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Abstract: In this paper, we examine the Eyring-powell model in the presence of thermal radiation and heat
source and chemical reaction. The partial differential equations governing the fluid flow are converted into
system of Non-linear ordinary differential equation is then solved numerically using the Finite Difference
method. The numerical method used shows that the results are in agreement and is consistent with published
result. The accuracy of the proposed method is higher than other analytical solutions; hence proposed method is
efficient and in agreement with existing literature.
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I.  Introduction

Recently, Squeezing flow of Newtonian and Non-Newtonian fluids has gained considerable attention
from researchers due to its importance and its application in Science, engineering and Technology. Such flows
are induced by approaching parallel surfaces on disk in relative motion. The first author to work on this was
Stefan [1], did a pioneering work on the squeezing flow by initiating lubrication approach. Domairy and Aziz
[2] employed He’s homotopy perturbation method to consider the suction and injection effects on the flow of
electrically conducting viscous fluid squeezed between parallel disks. Hayat et al. [3,4] made an improvement
on the work analyzed in [2] to analyze the squeezing flow of non-Newtonian fluids by taking second grade and
micropolar models. While Qayyum et al [5] Investigated the unsteady squeezing flow of viscoelastic Jeffery
fluid between parallel disks and discussed the porosity and squeezing effects on the velocity profile. Although,
considerable authors have studied the heat transfer characteristics of viscous fluid in squeezing flow between
two parallel surfaces, Squeezing flow and heat transfer over a porous surface was investigated by Mahmood et
al.[6] Mustafa et al.[7] Considered the Combine effects of heat and mass transfer in a viscous fluid squeezed
between two parallel plates. Also of recent, Bahadir and Abasov [8] used the finite difference scheme to
analyzeand obtain numerical solution of hydromagnetic steady flow and heat transfer in a viscous fluid squeezed
between parallel disks. In practical the no slip boundary conditions is known to be one of the core concepts of
fluid mechanics, i.e. the assumption that when a liquid flows over a solid surface, the liquid molecules adjacent
to the solid are stationary relative to solid [9]. In recent year Adesanya et al [10] applied adomian decomposition
method to the analysis of effect of couple stresses on hydromagnetic Eyring-Powell fluid flow through a porous
channel. Some examples of Non- Newtonian fluids are Powell-Eyring fluids . Here are some examples of
research done in this area. Analysis of boundary layer flow and heat transfer due a Powell-Eyring fluid on a
moving permeable surface in a parallel free stream and analysis of governing nonlinear differential equations
using Keller box method and also investigated effects of some parameters on flow field were considered by Jalil
et al. [11]. Analysis of mixed convection unsteady boundary layer flow due a rotating Powell- Eyring fluid over
a rotating cone considering combined effects of heat and mass transfer were considered by Nadeem and Saleem
[12]. HAM was the semi-analytic method employed to dissolve the governing nonlinear differential equations
and then, they investigated the effects of several parameters on velocity, temperature, concentration, skin
friction coefficient, Sherwood number and Nusselt number. Agbaje et al. [13] used a numerical method for
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unsteady non-Newtonian Powell- Eyring nanofluid flow on a shrinking sheet considering the heat generation
and thermal radiation on the fluid flow. The analysis of boundary layer flow of non-Newtonian Eyring-Powell
fluid on a linear stretching sheet using collocation method and transformation of its nonlinear and PDEs
equations to ordinary and ODEs equations using a similar transformation method and investigating the behavior
of velocity profile were carried out by Rahimi et al. [14]. Simulation the steady 3D magnetohydrodynamics flow
due a Powell- Eyring nanofluid with convective and the nano particles mass flux conditions and solving
governing equations using bvp4c method were carried out by Khan et al. [15]. Taking into consideration the
issues analyzed and documented in this section, this article also studies the heat and mass transfer in an unsteady
two- dimensional squeezing flow of magnetohydromagnetic (MHD) radiative non-Newtonian Eyring-Powell
fluid through a channel with thermal radiation and heat generation/absorption. The analysis and solving of the
non-linear ordinary differential equations governing the flow using Runge-Kutta-Fehlberg fourth fifth order
method with shooting technique is considered.

