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Abstract: This study analyzes the flow phenomena of Bingham fluid (constant viscosity) in a
flexible-walled magnetohydrodynamic (MHD) that occurs through magnetic field effects. Here,
we consider flow in the presence of heat and its critical dependence on wall elasticity. The
governing equations of the system were solved analytically for partial differential equations. The
curves were drawn, and the effect of various parameters was illustrated as well as an analysis of
fluid velocity and motion by Mathematica (version 12).
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1. Introduction

32 Electromagnostic fluid dynamics has numerabler appliCatioilS in the various cn
anengmeerig applications such as RefrMBeraGmagnbthvdrodinama'ic Plasma
gonesrators and Me. 21k of ef! FechtfmOfricton tttmtffrictwf fflct ifm and hetttranesfe r
adifloat to c the bounda n ' layer oneU) the V place where = the flutdcomesin contact with
a soli d surfa~ceX management in fluid dYrlall\ \ \ \ ecs [ --il]. Fluid property i.e., viscosity)
is a significant physical parameter in petroleum products (crude oils and lubricants due to
their wide range of applications and also for engineering results, particularly in flow
computations. The flow in porous media under temperature field effects is increasingly
attracting attentions and has significant implications and applications to other areas of
applied sciences, such as geophysics and engineering. Finally but of course not least, such
a flow in sediments is also o f practical interest — as e.g. flow through packed layers,
sedimentation,,c pollution and towards centifugal filtration. In the same vein, a research
[2] focused on the asymmetric conical channel and also took into account worm-like flow
of non-minimal aBingham fluid in presence of variable viscosity [4]. has studied the
impedance of concentration/pulse with oscillating eect on ow Reynold viscous MHD by
wateranimal in porous medium and tentancicn layer, while [4] researched pressure
gradient on climents eld at wedge ow through slip conditions inclined channel. There are
also some works like [5] on Bingham flow in convergent channel with magnetic field and
on blood flow to microvasculature [6], [7], [8]. have also studied the general behavior o f
the wall collected and [9], applied to nanofluid flow in an inclined ¢ hannel of small cross
2Problem Formulation Consider unsteady laminar flo w of a nanofluid along a infinite
vertical p late with ultra slim configuration (=01, <uv)ov A B Vu AcFigl Configuration
o f an inclined channel Emphasis on either growth by which significant di rects from
elongation, contraction or lack thereof. Furthermore, the worm-like motion of the fluid was
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also studied( 10 ), ( 11 ) based on power law for particles in tubes with porosity. Our aim
un this work is to establish themathemattical model to study the analytical effect of
oscilloting sliding flow of aVuid influence by amagneticeld (MHD) througth an inclined
channel of varivel viscocity constant -vicosity Binghamvfluid having heat difference. The
solutions of the model are achieved by the mathematical perturbation approach and
effects of different physical parameters on results through graphs are examined.

2. Materials and Methods

Mathematical Formulation.

This study investigates the peristaltic flow of the incompresseible aBingham fluid in an elastic
channel. Sine waves propagate at constant velocity (c) a long a channel walls, inducing this flow

¢ > Hix,t) 15 the wall

a (o

Fig. geometry of problem.

The wall a deformation is given by:
H(i,t_)=—5coszg(2—cf)+a 1)

The system is described using the following symbols: h for the transferse avibration of
the wall, ¥ for the axial coordinates,  for time, @ at the channel's half-width point, a for the
wave amplitud, 4 for a wavelength, and c for the wave propagation velocity.
Basic Equations.
The behavior of the system is described by the following set of equations:

L ou | 9v

The cont. eq. is given: a—; + a—; =0 (2)

The momeentum eqs. are:

a__
x_direcetion:p ( +aZ Frl _au) = ZZ + j—;y — oB¢u — %ﬁ, 3)
_aU _0v __6_p acsxy 2-_&_
y _direcetion:p ( tu—+7v ) % + —oByv g (4)
The temperature equetlon is given by:
aT | _oT | _oT
crp (E tU—+ U ) Kr (ﬁ + —) +8.(grad V (5)

This model con51ders a velocity field defined by V = (u(y, t),0,0), alongside the fluid
temperature T(y,t). The governing equations incorporate several physical properties,
including: the density of fluid (p),specific heat at constant pressure (cr),and thermal
horizon conductivity (K7). The effects of a porous medium are accounted for by the
permeability (k), while the effect of an external magnetic field (B,) is included through
the magnetic permeability (u.) and the fluid's electrical conductivity (o). Furthermore,
the model considers the contribution of a radioactive heat flux (q).

