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INTRODUCTION

Multi stenosis is cardiovascular diseases which causes blood flow is abnormal incardiac arrest arteries. The cardiac arrest
(heart disease) it’s heart conditions particular diseased blood vessels, formation of the problems and blood thicken. The blood
flow have investigated in many researchers analyzed dispersionof soluable matter in solvent flowing slowly through a
tube by Taylor (1953). Exact analysis of unsteady convective diffusion investigated by Gill and Sankarasubramanian
(1970)(1971) and (1973). Patel and Sirs (1983) examined study the dispersion of solutes during blood flow through
curved tubes. Developed Shivakumar et.al.,(1987) closed form solution for unsteady diffusion in a fluid saturated
sparsely packed porous medium. Ikbal ez al., (2009) studying unsteady response of non newtonian blood flow througha
stenosed artery in magnetic field. Obtained mathematical anlysis of unsteady sloute dispersion with chemical reaction
through a stenosed artery Nurul Aini Jaafar et al., (2016) and (2021).  Sankar(2016) and Nirmala Ratchagar and
Vijayakumar (2019) studied generalized dispersion method is analyticallysolving blood flow have an casson fluid. Effect of
externally applied transverse magnetic field on unsteady flow of blood in tapered stenosed artery investigated by Veena (2019).
Mukesh Roy et al., (2017) showed modelling of blood flow in stenosed arteries. Nagarani (2017) investigated effect of flow
unsteadiness on dispersion in non newtonian fluid in an annulus. Studied dispersion of waves and transmission reflection in
blood vessels with structured stents by Frecentese. Meenapriya (2011) and Vijayakumar (2015) studied dispersion of
analytical solution of the results. Analyzed pulsatile through a generalized blood flow in non linear equation solving
and solution part in numerical values using finite difference method investigated by sathyasaran changdar and Soumen De
(2016). In our model is steady convective diffusion, impact of Hall current on externally magnetic field with mass shift by
make use of Taylordispersion model. The blood fluid modeled is couple stress fluid, rectangular channel with pulsatile blood
flow on a porous medium, in a multi-stenosed artery. Considered the numerical values for several parameters are plotted and
discussed.
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MATHEMATICAL FORMULATION

Consider the viscous incompressible, laminar, pulsatile and fully developed unidirectional flow in rectangular channel. The
geometry of pipe flow decribes the multi-stenosis artery. To external magnetic field apply to impact of Hall current.The
geometry of the multiple stenosed artery R(x) is radius artery,R, is normal artery, /; and J; (i = 1, 2, 3) are length and
maximum thickness of three stenosis. d; is location of the stenosis (i = 1, 2, 3) , are illustrated in figurel. The three multiple-
stenosis flow of blood at boundary of the wall is

O*=0, yx=R).
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Figure: 1 Physical model.
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The governing blood fluid film region can be written as follows:

Conservation of continuity:

ur _,
cox” (1)
Conservation of momentum:
_ ldp dw Adw B,  oBs
T paxt ax* pdy B p(1+ mz)u
(2)
_ lap”
pdy”
(3)
Conservation of concentration:
ac” N R
at* axs  ay*?
4)
with boundary conditions,
. 0w _ 3 o S
u—{),ay2 0 at y R}
e 2% _ e
u 70,61]*270 at y*=10 (5)
c"=0, at y"=R"
dc* S
A Oat y =0
(6)

where,

u* is the axial field in x-way, g gravitation force, p is blood fluid of the density, p  is the pressure gradient, & is permeability,
A denoted as slip parameter, v denoted as kinematic viscosity, u« is dynamic viscosity, pyis viscoelastic coefficient, m
is Hall current effect, By is external force on magnetic field, C is concentration, R, Reynolds number, D is diffusive flux.
The blood liquid is handle to closed the pulsating move to the heart resulting in an unsteady pulsating pressure gradient
approaching, Ogulu(1993)

ap*
ax*

=P,+€ P, Cos(wt)>0 (7
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Where, P; + €P, the amplitude of the pulsating component causing blood vessel or artery pressure and heart pressure w = 2zf
with /', the heart burst frequency.

