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Abstract

In this study, by considering the effects of joule heating and viscous dissipation, we analyzed the Reiner-Philippoff fluid
flow along a stretching sheet. Velocity slip of first order is taken into account. Using the Shooting method, the transformed
governing equations are numerically solved. Graphical analysis is used to examine how new parameters affect the fields of
temperature and velocity. The obtained results are compared to the results that have been published and are found to be in
strong agreement. Examples of this kind of flow on a stretching sheet include the extrusion of polymers, liquid coatings, and

other procedures.
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1.0 Introduction

A non-Newtonian fluid is one that changes nonlinearly
under fluid stress and displays nonlinear viscosity. The
importance of non-Newtonian fluids in industry and
engineering has amorousness many researchers. In
addition, non-Newtonian behavior finds application in
the mining sector, where muds and slurries are frequently
handled, as well as in biomedical flows and lubrication.
Additionally, non-Newtonian fluids are used to raise
the calibre of printing processes. Research indicates that
natural thickeners for printer ink can be derived from
thixotropic or shear thinning fluids, like sodium alginate,
modified starch, and cellulose derivatives. The viscosity
and flow characteristics of the ink are enhanced by these
non-Newtonian fluids, making printing more clear. A
Reiner-Philippoft fluid model, one of the most significant
non-Newtonian fluid models, which displays both non-
Newtonian and Newtonian behaviour asaresult of variable
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fluid shear rates. The explanation about the Reiner-
Philippoff fluid model was initially developed by Kapur
and Gupta'. Numerical analysis is used to examine the flow
of a classical non-Newtonian fluid, the Reiner-Philippoff
fluid, across a stretching sheet when nanoparticles are
present. The nonlinear stress-deformation behaviour for
the Reiner-Philippoff fluid as well as Brownian motion
and nanoparticle-induced thermophoresis effects are
incorporated into the mathematical model by Adeel
Ahmad?. Asad Ullah et al.? focuses on boundary-layer type
Reiner-Philippoft fluid thin film flow. Have investigated
the heat transfer and radiation changes caused by the flow
of thin Reiner-Philippoff fluid films across a stretching
sheet. The time-dependent governing equations for the
Reiner-Philippoff fluid model are simplified with the
help of similarity variable transformation. The study
examined the behavior of the Reiner-Philippoff fluid with
a variable stretching surface, considering thermophoresis
and Brownian motion characteristics in the flow for


http://www.informaticsjournals.com/index.php/toxi

Y.S. Kalyan Chakravarthy, S. Ram Prasad and S. H C. V. Subba Bhatta

diverse physical consequences. The increase in flow and
heat transfer on a stretching sheet of Reiner-Philippoff
nanofluid is described by Gnaneswara Reddy et al.®. For
temperature distributions, the impact of the magnetic field
and thermal radiation are investigated. Ganesh Kumar et
al? applied the Cattaneo-Christov heat diffusion theory to
Reiner-Philippoft fluid flow across a hot surface. Ohmic
heating, and Cattaneo-Christov heat flux effects are also
taken into account. The Reiner-Philippof fuid flow across
a stretching sheet is considered by Gnaneswara Reddy et
al.* while taking thermal radiation effect into account.
The flow was produced using a linear extending surface
with a Darcy-Forchheimer channel applied. Sajid et al.’
examined the effects of distinctive phenomena on non-
Newtonian Reiner-Philippoft fluid travelling over a
stretchy surface. Muhammad Tahir and Adeel Ahmad®
examined the effects of fluid pseudoplaticity and dilatancy
on non-Newtonian fluid peristaltic flow and heat transfer
in a non-uniform asymmetric channel. Ganesh kumar
et al’® studied the thermal effect of the melting heat
occurrences for the Reiner-Philippoff fluid flow through
stretched Darcy-Forchheimer flow. They noticed that the
velocity field is diminished when the Bingham number
changes more slowly and thermal field performs better
when melting phenomena are present. The energy transit
of RPF via a stretched sheet that is inclined vertically
is explored by Mallikarjuna et al.'® the flow and heat
transmission of Reiner-Philippoft fluid (RPF). They
discovered that the fluid velocity is greater for the dilatant
fluid and smaller for the pseudo-plastic fluid with higher
Bingham number values. For every increase in TB values,
the fluid temperature is lower and the fluid velocity is
higher.

