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Abstract

A mathematical model was created to study the influences of Hall current and
Joule heating with wall slip conditions on peristaltic motion of Rabinowitsch fluid
model through a tapered symmetric channel with Permeable Walls. The governing
equations are simplified under low Reynolds number and the long-wavelength
approximations. The perturbation method is used to solve the momentum equation.
The physiological phenomena are studied for a certain set of pertinent parameters.
The effects offered here show that the presence of the hall parameter, coefficient of
pseudo-plasticity, and Hartman number impact the flow of the fluid model.
Additional, study reveals that a height in the Hall parameter and the velocity slip
parameter increases the trapping bolus's apparition. Furthermore, the magnitude of
the trapped bolus can be reduced by enhancing the magnetic field.

Keywords: Hall current, Joule heating, Permeable Walls, non-Newtonian fluid, slip
conditions, Peristalsis.
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1. Introduction

The fluid movement due to a contraction wave travelling along flexible walls is called
peristaltic motion. Peristalsis is one of the most important phenomena of transport
mechanisms in many biological systems. In special, the peristaltic phenomenon is important
to include the transfer of urine and food through the urinary tract and digestive system,
respectively, the movement of the ovum through the fallopian canal and the flow of blood in
the little blood vessels. Moreover, this mechanism is involved in designing many biological
instruments such as blood pump machines, heart-lung machines, finger pumps, roller pumps
and dialysis machines. Many studies on the peristaltic flow of Newtonian and non-Newtonian
fluids under the suppositions of Reynolds number and low long-wavelength have been
presented in the literature. Some investigations on this topic have been recorded in [1, 2, 3, 4,
5].

Because of their many applications in science and technology, non-Newtonian fluids are
currently an important topic. The Rabinowitsch model, which has proven significant for
understanding the rheological behavior of biological fluids, has been used to characterize
rheological behavior in non-Newtonian fluids. Since it is cubic stress. It also exhibits the
characteristics of shear-thinning like blood, Ketchup, and whipped cream. The importance of
the model lies in the three main classifications of the various values for the Pseudo-plastic
parameter Y for Y = 0, it represents a Newtonian fluid, for Y < 0, it represents a shear
thickening fluid and for Y > 0, it represents a shear-thinning fluid. The experiential
effectiveness of this model was presented by Wada and Hayashi[ [6]The Rabinowitsch fluid
transfer under the peristaltic mechanism was scouted by Akbar and Nadeem [7]. Sing et al.
[8] examined the Rabinowitsch fluid model in an elastic peristaltic tube for homogeneous-
heterogeneous reactions. Furthermore, studies in the peristaltic mechanism of the
Rabinowitsch fluid type can be collected in Refs. [9, 10, 11].

The magnetic field in peristaltic transport has acquired considerable interest due to its
variety of comprehensive applications in problems connected with conductive physiological
fluids, biomedical engineering, and industry. Such as cell separation, power generators, and
cancer tumor treatment. Several related literary works on magnetohydrodynamic on the
peristaltic transport [12, 13, 14, 15]. Moreover, the effect of the Hall current cannot be
ignored while the electron-atom collision frequency is small or a high magnetic field is
considered to be applied. Recent investigations characterizing the Hall influence can be seen
through the studies [16, 17, 18].

The current investigation is assisting in filling this gap, we investigate the impact of Hall
current and Joule heating into the peristaltic motion of Rabinowitsch fluid in a tapered
symmetric porous channel. The problem was formulated by considering wall slip impacts.
The governing equations are simplified by assuming the lubrication approach. To determine
the solution to the velocity and stream function, the perturbation method is used. Results are
analyzed via graphs. Variations of the said quantities with dissimilar parameters are computed
by using MATHEMATICA 11 software.

