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Abstract:

In this paper, the Magnetohydrodynamic (MHD) for Williamson fluid with varying temperature and
concentration in an inclined channel with variable viscosity has been examined. The perturbation technique
in terms of the Weissenberg number (We « 1) to obtain explicit forms for the velocity field has been used.
All the solutions of physical parameters of the Darcy parameter(Da), Reynolds number(Re), Peclet number
(Pe) and Magnetic parameter (M) are discussed under the different values as shown in plots.
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Introduction: There are several studies in the scientific works
In physiology, the Non-Newtonian fluids that ~ on fluid movement in the channel, for example; the
modify their consistency in line with the forces they =~ movement of Williamson fluid for two types
managed. The molecule mixture traps them in situ, (Poiseuille flow and Couette flow) in an inclined
nevertheless, the opposite section assumes that  channel dependent on the viscosity studied by
hanging these substances expels fluids from the  Nadeemetal. (3) in (2015).
colloids and pushes them nearer along and hardens. In (2016) the effect of temperature on (MHD)
However, a recent analysis has tested each for Jeffrey liquid with flexible viscosity model in to
assumption. The thickness of this liquid depends porous channel was considered by Al-Khafajy (4).

primarily on the friction between its molecules and ~In (2017)_ Jassim (5) studied the eff(_ects_ of
hydraulics forces that play a role for the chemical Williamson fluid of wall tapered and magnetic field
process once the mixture becomes less dense. on peristaltic movement in an inclined channel. In

This classic model includes an accurate benefit ~ (2014) the flexible viscosi_ty flows in c_hannel V\{ith
over non-Newtonian fluids, because it is derived great temperature generation was studied by Ting
from the kinetic theory of gases and not from the  (6).

interactions of inquiry. Formulating flows of newly In (2017) Immaculate et al. (7) discussed the
established materials such as black lead residue and ~ Williamson Nano-fluid with unsteady flow MHD in
glycerol may be common. a porous channel and oscillating wall temperature to

In (2016) some necessary contributions may be ~ solve the momentum equations by using the
mentioned by Bhatti et al. (0). In (2018) the  homotopy analysis method.
Swedish engineer Alexander, initiated the study of This study aims to employ a series of
Magneto hydrodynamic (MHD) (2). perturbation method to fix the issue of an elevated
Viscosity is a fluid's inner asset that has flow medium with variable viscosity for the impact of
stability. Consistency could also be a fundamental =~ (MHD) of Williamson fluid with varying
fluid property that is essential in some respects as  temperature and concentration.
used in fossil fuel, industrial chemistry, packaging
and writing, meat and drink, engineering, energy, ~ Formulation of the problem
and environment, etc. Consistency is regarded as a  Let us consider the flow for Magneto hydrodynamic
performance of either temperature or strain in (MHD) of Williamson fluid with varying
natural science. temperature and concentration in an inclined

channel with variable viscosity and at height (a)
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(Fig.1). Consider the Cartesian Coordinates system
is considered such that (u(y, t), 0,0) is velocity
vector in which u is the x-component of velocity
and y is perpendicular to x-axis.

Figure 1. Geometry of the problem

The Williamson fluid governing equations are (8):
S=-pl+7
1)
1A,
)

where u. is the infinite shear rate viscosity,
Uo = u(T) , T is the time constant, I is the unit
tensor, p is the pressure and T is the extra stress
tensor,. Then y is given by:

Y= / XiXjVij¥ji = \/7and

=tr(A)% A, = VW + (V)T (3)
The Williamson fluid extra stress tensor as follows:

T = [Hoo + (Mo = Hoo) (1 +TY)™

T=u(M[(A +Ty)]A, 4
The momentum, temperature and concentration
equations are given by:

du _ou _o0u 0p . 0Tz ., OTxy
p(E+at+po) =2y Tmy By
at ay

% % = 0% ay
pgBr(T — Tp)Sin(a) + pgBc(C — Co)Sin(a) —

oBZSin?(a)u — %ﬁ + pg Sin(6) (5)
or _ K 9°T _ 1 0q _H _

Fin Eﬁ oG,y (T Ty)  (6)
ac _ DKy 92T
E=DTi-KiC- cz)+ sl

The stress variable viscosity for Williamson fluid is:
Ty = k(DIA+ TP () (8)

where (u) is the axial velocity, (g) is the
acceleration due to gravity, (o) is the electrical
conductivity, (p) is the density of the fluid, (B,) is
the strength of the magnetic field, (T,C) are
temperature and is the concentration, (K) is thermal
conductivity, (Qy) is heat generation, (D) is the
coefficient of mass diffusivity (C,) is specific heat
at constant pressure and (Kr) is the thermal
diffusion ratio.