The free convection nanofluid flow caused by a sheet
that is linearly stretched were considered by Makinde
and Aziz". The influences of Brownian motion and
thermophoresisareaccounted for the governingequations.
For a sheet with varying thickness, the boundary layers
over a continually stretched sheet with a power law surface
velocity were addressed by Fang et al.'>. Nadeem et al.’®
looked at the Williamson fluid model’s two-dimensional
flow over a stretching sheet. Numerical analysis is used by
Malvandiet al.** to explore the unsteady double stagnation
point flow of a nanofluid across a stretching sheet. Hayat
et al.” investigated is the Maxwell fluid boundary layer
flow across a stretching sheet with varying thickness. The
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Cattaneo-Christov heat flux model is utilised to examine
the thermal performance with thermal conductivity
variations. The simultaneous Dufour and Soret effects
on mass transport and heat in a Casson nanofluid flow
over an unstable stretched sheet with heat generation and
radiation were explored by Ibukun Sarah Oyelakin et al.’.
Towards a stretching sheet, a mhd flow with magnetic and
viscous dissipation effects micropolar nanofluids has been
researched by Hsiao. The viscoelastic fluid flow on a
stretching sheet is discussed by Ghadikolaei et al.'®. HAM
is used to solve the governing equations numerically. The
unstable two-dimensional magnetohydrodynamic flow
of an incompressible fluid that conducts electricity over
a permeable stretched surface in the presence of various
slip effects has been designed and simulated by Fazle
Mabood and Stanford Shateyi®”. Under the influence of
the first slip, Wubshet Ibrahim and Dachasa Gamachu
demonstrated the convection flow of Williamson
fluid across an axially stretched surface containing
nanoparticles. Punith Gowda et al.* investigate a unique
magnetic dipole influence on ferromagnetic fluid flow
across a flat stretchy sheet. Jagadish V. Tawade et al.
I studied the heat transfer of Cassona transverse the
linearly stretching sheet to investigate the problem of
constant laminar flow of nanofluid on a two-dimensional
boundary layer.

2.0 Problem Formulation

The present work investigates the incompressible, laminar,
steady-state non-Newtonian fluid flow across a stretched

Momentum boundary layer

Tuo | mﬂl.ll\ layer
—_—

Figure 1. Schematic representation of physical problem.
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sheet, as depicted in Figure 1. The y-axis is thought to run
parallel to the sheet, and the x-axis is normal to it. Let v
and u represent the fluids velocity in the y- and x-

directions. T,, and 7, are maintained at and separate
from the sheet, respectively.

The governing equations:
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Using (4), the equations (1) — (3) become
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The corresponding dimensionless conditions are:
f=0, f'=l+alf". =1 as =0
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3.0 Numerical Procedure

Analytical solutions to the set of equations (5)-(7) with
boundary conditions (8) are challenging. As a result, we
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Figure 2. Variation of Mon velocity.
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employ the shooting technique, one of the best, most
straightforward, and precise numerical techniques (Ref.
22 and #). The Newton’s method, which is not available in
(8), is used to determine approximate initial conditions
and the fourth order R-K method is used to integrate
first order differential equations. Following is. First, by
supposing, change higher order equations into first order
equations

f=1@) f'=/@ f=f3) 6=1@4) =10,

) f2)

£3)
d ﬁ;; _| (" g + Nu* Nu)/(g* g = lam * Nu* Nu))* ((13)* £2)*52)- (23)* F3)* HD)= M*£2) | (9)
f(5)

dag|”
ﬁg -(2/3)* (Pr)* f(1)* £(5) -Ec* f(3)* £(3)-Ec * M * f(2)* {{2)
Eqn. (9) presents a vector form of problem

bray r@ r3) s r]  with initial conditions at

7 f£(2) ). The initial conditions that are not stated in
eqn. (8) are taken as /(3)(1) = 0.1, /(5)(1) = 0.2, and integrate
eqn. (9) using Runge Kutta 4" order. Other end
circumstances are contrasted with the outcomes that were
obtained. Select different initial circumstances and carry
out the process again if the difference is greater. It is
tiresome to choose the initial conditions at random. To
find suitable beginning Newton’s
technique is employed, and RK4 is used to integrate the

circumstances,
outcomes.

4.0 Discussion of Results

The impact of various physical limitations on temperature
and momentum profiles for several different fluid
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Figure 5. Variation of I" on Temparature.
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Figure 7. Variation of Pr on Temparature.

scenarios is reported and assessed in this section (Table
2), including Magnetic parameter, Eckert number,
Bingham number. Unless otherwise stated, the physical
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Table 1. For a specific Prandtl number, the Nusselt number is obtained for Newtonian fluid

flow over a stretching sheet:
Pr 0.7 7.0 10
Patil et al.* 0.35004 1.38625 1.68011
Chen® 0.34925 1.38619 1.68008
Mallikarjuna et al.** 0.3488 1.3863 1.6802
Present 0.34892 1.38651 1.68032

parameters are assumed to have default values of Magnetic
parameter M = 2, Eckert number Ec= 0.1, Bingham
number I' = 2.0 and Prandtl number Pr = 5.
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Table 2. Three different cases of the fluids