Mustapha and Salau [16] worked on the solution of heat and mass transfer analysis in nanofluid flow
using Homotopy perturbation method. Adomian decomposition method was also employed by Mustapha and
Salau [17] for solving heat transfer analysis for squeezing flow of Nanofluid in parallel disks. A comparative
solution of heat transfer analysis for squeezing flow between parallel disks was also investigated by Mustapha
and Salau [18] using the mentioned method alongside Adomian decomposition method. In [19] Mustapha et al
gave detailed insight to Semi-analytic solution of Riccati equation using Homotopy perturbation method and
Adomian decomposition method (ADM). Mustapha and Salau [20] also used HPM to get a series solution of
Euler-Bernoulli Beam subjected to a concentrated load.

Il.  Mathematical Model
Considering an incompressible non-Newtonian Erying-Powell fluid, the constitutive equation is given by [1] as

1 1
T=—-pl+pA; + [msinh‘1 (E |A1|>] A, (D
Where Tis cauchy stress tensor, p is the pressure, Iis unit tensor, p is dynamic viscosity, f and c are
characteristics of the Eyring-Powell fluid with dimensions pascal™! and second™!, respectively, A, is the
Rivlin-Ericksen tensor defined as

Ay = (W) + (V)T (2
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) , V is the velocity of the flow field and T is the transpose of the matrix. Taking the second-
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order approximation of sinh~! function and neglecting higher term we have
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I11.  Physical Model Description
We consider unsteady MHD two-dimensional squeezing flow of an incompressible Eyring-Powell fluid
between two infinite plates separated by a distance a(t) = +Iv1— t. Here lis the initial distance between the
plates at time t and o is the characteristic parameter of the squeezing motion of the plate with dimension of the
inverse time.For o > 0, both plates squeezes until they meet att = 1/a and o < 0 indicates that the plates are
separated. Take a Cartesian coordinate system (x,y) where the central axis of the channel is taken as the x-axis
Bg

and the y-axis is perpendicular to it. A uniform magnetic field B = — is applied normally to the wall, in the

presence of thermal radiation and heat generation/absorption. Further assuming the induced magnetic field is
negligible due to low Reynolds numbers. The governing equations of mass, momentum, energy and mass
transfer describing the unsteady two-dimensional flow under the above assumptions can be written as [2]

ou v
oy 0, (5)

ou Odu du_  1dp ( 1 )<6Zu 62u>
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Subject to the boundary conditions
da(t)
u=0 wv=y,= ar T=T, C=C,, at y=a(t)

du oT ac
2525252 , at y=20.(10)
The velocity the velocity components are u and v in x and y directions respectively, the kinematic viscosity isv
, the fluid density is p, the electrical conductivity of the fluid is denoted as o, the fluid temperature is T, x is the
thermal conductivity of the fluid,C, is the specific heat capacity,o” is the Stefan-Boltzman constant, k* is the
mean absorption coefficient, Q* is the uniform volumetric heat generation/absorption coefficient, C is the
concentration species of the fluid, D,,the mass diffusion, k, is the reaction rate, referenced fluid temperature and
concentration species of the fluid flow are T, and C, respectively.
Introducing the following non-dimensional quantities:
y ax ' al T-T, Cc—C
n= IWi-at’ u= 2(1—at)f m, v=- sz(n)’ 6= Tl—%’ ¢ = cl—coo 11
Using the non-dimensional variables in equation (11) the continuity equation (5) is identically satisfied and
equations (6) and (7) after eliminating the generalized pressure gradient from the resulting equation results to:

A+DfY =Sf " +3f" +ff = ff") —T8Qf (f")? + (f)*f) — M*f" = 0. (12)
Also, substituting equation (11) in equations (8) - (10) reduces to the forms below:
4 " , ,
(1+§R)6 + PrS(f0 —no +Q0) =0, (13)
¢ +ScS(fp'—ne) — Scyp =0, (14)

f(0)=0,f(0)=0, 6(0)=0¢(0)=0,
fW=0fM=1 61)=1¢Q1) =1

where prime is the differentiation with respect to n, I" and & are the fluid parameters, S is the squeezing value, M
is the Hartman number, the radiation parameter is R, Pr is the prandtl number, Q is the heat generation
parameter for Q > 0 or heat absorption parameter for Q < 0, Sc is the Schmidt number and y is the chemical
reaction parameter. These parameters are given below as:

(15)

1 a’x? al oBZI? 407 T3
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(16)
C 20°(1 — at v 1’k
przu, zu’ SC=—,)/=—1.
U apC, D, v

It is important to consent that the fluid parameter & is a function of x, and its values varies locally throughout
the flow motion. Also it is worthwhile to mention that the squeeze value(number) describes motion of the
manifolds(plates) (the movement of the Plate apart corresponds to S > 0, while S < 0 corresponds to the
plates collapsing together, the so-called squeezing flow). Furthermore, y > 0 indicates the destructive chemical
reaction and y < 0 represents the generative chemical reaction.