The blood arterial of the multi-stenosis dimension mathematical form as,

R, 0<x*<d;”
51* 2” % * l]_* * * * *
RO—T 1+COSl—* X _dl —7 dl <x Sdl +l1
1
R, di"+1"<x*<d,
52* 2” % * lz* * * * *
(x*): RO—T 1+COSl* X —dz —7 dZ <x Sdz +l2
2
R, d," +1," <x*<dj"
63* ZT[ * l3* * * *
RO__ 1+COS * x*_d3 - A d3 Sx*Sd3 +l3
2 I, 2
R, ds"+ 1" <x* <l

Introducing the following non dimensional quantities,

ut Xy _u*R _UgRy  Ryp* . 0BiR§

u_uo’x_Ro’y_Ro‘u_Uo' ) ‘p_Pﬁuo' o

lz=i,l=\/Z,l=£,d=d—*,6=6—*R=R—*,C:C—*, =L )
u u Ro Ro Ro Ro Co t

By using above non dimensional quantities, the equations (2)and (3) becomes,

1 0%u  9%u M2 1
—Re = oot - it (Tt 3w ©)
Jp
=— 10
> (10)
Solving equation (9) using the boundary condition (5) we get,
— . M3y —myy msy -mey ReP
u—Cle 3 +C26’ 4 +C3€ +C4e 6 _T (11)
a2<1+m2+7)
u is average vetocity specified by,
— 1 00
u=- fR udy (12)
_ 1 m3R —m4R mgR -megR RePR
qu cie _Cze +C3e _Cae _ ‘;V,z . (13)
i e s e 2(1+m2 17)
V=u—u
R - R R - R
— C1€m3y + cze_m‘*y + C3€m5y + C4€_m6y _ - RI;’ZP - _%[cljnm3 _ czemm4 + c3jn‘m5 _ C4_emm6 _ - R:zVII;R - (14)
a (1+m2+1) 3 * > ¢ (1+m2+1)
Taylor Dispersion:
equation (4) and (8) becomes,
1dc . u-udc D d%c
vt L o mar (15)

VR;dc  d°c
DL ¢  ay?
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R; dc

where , D LaE _

_ 9%

QV =— (16)

= 37

dimensionless in multi-stenosis artery is below,

1 0<x<d,;
01 21 L
1-— 1+Cos—(x—d1——) di<x<d,+1
2 I, 2
1 di+l,<x<d,
6, 21 L,
(x): 1__ 1+COS_(x_d2__) dZSXSd2+l2
2 L 2
1 d, +1, <x<d;
O3 21 L5
1—— 1+Cos—(x—d3——) d;<x<ds;+13
2 I 2
1 dz3+1l;<x<1
c,e™Y  c,eT™Y  cie™sY  c,eT™eY Re P y?
c=Q( 7+ 7+t 7+ z 2
ms my ms me 242 (M— 1)
1+m2 1
_c1e™Ry®  cpeT™Ry?  cze™sRy? | ¢ e ™6Ry? Re P y?R
2msR 2m4R 2msR 2mgR 2a2( M2 +l>) +A4y+B a7
1+m2 " A,
where,
M3 €My C3Mg  CyuMyg
A=0Q|=— z 2 2 ]
m3 my mg mg
B = 0 cie™R  ceTMaR oo eMsR o o7 MeR Re P R?
=¢= z z 2 2 2
ms my mg mg 2 M 1
2a*(1 Tmzt pU
c,e™RR? c,e"MaRR2 N cz;e™sRR? e ™MeRR? Re PR R? N
2m,R 2m,R 2msR 2meR  ,oap ( M 1)
1+m2 " 1
cymsz R _ comy R + c3msg R __ €came R
m§ mj mé mg

Following Taylor (1953, 1954), we consider C variation and ¢ longitudinal & direction, C,, is mean concentration
over a section idistingishable from dem JE so that equation (17) can be written as,

dem

M=_-G ot (18)