Casel A<l Dilatant fluid
Case2 A=1 Newtonian fluid
Case 3 A>1 Pseudo plastic fluid
Numerical values for Nusselt number:
Table 3. For A =0.2
No Slip First Order Slip
M T Ec Pr al Nu M T Ec Pr al Nu
1 2 0.1 5 0.0 -1.2637 1 2 0.1 5 0.5 -0.9402
2 -1.2238 2 -0.8136
3 -1.1939 3 -0.7268
4 -1.1707 4 -0.6641
2 -1.2637 2 -0.9402
5 -1.2464 5 -0.9079
6 -1.2384 6 -0.8932
8 -1.2206 8 -0.8611
0.1 -1.2637 0.1 -0.9402
0.2 -1.3417 0.2 -0.9726
0.3 -1.4196 0.3 -1.0049
0.4 -1.4976 0.4 -1.0373
1 -0.5419 1 -0.4159
3 -0.9426 3 -0.6930
4 -1.1122 4 -0.8217
5 -1.2637 5 -0.9402

The effect of M on fluid velocity is depicted in Figure
2. For A =0.2, 2.0, the fluid velocity decreases as M

values increase in both the zero slip and first slip scenarios.
Figure 3 shows how M affects the temperature of the fluid.
The fluid temperature drops as M values rise for lam = 0.2,
2.0 in both the zero slip and first slip cases. The effect of
the I"on the velocity profile for three distinct RPF
parameter instances is shown in Figure 4. Because of the
low viscosity caused by a higher shear rate, the yield stress
or the viscous stress both decrease as the rise, slowing the
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flow rate for the dilatant fluid. Consequently, dilatant
fluid flow thickens. It is significant to remember that, as
fluid velocity increases, the dilatant fluid decreases (Figure
4a). Pseudo plastic fluid exhibits the exact opposite
behaviour from Figure 4b for the both cases of zero slip
and first slip. Figure 5 illustrates how fluid temperature
affects. It has been noted that as the Bingham number
increases, the dilatant fluid’s temperature rises. However,
the flow of pseudoplastic fluid shows a reversal pattern for
the case of zero slip and first slip. The influence of Ec on
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Table 4.For A =2.0

No Slip First Order Slip

M T Ec Pr al Nu M T Ec Pr al Nu
1 ) 01 5 00 | -12717 1 2 0.1 5 0.5 |-0.9554
2 -1.2340 2 -0.8311
3 -1.2056 3 -0.7448
4 -1.1834 4 -0.6815
2 -1.2717 2 -0.9554
5 -1.2878 5 -0.9863
6 -1.2934 6 -0.9972
8 -1.3032 8 -1.0164
0.1 12717 0.1 -0.9554
0.2 -1.3484 0.2 -0.9880
0.3 -1.4250 0.3 -1.0207
0.4 -1.5017 0.4 -1.0533
1 -0.5452 1 -0.4207
3 -0.9501 3 -0.7049
4 -1.1201 4 -0.8356
5 -1.2717 5 -0.9554

temperature profile is shown in Figure 6. The fluid
temperature will go up for lam = 0.2, 2.0 for the instances
of zero slip as well as the first slip with greater values of
Ec. Figure 7 depicts how the Pr affects the temperature
profile. For lam = 0.2, 2.0 for occurrences of zero slip as
well as the first slip with higher values of Pr, the fluid
temperature will rise.

Nusslet number values for various A values are
shown in Tables 3 and 4. Table 3 shows that for the

situations of 4 =0.2, the heat transfer coefficient grows
for M, I" and falls for Ec, Pr for both nil slip as well as first
slip. According to Table 4, for cases where lam = 2.0, the

heat transfer coefficient improves for M and drops for
I', Ec, Pr for both nil slip and first slip.

5.0 Conclusion

In the current work, the energy transit of RPF past
a stretched sheet is explored and reported. By using
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RK4, the modelled expressions are numerically solved.
Visual representations of velocity and temperature
profiles under various scenarios include the Magnetic
parameter, Bingham number, Eckert number, and Prandtl
number. Our findings are:

o With greater values of for both the first slip and
nil slip scenarios, the fluid velocity is higher in
the pseudo-plastic fluid scenario and lower in the
dilatant fluid scenario.

« For all case studies of 4, a boost in M caused a
decrease in fluid velocity and temperature for nil

slip and first slip.

. I, Ec, and Pr see a decline in the Nusselt number
for pseudo-plastic fluid.
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