2. Modeling

Investigate incompressible viscous fluid peristaltic flow in the symmetric tapered porous
channel with a width of 2d. Assumed that is a magnetic field B,. A sinusoidal wave traveling
along the axial direction of the channel with ¢ (constant velocity) induces flow, see
illustration (Figure 1). Additionally, the thermal effects of Hall and Joule are taken into
account. The representation of peristaltic waves on the walls as:

Z_=H()?,t_)=d+l_)?+e_sin27n()?—ct_) 1)
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Figure 1: Physical Model

Where € represents the wave amplitude, (I < 1) represents the non-uniform
parameters, t represents the time and X represents the direction of wave propagation.
The basic equations of the problem for unsteady flow can be written as:

aUu . ov
axtor = 0 @
a0 =00 =00 P . 3Syy = 95y oB2 — _
p(E+Uﬁ+Vﬁ)=—§+ S Bxr 4 S804 mP) 3)
oV | =0V , -0V\ _ 0P  0Syz  0Syy  oBE —
(af + Ua)? + a?) T oy + ax + Y  1+m?2 v+ mU) (4)
T =0T =aT v oB2
PCp (E tURT Vﬁ) - (ax2 + aYZ) + (Syy = SXX) + SXY( 59 t oz U* +
7?) ®)
aC  =0C | =9C\ _ 9*C DKt ﬁ ﬁ
(E + Uﬁ + Va_l?) =D, (ax2 + ayz) + Tm ~0X2 + av?2 (6)

Where p the density of the fluid, U,V are the axial velocity and transverse velocity,
respectively. P,T,C, By, m, o, ¢p K, Ty, Kr and D,,, denote the pressure, the temperature, the
concentration, the magnetic field, the Hall parameter, the electrical conductivity, the specific
heat at the constant pressure, thermal conductivity, the mean temperature, the thermal-
diffusion ratio and the coefficient of mass diffusivity, respectively.

The extra stress tensor S is described by [19] as follows:

= =& aU
Sxr + Y Sz = noz (7)

In the above equation, Y is the Pseudo-plasticity coefficient and yu is the dynamic viscosity.
To normalize the equations governing the flow problem, define the following non-

dimensional quantities.
X Y ct

\/%dBO, hzg, ng,ezg,Sczi,Srz%&g"), EC:C:ZTO,Re:pﬂLd,SU =
‘%”,Pr_”cp Br = Ec.Pr @
Where , y are the non-dimensional axial coordinate and transverse coordinate,

respectively. t is the non-dimensional time,p is the non-dimensional pressure, § is the
wavenumber, u,v are the non-dimensional axial and transverse velocity components,

5404



Kareem and Abdulhadi Iragi Journal of Science, 2022, Vol. 63, No. 12, pp: 5402-5412

respectively. The Re is the Reynolds number, S;; is the non-dimensional shear stress, Y the is
non-dimensional coefficient of pseudo-plasticity, & denotes the non-dimensional
temperature, ¢ represents the non-dimensional concentration, Sc is the Schmidt number, H is
the Hartman number, h is the non-dimensional transverse wall displacement, Sr is the Soret
number, Ec the Eckert number, B. is the Prandtl and Br is the Birnkman number.

To proceed will employ Eq. (8) in Egs. (2)-(7),

du  dv
85+, =0 )
ou  ou_ 0w\ _ _0p <0 Oy  _H
Re6(at+uax+vay)— 8x+68x+6y+1+ 2( u + mv) (10)
3(0v | v dv\ _ ) asyx 3Syy
Red (at+uax+vy) +6 +6 3y Tem 2(v+mu) (11)
ReP.8 (g + u% +v zz) 8 —— o 9 + e BrS(Sxx Syy) g—z + SyyBr (Z—z + 82 %) +
HZBT 2 2
oz (ut+v%) 2 (12)
Resca(%+u%+v%)=623xf+—"’+s 5c52 S+ 5srsc2 (13)
And
a2 ]
()Sxy + (dfz“zﬂ S =15, (14)
Deflnlng the stream function by
_, _ _s%%
u—ayv— 663/ (15)

By using the relationship between the velocity and stream function. After some
simplification and applying the assumption of low Reynolds number and long wavelength, the
problem becomes

_0p, xy | H (09 _
0x + ay 1+m?2 (ay) =0 (16)
op _
5 =0 7)
92 v HBr (0y z
_+ Br Sxy dy2 1+m2 (5) =0 (18)
62
a—yZ+SCST'a—y2—0 (19)
With
Sey + Y% =% al (20)
The non-dimensional boundary conditions are provided by [10].
o _ _q_vbadty _ _
o= 170 at y=h Y
9+513—i=o at y=h (22)
¢+a16($ 0 at y=h (23)
%y _n 99 _ _
P 01,[)—0——0,6 =0 aty=0 (24)

Where Da and £ the dimensionless permeability parameter and the slip velocity at the
nominal surface respectively. The first boundary condition is following Saffman [20] which
is a developed condition to the Beavers and Joseph slip condition. 8; and a, represent the
dimensionless thermal and concentration slip parameters. With the dimensionless formula of
the channel wall is
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z=h=1+Ix+esin2n(x —t) (25)
Because the governing boundary value issue can be solved exactly, one can write that using
integrating equation (16) and boundary condition (24).