a‘_OT Ty, aty =0 ©)
u=0,T=T, at)7=h
The temperature atthe walls of achannel are given by:
T,6) =Ty, and T(ht) =T, 7)
radioactive heat flux is given:
=Ty -1
(8)
here 7 the denotes of the aradiation absorption.
a basic of eq.for the Bingham fluid is given as:
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5 {uCX+ 22X for t>1,

0 for <7,
)

where u. is a constant viscosity, 7, the yielde stress, and y is dafined as:

Y= /%ZiZ,’T’iﬂ’ji = \/%T_[

[1 The second strain invariant.
The stress components are:
Sﬁ ZSW = O’SW :(SW :,llcﬂy+‘[0

(10)
and S.(grad V) = 8,1y 11
So that the heat equation become

aT T | =
3. Results
Flexible Wall.
a governing eq. of the motion a flexible the wall expressed as:
LI'=P1-P,
L= o K o A g

Moz Nax T ot

where K is a elastic eq. in the wall, m it is a mass perunit area.

* ou _0u _ou aSW
L (R) =32 =—p (G +ad+v5) + 22 - oBju - 2q, (13)
Method of Solution.

We can give the non-dimensional terms through the egs. of motion, as follows:

_ X ¥y _u - _th _ ph 2 _ oBgh? h —
x—;.y—;.u—g.t—;,p—#—uM =—"—,Da hz,)’ 7V
T-T, ht U U?
AT =T, —Ty,0 =—2,Bn=-2,5 = Pr=%2 Fc=—"—, (14)
A ucu’ ucU Kt cp AT
hU phUc 4n%n? u?
Br = PrEc,Re == pe =222 N2 =12 pr=—
He KT KT gh

The mathematical model incorporates the following dimensionless parameters:
Da (Darcy number), (Reynolds number), (magnetic parameter), (Peclet number),
(radiation parameter), (Bingham number), Brn (Brinkman number), Pr and Fr.
Additionally, the model considers a chemical reaction parameter (Kr) and a distance-
dependent fluid viscosity, pi(y), with U representing the mean flow velocity [12].
Substiteuting eq. (14) in to egs. (1-13), we have a following of nondimensional eqs:

au ov
axtay =0 (19
9 _ 0 (ou (2 s+ L
ax ay (ay + Bn) (M + Da) u (16)
L u u
PeE——+N 9+Br( y) +Brén 7 17)
and Sy, =— + Bn (18)
a 5, 1 a3h 8%h
ay ( + Bn) (M + Da) L1 ax3 3t ey Axdt2 +1Ls axot (19)
Where
_ ka? __ myca? _ ca?
17 pead 27 a3 37 a2
and

h(x,t) =1 — @cos?m(x — t)
Solution of the Problem.

the Solution of the heat eq. and the motion eq.
1. Solution of motion equation..
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hNT hNT
U=%+eﬁy<_e—’1)T)+e—ﬁy<_(e—’1) (20)

(1+e2n7T 1+e2hVT )7

Where

A = L,8m3@ cos(mt — mx) sin(mt — mx) + L,8m3@ cos(mt — mx) sin(mwt — mx) +
L3 (—2m%Q cos(nt — mx)? + 2m2@ sin(mt — mx)?)

h=1— @cos(mx — mt)?

_ M?*+1
" Da
2. Solution of temperature equation.
B B -B cot(VF)+B csc(vF)-FB csc(vF .
0 =2+ (=) cos(VF y) + (- 2B cl) i (VF ) @D
Where

ehﬁ_ﬁyl ehﬁ+ﬁy/1 ehﬁ_ﬁy;{ ehﬁ"'ﬁyﬂ.

2
B=—|Br ((1+62hﬁ)\/7 (1+e2hﬁ)ﬁ) + Br+Bn ((1+32hﬁ)\/7 (1+32hﬁ)\/7>

F=N?—jxw=*Pe
3. Solution of the shear stress.
ehﬁ_ﬁyﬂ, eh\/T+\/Ty,1

Numerical Results and Discussion.
Figures 3 and 4 are the nodal pattern according tothe numerical model results of
undulating motion of a poraus flexible tube with elastic wall where the Bingham uids
are considered involume compressible [13]. DIAGRAM OF MEANDERING FLOW
FIELDSThe geometry of meandering flow fields is illustrated in Figure (1). The Bingham
oscillatory flow for double porous medium (2) was also solved using Mathematics 12
[14]).
1. Distribution of Velocity.

