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ABSTRACT: In this research, the williamson flow with heat transfer through the tube of compliant wall properties
with slip at boundaries is analyzed analytically. An approximated theoretical model is constructed of springbacked
flexible compliant walls pipe, chosen to move as sinusoidal wave
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1. INTRODUCTION

The flow of electrically oriented fluid has a lot of applications and this science deal with many branches. In astronomy,
it helps to understand what happens in the sun, such as rotating solar spots, what happens inside other stars through their
life cycle, and geology. To reduce it in an area far from the walls of the container by magnetic fields, so that the temperature
and pressure can be increased to values close to the corresponding values within the stars and so on. Nigam and Singh [1],
have studied the effect of heat-transfer on laminar flow among parallel flakes under the impact of transverse magnetic
field. Attia and Kotb [2], have studied the heat-transfer with MHD flow of viscous fluid among two parallel flakes. The
hydro-magnetic free convection flow during a porous medium among two parallel plates was discussed by Massias et
al. [3]. Mustafa [4], Researches relevant to this type are presented in the following. Pandey and Chaube [5] investigated
the influence of flexible wall features on the couple stress fluid travelling peristaltically. Hina et al. [6] investigation
handled the wall properties impact on the wavy flow of Maxwellian liquid through duct. Radhakrishnamacharya and
Srinivasulu [7] took both effects of wall properties and heat transfer on the peristaltic transport of fluid via channel in their
study. Srinivas et al. [8] studied the influence of several variables of wall slip, magnetic field, wall properties, and heat
transfer on the wavy flow through channel. Also Srinivas et al.

2. MATHEMATICAL FORMULATION:

Let us consider the flow of a Williamson fluid in a channel of width h under the effects of electrically applied magnetic
field and radioactive heat transfer as depicted in (Fig. 2.1). Supposed that the fluid has very small electromagnetic force
produced and the electrical conductivity is small. We are considering Cartesian coordinate system such that, (u(y),0,0) is
a velocity vector in which u is the x-component of velocity and y is perpendicular to the x-axis.
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FIGURE 1. Physical model
3. BASIC EQUATIONS:
The basic equations governing for Williamson fluid are given by:
The continuity equation is given by:
ou v
W, oy (1)
ox Oy
The momentum equations are:
In the x ” direction:
ou _ou_ op Ot Oty
p(— +ul 4 —L_t) = ——l_j 2 pgB(T —Ty) - O'Bou _ Koy ()
ot ox  dy ox  Ox Ay k

In the y — direction:

a a a 6 67_- 3 6‘;* _
p(_V+u_V _V)___p —+¥—@V
ot ox 0Oy dy  0x ady k

3

The temperature equation is given by:

orT K 0*T 1 0q

I r=ar 4
ot C!’a§2 Cp 0y @

where u is the axial velocity, 7 is a fluid temperature, By is a magnetic field strength, p is a fluid density, o is a conductivity
of the fluid, B is a coefficient of volume amplification due to temperature, g is a hastening due to gravity, k is a permeability,
¢,y is a specific heat at constant pressure, K is a thermal conductivity and ¢ is a radioactive heat flux.
The temperatures at the walls of the channel are given as:
T=Toat y=0, and T=Tiat y=h (5
The radioactive heat flux [9] is given by:

X~ a2 (1, - ) ©6)

The radiation absorption denoted by 7.
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4. FLEXIBE WALL

The governing equation of motion of the flexible wall may be expressed as:

L'=P- p, )
where L* is an operator, which is used to represent the motion of stretched membrane with viscosity damping forces such
that

9 3 0
L* = —k—2 +m1—2 +C—_

Z ®)
ox ot ot

where k is the eiastic tension in the membrane, m, is the mass per unit area, C is the coefficient of viscous damping forces.
The continuity of stress at 7 = / and using momentum equation, yield:

_ - i _du _om oT. 0T ~ -
Q_L* (h) = 6_]_7 = —p(a—lf +ua—b_£ +va—’f)+ ooy 2 +pr(T—TO)—0'B3u—@u )
0x 0x ot 0x Ay 0x ay k