] H?
Sey =52V + = (26)
Now, employing Eq. (26) in Eq. (20), we obtain the following
op H? 3 a7y
Ey 1+m21'[)+Y ( y+1+m2¢) _W (27)
Where can be found by using the volumetric flux
The dimensionless time-averaged flux Q across one wavelength is
2
F=[ [ yu-1dxdy =Q+1+5% (29)

3. Solution methodology
Eq.(27) is hard to be solved exactly. Thus perturbation technique is applied to find series
of solutions for the small parameters. By perturbation, the stream function ¥ about
Rabinowitsch fluid. Using the following expansion to Y.
¥ =10+ Yih + 0(Y?) (30)
3.1. Zeroth-order

The resulting zeroth-order system has the form
6p HZ azlpo

ox ez Yo = ay? (3D
Associated with the boundary conditions
0o _ . VDad*P, _ —
ﬁ =-1 5 0y =0 at y = h (32)
9%y _ _
2 0 aty= (33)

3.2. First-order

(sio) 1+ (3)'v* +3 (5250) (3) own + 3 () ()i + (i) i = o

Associated with the boundary conditions
oY1 _  VDad*Py _ _
E = 3 _6y2 =0 at y=h (35)

2
66_;1)21 =0 aty=0 (36)
By solving the zero and first-order systems using the Mathematica program, the final solution
stream function is given as
e_ﬁ;,( —vVDaeV™npy+VDae?WnHVnypny,y )
eVnppeVn+t2vnyppieVnpyp_ohVnt2vny pyp_oVnypy gt e2Vntvnyyyp

Yo= (—1+e2h\/ﬁ)n(\/D_an+B) 37)
_ 1 —Vnyp3 hvn., 4 3hVn., 4
=— e —9vDae™"n* + 18vDae n* —

s 8(—1+eh\/ﬁ)4(1+eh\/ﬁ)4n(\/mn+[>’)4 p

18VDae3"™n* 4+ 9yDae”™n* — ... (38)

The temperature and concentration expression are obtained by solving equations (18) and (19)
with boundary conditions (22)-(24)

6 = (12e2Yy*(BrDae®™"n10B6k2 — 2BrDae®™™n10B6k2 4+ BrpaetomVnpl0p6,2

6BrDae™mhnopBoK? + ... (39)
¢ = —((12e*Yy*(BrDae®"™"n10ScSrpok? — 2BrDaet™™n10ScSrpok? +

BrDae®"nn10§cSrR6k? — 6BrDae®™ M hn®pScSrpoi? + --- (40)
Where n = 1:1;2
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4. Results and discussion

The major purpose of this part is study the impact of various physical parameters on
velocity, temperature, concentration, and trapping. Consequently, the graphical outcomes are
numerically acquired in Mathematica software. The suitable physical illustrations are shown
in this section. Figure 2 is schemed to see the influence of Y,m,H, and Da on velocity
distribution. The dependence of the coefficient of pseudo-plasticity on the axial velocity is
shown in Figure 2(a). It is evident from Figure 2(a) effect of the parameter Y to the sides of
the channel, increases the axial velocity in this region, while it decreases in the core region.
Figure 2(b) shows the growing influence of velocity distribution for rising Hall parameter m.
Actually, with an increased Hall parameter, the effective conductivity declines. So, it reasons
a reduction in magnetic force and thus velocity distribution improves. Figure 2(c) describes
Hartman number H's effects on the velocity distribution. The attained results show axial
velocity reduced in the center channel and raise near the channel walls with the rise in the
value of H. Physically, this is because increases Lorentz force reductions the velocity. It is
also noticed from Figure 2(d), decreasing behavior of axial velocity with the permeability
parameter Da increases.

