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Abstract

A mathematical model is developed by treating blood
as a non-Newtonian fluid, unsteady MHD flow with Hall
current in a multi-stenosed artery. The governing equation are
solved by using perturbation technique. The fluid is subjected
to the chemical reaction with mass transfer and velocity
through the porous medium is consideration. The analytical
solutions for velocity, temperature, concentration, shear stress
and shear rate are calculated. The numerical solutions are

graphically depicted for physical parameters.

Keywords: Hall current, MHD, Multi-Stenosis, Porous

medium,Suction/Injection, Mass transfer, Heat source.

1 Introduction
Suction/injection velocity of the fluid is taken into account
pulsatile flowas well as circular tubes of varying cross section has

been investigated by
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Peeyush Chandra and Krishna Prasad (1994). Misra and Pal (1999) analyzed
laminar pulsatile flow of blood under the infulence of externally imposed body
acceleration. Devajyoti Biswas and Uday Shankar Chakraborty (2009) studied
blood flow through pulsatile a uniform artery in presence of mild stenosis, blood
have been represented an Newtonian fluid. Shit and Roy (2012) investigated
the unsteady pulsatile blood flow through a porous channel in an effect of
magnetic field. Rajender et al., (2012) examined the steady of couple stress
fluid in permeable porous channel with suction and injection of the wall. Sinha
and Mondal (2015) obtained the oscillatory flow of pulsatile blood flow with
porous medium and heat transfer. Nabilet et al., (2016) analyzed the MHD
flow of couple stress fluid 1n oscillatory channel with heat and mass transfer,
through a porous channel. Pulsatile blood flow, porous channel with constant
permeability in an inclined with mild stenosis artery. The flow takes the
body acceleration using perturbation techmque examined Lukendra Kakati
et al., (2017). Rafik Absi (2018) showed the oscillatory and pulsatile flows is
environmental, biological (health) and industrial applications, turbulent of the
oscillatory boundary layers are used different coastal engineering applications.
Selvi et al., (2018) presented a incompressible conducting couple stress fluid
mclined channel with pulsatile flow through injected lower permeable bed and
sucked into upper permeable bed. Lukendra Kakati et al., (2018) investigated
the axially symmetric, pulsatile and fully developed blood flow through inclined

channel with mild stenosis artery. Effect of Hall current i oscillatory flow of
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a couple stress fluid in an inclined channel examined Nirmala Ratchagar et
al.. (2018). Venkataswamy et al., (2019) analyzed the unsteady solute transfer
in a micropolar fluid impact of MHD with suction/injection. Sheeba Juliet et

al., (2019) explored the unsteady oscillatory flow through a vertical channel

with porous medium, the fluid subjected to chemical reaction with heat and
mass transfer. The aim of this paper i1s to study the unsteady MHD How of
oscillatory blood fluid in mult: stenosed porous channel 1s considered. Solved
analytically using perturbation method. The impact of magnetic field with

Hall current and other parameters have been shown graphically in these results.

T{me T-FimEEgs

Figure: 1 Physical model.

2 Mathematical formulation

Consider the flow of unsteady, laminar, incompressible, viscous non-Newtonian
blood flow through a channel in multi stenosis. The stenosis length 1y, Is and
l3 1s assumed to be analyzed. A uniform magnetic field By is y direction
of the blood flow. The following assumptions d;, da2 and &g 1s height of
three stenosis, R'*) is stenosis portion. A schematic figure of the physical
configuration are shown figure 1.

The governing equation of the fluid motion for the blood flow 1n cartesian form

is given by,
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Conservation of mass:

ou* i u*
dz*  dy*

Conservation of Momentum:

du® ou* 1 dp* 0%u* v oBju*

—V _

ot By* por )= G

+ v

iy

+g8: (T* — Tp) + g8 (C* — Co)

Conservation of Energy:

arTe L aTe Ky 97 gy
— ¥ = T —Th) —
it u y* peg, Oy +Q 0) dy*
Conservation of Concentration:
A ace arc a*T
— VW = D—— — K (C" —C Dyp——
at* 0 ayt a_y*ﬂ J'-( ﬂ} + I ﬂy*ﬁ

with boundary condition,

au* :;_’_fgyi:? T =Tp, C*=Cpy at y* =10

u* = 0, T*=T,C*"=0C" at y* = R*

Research Article

(1)

(2)

(3)

(4)

where, u*,v* is velocity of the blood fluid, 1} is suction/injection p

18 density, p* 1s pressure, k 1s permeability, {* is time, ¢ 1s electrically

conducting flud, m 1s the effect of Hall current, By 1s the external magnetic

field, p is viscosity, ogp is electrical conductivity.

