viscoelastic non-Newtonian fluid. Because of the slip, positive values of velocity near the
plate are seen, and the thickness of the momentum boundary layer is reduced. The
thermal slip parameter B has no effect on the velocity profiles since the momentum
equation is independent of 6.

The temperature curves are graphically presented in Figs. 5-8 for different values
of permeability, suction, velocity, and thermal slip flow parameters. The fluid
temperature diminishes with the growth of permeability factor, as shown in Fig. 5 (a).
The thickness of the thermal boundary layer is reduced as the permeability factor k* is
increased. It is noticed from 5 (b) that the fluid temperature accelerates with the rise of
permeability factor and thus we can conclude that thethermal boundary layer thickness
enhances with the rising permeability. Growing permeability helps to improve fluid
temperature by reducing the thickness of the momentum boundary layer.

The temperature distribution for different values of S is depicted in Figs.6 (a) and
6 (b). It is observed that the fluid temperature diminishes with the rise of the suction
factor. Heat transport increases when the thickness of the thermal boundary layer
decreases. As the suction values increase, the fluid is drawn closer to the plate, resulting
in a decrease in fluid temperature. Figs.7 (a) and 7 (b) indicate that the fluid temperature
diminishes as slip factor 6 enhances for both Newtonian and viscoelastic fluids and thus
less heat is deported from the flat permeable plate to the fluid domain. A high rate of fluid
motion is observed near the plate due to the slip factor which enhances the heat transfer.

The effect of the thermal slip factor g on the temperature profile for Newtonian and
visco-elastic fluids is shown in Figs.8 (a) and 8 (b). The temperature drops as the thermal
slip factor increases because less heat is transported from the permeable flat plate to the
fluid domain.

The heat transport rate from the plate, which is represented by the temperature
gradient —0'(0) are plotted against the velocity and thermal slip factors 6 and B
respectively in Figs. 9-10 for Newtonian fluid and viscoelastic non-Newtonian fluid for
variation of permeability factor k*.Fig. 9 (a) illustrates the heat transport rate and it shows
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that it enhances with the growth of both velocity slip and permeability parameters. Fig. 9
(b) indicates that for non-Newtonian fluids, the heat transport rises as the velocity slip
parameter is enhanced, but diminishes when the permeability parameter increases. The
heat transport rate at the plate rises with the growth of the thermal slip factor but
diminishes for growing permeability for Newtonian fluid, as observed in Fig. 10 (a) but
for viscoelastic non-Newtonian fluid, the heat transport rate at the plate reduces for rising
values of thermal slip and permeability parameters, as noticed in Fig. 10 (b).

The coefficient of skin friction is a significant physical parameter that quantifies
the resistance caused by viscosity on the plate surface. Figures 11 (a) and 11 (b) illustrate
the relationship between the skin friction coefficient ‘1’ and the slip factor ‘6’ for distinct
values of permeability factor k* for both Newtonian and viscoelastic fluids. The viscous
drag diminishes gradually with the rise of slip factor but it enhances with the growth of
permeability factor as noticed in Fig. 11 (a). From Fig.11 (b), it is noticed that the friction
at the plate reduces rapidly with the growth of permeability and thus more fluid passes
through the plate and approaches to zero as slip parameters are enhanced.

K04, Pr=03, 502,301, 0. ||

0 05 1 15 2 25 0 03 1 15
T—> 1T—>

(a) Newtonian fluid (b) Viscoelasticfluid

Figure 2: Effects of k * on velocity curve f'(n) against n
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k=0, k=02, Pr=03, =0, p=0.1

— T—
(a) Newtonian fluid (b) Viscoelastic fluid

Figure 3: Effects of S on velocity curve f'() against
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Figure 4: Effects of 5 on velocity curve f'(n) against
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Figure 5: Effects of k* on temperature curve 8(n) against n
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Figure 6: Effects of S on temperature curve 6(n) againstn
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Figure 7: Effects of 6 on temperature curve 6(n) against n
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Figure 8: Effects of § on temperature curve 6(n) against n
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Figure 9: Effects of k* on temperature gradient curve —8'(0) against &
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Figure 10: Effects of k* on temperature gradient curve —8'(0) against
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Figure 11: Effects of k* on skin friction coefficient 7 against 6
Il. CONCLUSION

This work has significant potential for further research due to its potential use in
several subfields of engineering science. Some fluid properties have been discussed in this
study, but there are many rheological properties of fluids of engineering interest that may be
incorporated for further research. In light of the information presented in this paper, we can
conclude that:

e The growth of permeability and suction parameter enhances the fluid motion for
Newtonian fluid, but the reverse pattern of flow is observed for viscoelastic non-
Newtonian fluid.

e The rate of fluid transport is enhancedfor Newtonian as well as viscoelasticfluids as
the slip factor o rises.

e The fluid temperature decreases with the growing permeability parameter for
Newtonian fluid, but for non-Newtonian fluid growing permeabilityhelps to enhance
the fluid temperature.

e The rising values of suction and slip parameters diminish the heat transport in both
Newtonian and viscoelastic fluids.

e The heat transport rate enhances with growing permeability for Newtonian fluid but
for viscoelastic fluid, it diminishes in presence of slip factors.

e The viscous drag diminishes gradually with the rise of the slip factor, but it enhances
with the growth of the permeability factor for Newtonian fluid but,in case of
viscoelastic fluid, it diminishes with the growth of slip and permeability parameters.
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fluid motion along x-axis

fluid motion along y-axis

kinematic viscosity

permeability parameter

viscoelastic parameter

fluid density

free stream velocity

temperature

specific heat

thermal conductivity

velocity slip factor

initial velocity slip flow factor

thermal slip factor

initial thermal flow slip factor

constant plate temperature

free stream tem perature

local Reynolds number

suction or blowing parameter

modified viscoelastic parameter

modified permeability parameter

local darcy number

prandtl number

Modified suction or blowing

modified velocity slip factor

modified thermal slip factor”
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