The response of temperature toward inserted parameters is highlighted in Figure 3. The
influence of the Brinkman number Br on temperature distribution is depicted in Figure 3(a).
When the Br is increased, it is obvious that the temperature rises. This impact is caused by
more viscous dissipation, which generates more heat and hence causes a temperature increase.
Axial temperature declines as we grow Hartman number H (see Figure 3(b)). As seen in
Figure 3(c), raising the value of the thermal slip parameter ; reduces the temperature
distribution. In Figure 3(d), the Hall parameter m exhibits the reverse behavior. When m is
increased, there is a minor increase in the maximum temperature value. The result
demonstrates that m resists the fluid change caused by an increase in the applied magnetic
field strength.
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Figure -2 Influence of () Y (b)m (c)H (d) Da on velocity with fixed values of (F =
0.56=01,Y=01x=0.2,t=0.2,1=0.1)
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Figure 4 is plotted to highlight the influence of the Br,Sc,Sr, and H on the axial
concentration. The reliance of concentration profile on Br and Sc are respectively described
in Figures 4(a) and 4(b). The growing values of Brinkman number Br and Schmidt number
Sc result in a decrease in concentration profile. Moreover, we look at Figures 4(c) and (d) to
notice the influence of Soret number Sr and Hartman number H on the concentration profile.
From these graphs, we observe that concentration diminishes with increasing Sr, but raises
when we increase the effects of H.
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Figure 3: Influence of (a) Br (b) H (c) B, (d) m on temperature with fixed values of (F =
0.5e=01,Y=0.1,Da=0.01,=05m=02,x=02,t=02101=0.1)
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Figure 4: Influence of in (a) Br (b) Sc (c) Sr (d) H on concentration with fixed values of
(F=0.5,6=0.1,Y=0.1,Da=0.02, =05m=0.2,x=0.2,t=0.2,1l=0.1).

Trapping is an interesting phenomenon that denotes closed circulating streamlines that is at
every elevated flow rate and when clogging up are very great. The influence of the velocity
slip parameter S increases the trapped bolus size and number (Figure 5). It can be visualized
from Figure 6 that when the coefficient of pseudo-plasticity Y rises, the number of trapping
decreases. Figure 7 shows that when the Hartman number H rises, the number and size of
trapped bolus reduces. Because the Lorentz force opposes fluid flow and hence reduces fluid
velocity, we note that bolus development can be avoided by adjusting the applied magnetic
field's force. Further, Figure 8 depicts the impact of the Hall parameter m on the trapped
bolus. A rise in m increases the size of the trapped bolus in this case.

1.0] 1.0f

0.0 05 10 15 2.0

@) (b)
Figure 5: Influence of (a) § =5 (b) f = 7 on Stream function with fixed values of (F =
0.5€=02Y=03Da=04H=01m=02,t=0.71=0.1)
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(@) (b)
Figure 6: Influence of (a) Y=0.3 (b) Y =0.7 on Stream function with fixed values
of (F=05€=02Da=04=4H=01m=02t=0.71=0.1)

(a) (b)
Figure 7: Influence of (a) H = 0.1 (b) H = 1 on Stream function with fixed values of (F =
0.5,=02Y=03,Da=04p=5m=021t=0.71=0.1)

@) (b)
Figure 8: Influence of (a) m = 0.1 (b) m = 5 on Stream function with fixed values of (F =
0.5, =02Y=03,Da=04p=6H=01,t=071=0.1)
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5. Conclusions

Influences of slip condition at the wall, the Hall current, and the Joule heating on the
peristaltic influx through a tapered symmetric channel with permeable walls are studied
analytically. From the aforementioned discussion, we deduce the following interesting
observations:
e With an increase in the coefficient of pseudo-plasticity Y, Hartman number H, and
permeability parameter Da , there is a reduction in velocity u at the middle region of the
channel. While a raise in Hall parameter m increases the velocity distribution.
e The absolute value of temperature improves with the growth of Brinkman number Br.
Moreover, the temperature reductions with both of raising Hartman number H and thermal
slip parameter £;.
e An enhancement in Brinkman numbers Br,Sc, and Sr causes reduce in concentration
profile. However, higher values of H show an increment in concentration distribution.
e By increasing the coefficient pseudo-plasticity Y and Hartman number H, the number and
size of trapped bolus are reduced. In addition, as the Hall parameter m and the velocity slip
parameter S increase, the trapped bolus shifts to the right and grows in size.
e It is worth noting that our work is an extension of Hasen and Abdulhadi's [9] study, in
which they investigated the effect of Soret and Dufour on Rabinowitsch Fluid flow, whereas
we extended the research to investigate the effect of Heat and Mass as well as Hall and Joule
Heating in a tapered Channel with Permeable Walls.
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