The corresponding boundary conditions are given

below:

ﬁ:0,T=T0,C=COat}7=O} 9
u=0T=T,,C=C,aty=a 9)
2L = 4b(Ty =T (10)

where (b) is the radiation absorption and (q) is the
radioactive heat flux. The non-dimensional
conditions are as follows (8):

_f_’y—z =E’g=ﬂ' =ﬁ_a'pe=%’1v2=ﬂ
a a U Tyw—To uu K
T U — — . - C—-C
#(9) ﬂ( ) We - Ty = LUTW'TX}’ = LUTW’Y = %Y!CD = c _g
0 0 w 0 11)
K aky R an Da = * Gr = pgBra*(T-To) _ DKr(Tw—-To) ( (
LT ’ T = uu T T UTh(Cy—Co)
Fr=l’ 2 =UBOa ;SC =E ,R =4a2a2,Q =QHa2,GC =prCa2(T_TO)
ga u D K K uu J
where (U) is the mean flow velocity, (S.) is the d(0(Tw=To)+To)) _ _k 0%(8(Tw—To)+To)) _
Schmidt number, (S,) is the Soret number, (T,,) is 5ot ~ pCp a?dy?
the mean temperature, (Q) is the heat generation 1 ) %
parameter and (G.) is Solutal Grashof number. By _4b (To—T)+ oCp (T —To) (13)
substituting equation (10) and (11) into equations 6(¢(Cw—co)+co) Uh0%(®(C1=C5)+C)
(5), (6), (7), (8), take following form: Sot s a?dy?
kolU KoUqo
uo ¢ a —Cp) +Cy) —Cp) +
pﬂ—uz— y+pgﬁT(Tw_ w 0) 0) 0)
ot hdx DK 82(8(Tyy—To)+To)) (14)
Ty) Sin(a)6 + pgﬂC(CW — Cy)Sin(a)® — T a?dy?
where 7., =0,7,, =0,

oBZSin?(a)Uu — Wu + pg Sin(86) (12)

Ty = 1(0) [(1 + FZ—;) g—l;.

Therefore the non-dimensional equations are:
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ou u
Re St ==L+ (o) 5+ we (557]) +
Gré sin(a) + Ge® sin(a) — (M1 + @) u+
Re .
E sin(8) 2 (15)
Pe %:ﬂ+(R+Q)9 (16)
0> 1 9%
E S—Ca—yZ—KCD+ST— (17)

where MZ = M Sin?(a).
With the boundary conditions:

u(0) =0, 8(0) =0, d(0)=0aty =0 18
u(1) =0, 01 =1, &(1)=1laty= 1} (18)
To solve equations (16) and (18), let

0(y,t) = 0p(y)e'®* (19)

(w) Is the frequency of the oscillation. Substituting
equation (19) into equation (16), can be written as:

2%6 i

ayzf +(R+Q — iwPe)d; =0 (20)
The solution of equation (20) is:

8¢ (y) = Csc(4) Sin(Ay) (21)

where A = /R + Q — iwPe
Now, the solution of equations (17) and (20), will
be discussed. Let
D(y,t) = Op(y)e'" (22)
Substituting the equations (22) and (21) into the
equation (17),
o
0y?
The solution of equation (23), |s
Qs (y) =

By VB (A+B+A(STSC))
e\/_y( (A+B)(-1+e2VE) )+
VB (_ eVB(A+B+A(STSc))

(A+B)(-1+e2VB)

=0 (23)

A(STSc)Csc[VA]Sin[VAy]
A+B

) —
(24)
where B = /Sc(K, + iw).
Solution of the problem

To solve equation (15), with the boundary

conditions (18), let
dp
e
u,t) = up(y)e
where (1) is a real constant.
The Reynold's model and variation of viscosity
with temperature is defined as (9):
u(6) = e
by Maclaurin Series:
u@)=1-—n0 n<<1 (28)
By substituting equation (28) into equation
(15). It follows that:

ou _ dp 9 _ ou au
Red = ~oxtay (-G + W1< 9) )+
e .
Grop + Gedp +— Sin(8) — (M1 ( DZ )) u
(29)