This shows that c,, is disperised relative to a plates which moves with velocity  exactly through a difffusive by porous
region. Which is molecular diffusion itis

(18) becomes,

oM _  20c¢y

%= Lo (19)

equation (18) and (19) we get

20c,, R® 9%,

_— = _G -
Lot DL &
dc,  R® 0%cy

t - e
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« R3
D*=-—-G (20)

Generalized Dispersion

To obtained generalized dispersion an evaluated Gill and Sankarasubramanian(1970), The solution of equation (4) becomes,
with boundary conditions,

¢*(0" y")=co for lxlsxs,
c* (0" y*)=cq for lxl>xs, -
ac*
557 (L 7x"0)=0 )
:
o xR (2)=0

c*(t*,00,R*)=

ac*
a0,y )=0

where ¢, is concentration of the initial slug insert of length and equation (21)represents the initial concentration we obtain
equation (4) and (21) dimensionless using

0=—,u =%)Y:%)X:—_’pe=—"[=— (22)

using the above equation (22) becomes,

20 . 00 1 9%0  9%0
—Fu==—=+-—= 2
at + ax pZox?2 = ay2 23)

Where u* = %, dimensionless velocity of the fluid. We define axial coordinate moving with the average velocity of flow as
X1 = X — Ut which dimensionless form is X; = X -t

xlD

where X1 = e using equation (23) becomes,
u
a0 9 1 0%0 , 8%6
at ax, p2ax2 = ay2
u—u

with U =

The dimensionless along with initial and boundary conditions above equation (21) are given by,

0(0,X,,Y) =R for |x| <X,
0(0,X,,Y) =R for|x| > X,
a0
—(1,X,0)=0
aeay (. X,,0) \ (25)
E(T‘XPR(?C)) =0

0(t,,Y) =;—;(T,00,Y) =0

solution of equation (24) and boundary conditions (25) can be written as,

a6, 920,
Q(T,XI,Y) = Hm(TJXI)J’_fl(T:Y) (T:Y)+f2(T:Y) 2 (T:X1)+'“
0X, aX?
o O
0 = O + Xt fie (0Y) 3% (26)
1

where average concentration is denoted as 81 (cross section) and we get,
Om(T, X1) = [ (T, X1, V)dY 27)
Integrating equation (24) limits in [0, R] using this equation (27) we get,

(28)
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By .
= 2 W f UBdy
using the equation (26) in (27) we get,

aem_laze 9
ot _pg axl - 09X,

f UOm(t,X1) + (5,1 20m ax ™, Xp) +

2
frE 8@ XD + - )dr (29)

Gill and Sankarasubramanian developed generalized dispersion representationwith time dependent coefficient of equation
follows,

96m aem

2206
—_ K m
ot 1,

ax?

930,
ax3

equation (30) and (29) we get,

a0, 0%6,, 230

K K +K =
16X1+ 2 9x? 3ax3+

1020, 0

p—W—ﬁf U(On (e, X0) + i) T ) +

2
@8 @ XD + - )dr (31)

90, 0° em

Equating the coefficient ——
q & 0X 1 ’ 6X1

...we get

Ki=— udy
. 1f0 ‘
K),=—— U 7,Y)dY
2= L fL@Y)

R
K= —fo U f, @ Y)dY

Ki® =4~ [ f_@dY (i=12,.. j=2) (32)

where §,, identified is kroneaker delta is,

equation (26) and (24) we get,

2

9 Gnr )+ AEN I ) + £ S 0 o 2K + )

a 220,
+U6X ( O (7, X1) + f1(7, Y) (T XD+ L@ V)5 XZ (T X))+ )

1

a0,
E(’)Xf( (T, X)) + fi(T, Y) (T X))+ fo(z, Y)

aXZ (T.X1) + )
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a

2z (@ XD+ A@NFEE XD + LEN TR @X) + ) (33)