The blood flmid 1s consumed by the heart pumbing action, which give rise to

a pulsatile pressure gradient approximated as Ogulu (1993)

)
—f = P, + e FBCos(wt)
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The multiple stenosis 15 commonly construct in the femoral and lumber
arteries. The configuration of the arterial portion having multiple stenosis
18

Ry 0<x® <dj
Ro— F(1+CosFE(z* —di — F)) di <a* <di+1j

Ro dy + 1 < == < dj
@) =90 Ro— 30+ CosE(a" —ds — 3) ds<a” <ds+13

Fo dy + 13 < =¥ < dj
Ro— 3(1+Cos¥(z* —d; — 3)) dz <z <dj+1;

Ry dy + 103 <z <I*

where, R'(x*) is the radius of the artery, Ry is normal of the radial artery, [;
and &; (¢ = 1,2,3) are the length and maximum thickness of three stenosis
(6 << Ry), I is length of the cardiovascular artery and interval(distance) d
18 equispaced point.

Introducing the following non dimensional quantities,

oy _uﬂR{, _ﬁc“‘ *_.Rg.*_-p _L’IJRQ
I_R_D‘y_ﬁ_ﬂm_u_ufﬁe_ v ’k_ﬁ"t _I_f.'p_P_u%'S_ o
pa=B oYk g DO-Ty) p_pov o 95T To)R
Ry asRo 7(Cy — Cp) K Ugl

o E.S.:{Cl — C*g]RE W — G’BSR%

gl P

Ge

The governing equations in dimensionless form are reduced to:
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du du 1 C}p Pu M? 1
— Vo= — ( 5 +7-)
ot dy R, r}:r: dy? I14+m Da

o __of 1 9%0

E_Lui‘}y Pdg—i-t‘)qjﬁ—l-lfuﬁ [S]

oo 06 10% _ 0%
E — D@ = Ef}yg + 5 C}y Iipf.j' [9)

The boundary conditions in equation (5) non dimensionless form we get,
_ . fu _ Lo _
U =Ygy 0=0,0=0 at y=10

u =, #=1lo=1 at y=~HR

The multistenosis i non dimensionless form 1s,

s

1 0 < x<d;
—%1{1 —|—CO.‘§%III—GT] ——]] di < x<d; + 1
1 dy +1 < o << da

Rx) =4 1 - 201 +CosE(x —da—8)) do<z<do+1s
1 do +la < x < dj

1 —4(1 —|—Co.‘5%[:r—d3—£2&]] da < & << dg + I3

1 da +Ig < x <1

.

3 Method of solution

Velocity, temperature and concentration distribution:

The ordinary differential equation of the form 1s
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u(y.t) = uo(y)e™™ (11)
O(y.t) = Ooly)e™™ (12)
Py, t) = goly)e™™ (13)

Substituting equations (11) to (13) and the equation (7), (8) and (9) equating

the coefficient we have,

%6 Aty :
{9—5{3 + Sprﬁ—y + (8p + sg — iw)Pflg =0 (14)
N 820,
—_— s— — (iw + K.)og = — S, — 15
5 02 oy (iw + K)o 5 (15)
7 ug g . M? 1 _
s (i up = —(P, + Cos[2nt]) — G0 — G (16
5y + s By (iw + - + Da]uu (FPs + Cos[2mt]) 5 (16)

with boundary condition,
u.;,.:f‘y%y’l, Bp=0,00=0 at y=20
(17)
ug = 0, th=1.¢p =1 at y=~
Solving equation (14) to (16) and (18) to (20) subject to boundary condition
(17) and (21) we have,

B(y,t) = (cre™? + cae™¥)e™™ (18)
H(y. 1) = (cae™¥ + cye™¥ + c5e™? + cge®V) et (19)

u(y,t) = c7e™? + c3e™¥ + oy + croe™? + 1™ + c12e™ 4 c13e™Y + c1pe™ + 15e"(20)
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Shear stress at the wall

il .
Tw = [a—z]yﬂam (21)