= leiwt (25)

(26)

iwt

(27)
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The " perturbation technique” was used to solve the
equation (28), as follows (10):
Ur = Ugg + Weug; + We?ug, + 0(We?) (30)

By substituting equation (30) into equation (29)
with (18), which equalizes the powers of (We):

i . Zeros-order system (We®)
Re oo — — 24 Gréy + Gedy + == Sin(8) —

(1 9)
Dn )u00+(1 779)

(31)
Upo(0) = upe(1) =0

at
(m? +

6 uOO

(32)

ii . First-order system (Wel)
Re o1 — _ (M12 a- ne)) uor + (1 —n6) -3

at
2(1 - o) [Peee Tt (33)

up1(0) = u01(1) =0

a2 u01

(34)

iii . Second-order system (We?)

d (1-n6) 92
Re g:z = —(M12 n )uoz +(1-n6) u"z
_ 6u006 Up1 6u016 Upo
2(1 — o) o + o Pt
35

Ug2(0) = up2(1) =0 (36)
Results and discussion

The effect of (MHD) for Williamson fluid
with varying temperature and concentration in an
inclined channel with variable viscosity were
discussed. Numerical assessments of analytical
consequences and some of the graphically important
effects obtained are shown in Figures 2-25. The
numerical calculations have been performed using
(Mathematical ver.11) using the set of values:
Fr=1L,w=1R=20Q=2"Pe=07a=
%,Sr =0.1,K, = 0.5,Sc = 0.6,M = 1,Re =
1,6r=1,6c=1,Da=081=186=2,W
0.05,t = 0.5.

Figure 2 shows that the velocity distribution u
decreases with the increasing of w. Figure 3
displays the effect M on the velocity distribution
function. By increasing M the velocity distribution
decreases. Figure 4 illustrates that wvelocity
distribution  increases  with  increasing the
considerations Da. Figure 5 and 6 illustrate the
effect Gr and Gc, on the velocity distribution. It has
been observed that by the increasing Gr and Gc the
velocity distribution function u increases. Figure 7
shows that the velocity distribution u is rising up by
increasing the effect of the consideration R. Figure
8 illustrates that velocity distribution increases with
increasing the considerations Q.

e =
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Figure 9 shows the velocity distribution u
decreases with increasing K,.. Figure 10 shows the
effect of the parameter of A. By increasing A,
velocity distribution u rises up. Figure 11 displays
the velocity distribution u increases with increasing
Re. Figure 12 shows the velocity distribution u
increases with the increasing a. Figure 13 shows
that by increasing the & then velocity distribution u
increases. Figure 14 displays that with increasing
Sc, velocity distribution u decreases. Figure 15
shows that velocity distribution u decreases with
increasing Sr. Figure 16 displays that increasing Fr,
velocity distribution u decreases.

Figure 17 illustrates that the temperature
increases with increasing R. Figure 18 shows that
the effect Q on temperature 9, that 6 increases by
increasing Q. Figure 19 shows us that temperature 6
decreases with increasing w .

The concentration field is shown in Figs. 20 -
25. Figure 20 shows that with increasing Sr, the
concentration field & decreases. By Fig.21, it is
observed that the effect frequency of the oscillation
w on concentration field & by increasing w, which
leads to @ decreases.

From Fig.22 and 23 it is noted that by increasing
each of parameters K, and Sc then

@ decreases. With increasing R, then concentration
field @ decreases in Fig.24. In Fig.25, it is clear that
by increasing @, the concentration field @
decreases.
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Figure 3. Influence of M on u.
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Conclusion:

The (MHD) oscillatory flow for Williamson
fluid with varying temperature and concentration in
an inclined channel with variable viscosity are
investigated. It is confirmed that the velocity field,
concentration profile and temperature analyzed by
using the perturbation method is adequate to solve
the problem. Different sets of values have been
employed to tackle the problem. The conclusions
that can be drawn are:

By increasing the Re, A, Da,Q,Gc, 5, @, R and
Gr the velocity distribution increases.

When increasing the M, w,Sc,Sr,Fr and K,
the velocity distribution decreases.

The concentration profile decreases
increasing w, K., Sr,Sc, Q and R.

It is observed that by increasing R and Q the
temperature increases, while, by increasing w
the temperature decreases 6.
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