The physical properties of interest are the skin-friction coefficient C;, local Nusselt number Nu and local
Sherwood number Sh which can be expressed by the following:

*Corresponding Author:  [MUSTAPHA R.A. ] 27 | Page



Finite Difference Method(FDM) For Solving EYRING-Powell Fluid Flow With Thermal ..

- 1 5= a’x? G al M2 = oB2I12 R 40*T§
T upc’T 8c2(1 — at)3’ 2o ow T kkr
(16)
C 20*(1 — at v 12k
przu' Qzu' SC=—,)/=—1.
7 apC, D,, v

Substituting u and w into Egs. (2-3) and eliminating the pressure gradient, we obtain the following
dimensionless differential equation:

()
By virtue of (6), the energy equation (4) and the boundary conditions (5) take the following form
. (8)
f(0)=0,£(0)—Bf"(0) =0, 6(0) —y6'(0) =0, (9a)
=2 f M+ D=0, 0(D)+yo (1) =1, (9b)

Where the respective values of squeeze number S, the Hartman number M the Prandtl number Pr the Eckert
number Ec, the dimensionless slip parameters g and y with respect to velocity and temperature, and the
dimensionless number § are

o« H? oH?B? uC, 1 o« r
S = ,M? = ,Pr=—=Ec = ( );
2v 1 k C,(Ty — Ty) \2(1—c t)
g = By _ Y1 5= HvV1—ot
Hvi—ewt! ~ Hyl-wt’ ro

The dimensionless physical quantities like skin friction coefficient and local Nusselt number can be calculated
from the following:

ou or
0zlz=nh(t) 0zl z=n(t)
Crp=—— Nu=——"7——7,
I plv(®)]? k(T —Tp)

Which is by virtue of (6) reduces to
H? , ,
Vi—o tr—zReTCfr = f'(1),Vl-«<t Nu=—-6(1),

Where R,, = 2—? is the local squeeze Reynolds number.

IV.  Discussion of Results
In this section, we present table that shows the effect of pertinent parameters on the Eyring-Powell
fluid in talk.We considered the effects of these parameters. Finite Difference method (FDM) was the numerical
method used to generate numerical results for fixed values of the parametersS,I’,§, M, R, Pr,Q,Scand y, as
shown in table 1.

Table 1. Convergence of solutionswhen S =05, =6 =y =01,M =R =Pr=Q = 1and Sc = 0.6

JiG)) 0(n) o)

n FDM FDM FDM
0 0 1.11633926 0.97112103
0.1 0.14395002 1.11514359 0.97141232
0.2 0.28555153 1.11156135 0.97228559
0.3 0.42239287 1.10560666 0.97373918
0.4 0.55193450 1.09730213 0.97577058
0.5 0.67144207 1.08667750 0.97837688
0.6 0.77791674 1.07376777 0.98155541
0.7 0.86802170 1.05861060 0.98530457
0.8 0.93800396 1.04124320 0.98962486
0.9 0.98361078 1.02169841 0.99452027
1 0.99999999 0.99999999 0.99999999
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Graphical solution of (12)-(14) when S =05, '=6§ =y =01,M=R=Pr=Q =1and Sc =0.6

V.  Conclusions
In this paper, a study on the heat and mass transfer analysis of magnetohydromagnetic (MHD) unsteady
squeezing flow of Eyring-Powell fluid through a channel with thermal radiation and heat generation/absorption,
There was a comparison between numerical results generated and existing literaturewhich shows excellent
agreement. In addition, the method in question used converges faster and this shows it’s a very efficient
numerical method. The results were tabulated. We can see that the numerical results presented from the tables in
Discussion of results section are accurate.
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