5. THE FUNDAMENTAL EQUATION:
The fundamental equation for Williamson fluid given by:

S=-pl+t (10)

_\—1
7= o+ Gio — )1+ T7) 14, (1)

where 1_7 is the pressure, I is the unit tensor, 7 is the extra stress tensor, I is the time constant, Heo and pg are the infinite
shear rate viscosity and zero shear rate viscosity, then ¥ is defined as:

y= \/%Z;%ﬂ’ji: \/%ﬂ (12)

Here [] is the second invariant strain tensor. We consider the fundamental Eq. (11), the case for which Iy < 1, and peo = 0.
We can write the component of extra stress tensor according to follows as:

7= wol(1+T7 )14y

(12)
Then
T =T, =T =T, = 0 (14)
P () r«})] () = o (1 + r&)] () (15)
6. METHOD OF SOLUTION:
The governing equations of the motion, we may introduce the non-dimensional conditions are as follows:
X y u T-T U ph o B
x_f,sz,u_i,gz 0’t=_7p:p_’M2=_0
h h U T] - T() h #U M
_TU _h - _h - hz _k (16)
We = 7, Txx = MO—UTX—X, Txy = @:—gv, Y= 57,2 Da = ﬁ
hU hU 4n°h h” (T, — T
ReZp—,Pe:p—Cp’sz Ui ,Grngﬁ (l 0)
u K K

uU
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where (U) is the mean flow velocity, (Da) is Darcy number, (Re) is Reynolds number, (Gr) is Grashof number, (M) is

magnetic parameter, (Pe) is the Peclet number and (N) is the radiation parameter.
Substituting the Eq. (16) into the Eq. (1-4), we have

(9u+(9v_0
dx  dy

Ou 0p 0 Ou ou , , 1
Re— =——+ —[— — 0— (M + —
eat 6x+8y[6y+we(8y)]+Gr ( +Da)u

00 00
— =— +N%
¢ o 0y? "
ka 0*(h) mia 8*(h) hCa d*(h) ou 0 Ou ou , ) 1
- =4 = —ReZ + 12 4 w2 + Gro — (M* + —
woUh 0x3 " uoUh 620x * uolU 01dx “or * Oy[ﬁy * We(ay) 1+Gro=(M"+ Da)u
0* (h) 0* (h) 0% (h) ou 0 Ou ou , ) 1
_F F =R L& ) 4 Gro- (M? + —
""ox3 * 2 0rx T 0tdx “or * By[ay +We((9y) 1+Gro = (M + Da)u

Fi = ka _ ma _ hCa
U= 3Un > 52 = pUn > 53 7 U . .
Now, we solve the temperature Eq. (19) with boundary conditions

00)=0, 6(1)=1
Let
0, 1) = Op(y)e”
The frequency of the oscillation denoted by w.

Substituting the Eq. (23) into the Eq. (19), we have

0 ; 2 . )
Pe Ewo(y)e’“f) = a—yz(Qo(y)é’lM) + N*(6p(y)e™)

%6,

5t (N? - iwPe)6y = 0

The solution of Eq. (24), is:

bo (v) = csc()sin(ey)
where ¢ = VN? — iwPe .

Hence
iwt

0 (y,1) = csc(p)sin(py)e

The solution of Eq. (21), is:

u=B/A+ {=(B/(A (1)} + {=((B)/(A (1))} + S * (1/A{=((B)/((1+))) + (B)/((1+)H-((B )/(1+))

—(B)/(1)12 + (=(({=((B)/C (1) + (B)/( (1+)H=((B)/(1+)) = (B )/(1+)}2)/(A (1+))))
+ (=1/(A (1) {=((B)/((1+) + (B)/((1+NH=((B)/(1+)) = (B )/(1+)}2))

Where
B = Gr = (Csc[]) Sin[ y]
A=M2+Re+1/Da
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7. RESULTS AND DISCUSSION:

We discuss the influence of heat transfer on the Magneto hydrodynamics oscillatory flow of Williamson fluid through
a porous medium. Numerical assessments of analytical results and some of the graphically significant results are pre-
sented in figures (2-12). We use the (MATHEMATICA-12) program to find the numerical results and illustrations. The
momentum equation is resolved by using perturbation technique and all the results are discussed graphically.