According  eq.(20),  figs. (2-9) Clarification of the effects of
parametersL,, L, L3, @, t,Da, x and M on the velocity distribution u versus y.
Figures 2,3,4,5 and 7 shows that of a velocity an increasing with the increasing of
Ly, Ly, L3, ®,Da when 0 <y < 0.9, and decreases when 0.9 < y < 1, Exactly the opposite

+ Br (22)

is the case of Figure (9) for the variable M.
Figure (8) show that a velocityincreasing with a increasing of x when 0 <y < 0.7, and
decreases when 0.7 < y < 1, Exactly the opposite is the case of Figure (6) for the variable
t.
2. Distribution of Temperature.

Based on eq. (21), figs. (10-23) depict of the influence of the parameters
Ly, Ly, L3, 0,t,Da,x,M,N, w,p,, By, B, and R, on a fluid temperature function 6 vs. y.
The fluid of the temperature increases as a parameters L,,L,, L, @, Da,x,N and B,
increase, as seen in Figures 10, 11, 12, 13, 15, 16, 18 and 21.
Figures 14, 17, 19, 20, 22 and 23 shows that as t, M, w, p,, B,and R, are increased, a fluid
of the temperature drops [15].
3. Distribution of Shear stress.

Based on eq. (22), figs. (24-33) depict the influence of parameters
Ly, Ly, Ls,®,t,Da,x,M,w and B,, on the fluid Shear stress function u versus y.
The fluid's Shear stress increases as a parameters t, x, M,w and B, increase, as seen in
Figures 28, 30, 31, 32 and 33.
Figures 24, 25, 26, 27 and 29 show that as L;, L,, L3, @ and Da are increased, a fluid's Shear
stress drops.

Here are all the constant parameter values used in plotting the velocity equation,
temperature, and shear stress profiles L, = 01, L, = 0.5, L; = 0.1, ® = 0.2, t = 0.05, Da =
09,x=375M=11,N=125 w=1,p,=2,B,=1,B,=2,R, = 1.
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204

‘

Figure 4 & 5. Velocity distribution for Different Bingham number Bn showing shear-
thinning behavior.

Fig(6)

Figure 6 & 7.

Fig(8) Fig(9)

Figure 8 & 9. Velocity distribution versus y for varying wall elasticity parameter K.
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Fig(lﬁ

Fig(16)
Figure 16 & 17. Temperature profile for varying heat saouce parameter Q.
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Fig(18) Fig(19)

Figure 18 & 19. Temperature variation with increasing Froude number Fr.

Figure 24 & 25. Shear stress variation under different Darcy number Da.
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Liwlt

Fig(26) | Fig(27)

=003

e 1005

Fig(28) Fig(29)

Figure 28 & 29. Shear stress increase with higher brinkman number Br.

Fig(30) | Fig(31)

Figure 30 & 31. Shear stress variation radiation parameters Rd.

Fig(32) ' Fig(33)

Figure 32 & 33. Combined effect of wall elasticity and magnetic field on shear
stress.

4. Conclusion

An analysis of the steady flow of a Bingham liquid with constant viscosity subject to
magnetic field (MH) and heat transfer in an inclined channel between flexible walls was
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carried out by [7]. A mathematical model which includes the influence of magnetic field
strength, wall elasticity and thermal gradients was assumed and the solution also
obtained by employing perturbation techniques. The results for velocity field, as depicted
graphically via Mathematica, indicate that the velocity of Bingham fluid is influenced
against variation in magnetic field intensity, wall flexibility and temperature gradient.

The fluid motion is damped as Lorentz forces resist the flow with higher magnetic
field. The profile of the velocity is also dominated by thermal effects, which introduces a
viscosity variation at the fluid layer. The compliance of the wall also has a major influence
on flow modification effects, at least for oscillatory flows, which suggests that boundary
mechanics can not be forgotten in relation to practical application pushers.

More generally, they provide insight as applied to the Bingham fluid flow in MHD
systems and may have engineering applications of the presence of non-Newtonian fluids;
namely crude oil pumping, biofluids delivery or cooling processes. Future work could
extend the stiffness hypothesis to allow for a variable viscosity,non-linear efects of the
wall and multi-phase flow systems to provide more accurate studies.
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