Substituting from equation (20) in equation (21) and calculating the shear

stress of the wall can be written as,

Tw = crage™ + cgage™™ + crpar eV + c11a06™ + croaze™ + cpaaqe™ + cpqa1€™Y + e1za2e™Y

where,

_ —SP, ++/(SP,)? — 4(1)(do + So) P>

2
. —SP, —\/(SP:)? — 4(1)(do + So) P>
° 2
1
C1 = “aiR _ qa3R
—1
oy —

= el _ pagR

2
_SS(' — vf{‘SS(']E + 415;(_'.!:{{_-
g =
2
c3 = —(ca + 5+ c6)
-1 — {:q{(ﬁaﬂﬁ . E_!ﬁ1ff‘:| _ (_.Gf(__.ﬁgﬁf _ (__,_agﬁ}
Ccq4 — easit _ caqft -
S,crai
Cy —

(L% + 5.5a1 — SR,
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fl= -::[.[.-.3‘15H + (yas — 1)] — en[(yar — l]eﬂaﬂ — (yas — l]eﬂ"ﬁ]
f2 = —cn[(yas — 1) — (yas — 1)e™F] — ca[(vag — 1)e™ " — (yaz — 1)e®F]

3 = —cuaf(yas — 1)e™" — (yas — 1)) — cp[(yay — 1)e™" — (yag — 1)e™*]

L4 24 13— exsl(yas — De®R — (yas — 1)enR]
B [(vag — 1)e®sf — (yag — 1)esF]

Cg
f4 = cole™" + (yag — 1)] — exo[(yar — 1)e®" — (yag — 1))
f5 = —eul(yas — 1)e®f — (yag — 1]EQEH] — c1af(vas — 1)e®® — (yag — UEESH]

f6 = —cia[(yaq — 1)e®® — (yag — 1)e™”]| — cu[(yas — 1)e®" — (yag — 1)e™F

 fA+ f5+ f6 — ci5[(yas — 1)e%R — (yag — 1)e™2R]
N [(vas — 1)e® — (yag — 1)ewh]

4 Results and Discussion

In order to investigated numerical solutions wvelocity, temperature,
concentration and shear stress are obtained for different values of Magnetic field
(M), Grashof number (Gr), Prandtl number (Pr)., warm radiation parameter
(dp). Reynolds number (Re), Hall parameter (m), and soret number (Sr),
are presented graphically. Further, 1t 1s assumed to the multiple stenosis

L=02,1b=03,13=05, <epsilon <1, dy =02, dy =04, dy =0.7,
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Figure 2

Plots of velocity while distance axis for various values " R.”

(87 = 0.1,80 = 0.danddy = 0.6) .

fipures (2)-(6) describes the wvariation of velocity profile for the various
values ., M. S m, Da. Figure 2 1t 1s clear that the velocity increases with
Reynolds number increases. Figure 3 velocity profile b decreases with magnetic
parameter increases. Figure 4 suction/injection parameter and velocity profiles
are stenotic region is increasing blood flow to the injury. Figure 5 impact
of Hall parameter increases with veloaity profile increases. Figure 6 velocity

decreases with darcian parameter increases.

Figure (7)-(9) depict the variation of temperature profile are variation of the
parameter S, Pranddp . Figure 7 shows that the temperature field i1s parabolic.
The temperature decreases with increasing warm radiation parameter. Figure
S 1llustrates the impact of prandt]l number on temperature profiles. It is clearly
temperature decreases while prandt]l number increases. Figure 9 displays that
decreases temperature and increasing dy .

Figure (10)-(11) concentration field is blood flow is increases with schmidt
number increases 1 Figure 10.  Figure 11 concentration decreases with

increasing the chemical reaction.
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5 Conclusion

The effect of Hall parameter and suction/injection on the multi stenosis
geometry has been considered. The rate of the blood flow through decreasing

with increasing thickness of the stenosis (4). This study i1s beneficial for

aiabvel ocity

Figure 3

Plots of velocity while distance axis for various values 7 M7
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Plots of velocity while distance axis for various values 7 s”
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Plots of temperature while distance axis for various values "m”
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Figure 6

Plots of temperature while distance axis for various values " Da”
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FPlots of temperature while distance axis for various values s’
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Plots of temperature while distance axis for various values "dy”
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Figure 10

Plots of concentration while distance axis for various values K.
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Figure 11
Plots of concentration while distance axis for various values S,

analyzing the behaviour of temperature distribution inside stenosis artery

during hyperthermia and cryosurgery.
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