The velocity profile of Poiseuille flow is shown in figures (2-9). (Fig.2) shows the velocity profile u decreases with
the increasing S . (Fig.3) illustrates the influence Gr on the velocity profiles function u vs. y. It is found by the increasing
Gr the velocity profiles function u increase. (Fig.4) shows that velocity profile u rising up by the increasing influence the
parameter Da. (Fig.5) shows that velocity profiles decreases with the increase of the parameters Pe. (Fig.6) shows that
velocity profiles decreases with the increase of the parameters Re. (Fig.7) shows the velocity profile u increases by the
increasing M. (Fig.8) shows that velocity profiles decreases with the increase of the parameters W. (Fig. 9) shows that
velocity profiles increasing with the increase of the parameters N.

Based on equation (26), (Fig.10) show that influence of N on the temperature function 6. The temperature increases
with the increase in N. (Fig.11 we observed that the influence Pe in temperature 6 by the increasing Pe then 6 increases.
(Fig.12 show us that with the increasing of w the temperature 6 decreases.

FIGURE 3. Velocity profile for Gr with Da=1,M=1,W=1,1=1,Re=1,N=125 M =1,Pe=2,§ =0.5,t=0.5
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FIGURE 4. Velocity profile for Da with M =1, W =1,A=1,Re=1,N=125 M=1,Pe=2,Gr=2,5§ =05,t =05 ..
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FIGURE 5. Velocity profile for Pe with Da=1,M =1,W=1,A=1,Re=1,N=125, M=1,Gr=2,§ =0.5,t=05 ..

FIGURE 6. Velocity profile for Re with Da =1, M =1,W=1,1=1,N=125 M=1,Pe=2,Gr=2,§ =0.5,t=05 ..
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FIGURE 7. Velocity profile for M with Da =1,W=1,1=1,Re=1,N=125 M=1,Pe=2,Gr=2,8§ =0.5,1=0.5 ..
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FIGURE 8. Velocity profile for W with Da=1,M =1,A=1,Re=1,N=125 M =1,Pe=2,Gr=2,§ =05,t=0.5 ..

ais

an

as

am

FIGURE 9. Velocity profile for N with Da=1,M =1,W=1,1=1,Re=1, M=1,Pe=2,Gr=2,5 =05,t =05 ..
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FIGURE 10. Influence of N on Temperature 6 for w = 1, Pe = 0.7, = 0.5

FIGURE 11. Influence of Pe on Temperature 6 for r = 0.5, N = 1,w =1

ao az a4 a6 a8 1.0

FIGURE 12. Influence of w on Temperature 6 for t = 0.5, N =1, Pe = 0.7
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8.

CONCLUDING REMARKS:

We discuss the influence of heat transfer on magnetohydrodynamics oscillatory flow of Williamson fluid through

a porous medium. The perturbation technique for the two kinds of flow Poiseuille flow and Couette flow. We found
the velocity and temperature are analytical. We used different values to finding the results of pertinent parameters,
namely Darcy number (Da), Reynolds number (Re), Peclet number (Pe), magnetic parameter (M), Grashof number (Gr),
Weissenberg number (We), frequency of the oscillation (w) and radiation parameter (N) for the velocity and temperature.

w

The key points are:

e The velocity profiles were increased by the increasing Re, N, Da, A and Gr for both the Poiseuille and Couette flow.
e The velocity profiles decrease with the increasing w and M for both the Poiseuille and Couette flow.

e We show that by increasing N and Pe the temperature increasing 6 and the temperature 6 decreases with the increasing
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