Following Gill and Sankarasubramanian (1970) using the equation (30) and(33)

oK ok+ig,,

= 6XK =i k(D) oxF 1 (34)
we have,

ofy 0%*f; 96,,

[E— 3y2 + U+ Kl(T)]ﬁ
af, 0%f, 1_0%6,,
oy ~gpz TUAT K@+ K@) Sl 57

4] 2 0° +2 1
+Z([ L a];fz + Ufisr + Kt frr1 + Kt (O fiewr + (KZ(T) B E> fk]

Zk+2K frs2- 1) an+2 =0 (35

k
with fo= 1 equating the coefficient of aa)?,’(" (35) to zero, we obtain following partial differential equation

1

afy _ 0%fy
e = U K@ (36)
a 92 1
LT U f - K@f - K@ + o 37
af 3%f 1
% = a—yk = U fiyr — K1(@) frr1 — (Kz(T) - g) fie = SMY2K i (38)

using the boundary conditions,

fOY) =0
of _
a—yk(’[, 0)=0 )
af _
a_yk(T’ R)=0 |
Iy fi @Y)ay = o)
for k=1,2,3,... from equation (32) for i =1 using f, =1
Ki(x) =0 (40)
From equation (32) fori =2,
1 R
KZ(T)_p_g_fO Uf1 dY (41)
To evaluate K,(7)
Put
f1=FfioM+f,,@Y) (42)

where fio(Y) is corresponds to an infinitely wide slug which is independentof 7 and f;; is 7 dependent satisfied with
boundary conditions
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d

E =Dat ¥=0

d¥ (43)
fio=0 at Y=R (44)
I frodY =0 (45)

using the (42) in (12) implies that

d*fio 1
dy2 — ¢emsR  c,e”maR + cze™sR  ce meR Re PR
msR myR mgR mgR Ra? M? 1
" Trmet1a
Re P
(cie™3Y 4 coe™™4Y 4 cze™s’ + ¢ e’ — T
2 =
a (1 + m? + /1)
c,e™R  cemMeR oo eMsR o, o7 MeR RePR
- + - + + ;
msR myuR mgR mgR Ra? ( M 1)
a?[— 4+ 2
1+m? " 1
_1fce™V ceT™Y N cye™sY N c e meY RePY?
R ™ S S Ry
1+m? " A
c,e™3Ry? N ce ™Ry2  coeMsRy?2 N c e MeRY?2 N Re PY?R CAY+B
2m3R 2m,R 2msR 2meR 5 Raz( M? 4 1) . L
1+m? 1
0f11 _ 0°f11
o = ore (46)
The above equation is heat conduction equation is solving separation ofvariables steady state condition time increases,
2 .
f11(Y, 1) = e @ (A cos[A Y]) + B sin[A Y] 47)
[00]
— -2 2
fi1 = zAn e~ cos[4, Y]
n=1
where,
R
Ap == [, fio (V) cos[2,Y]dY (48)
c,e™R  c,eTMaR cogMsR ) gMeR Re PR3
An=\-— 3 T 3 3 T 3 M2 1
m3 my mg mg 6a2 <_ + _)
1+m? 1
c,e™RR3 c,eT™4RR3 N c;e™sRR3  c,e™eRR3 Re P R3
6mgR 6m,R 6msR 6mgR 62 M? + 1
1+m? " A
cgmgR?  ¢;muR? c3msR?  cymgR?
2m3 2m3 2m? 2m2
( c,e™RR  c,eT™RR  c;e™sRR c,e”™eRR Re P R?R
2 2 2 2 - 2
m3 my mg mg a(_M* 1)
2a (1 + m? + A
c,e™RR2R e ™RRZR  c;e™sRR2R  ¢,e™sRR2R Re P R?RR

+ j—
2msR 2m.R 2msR 2mR -, ( Mz 1)
1+m2 A
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;g AR comy AR cymcAR  cymgRR
= & = g

= = = = sind R
2m; 2m; 2mg 2m; ) 3

substituting (46) and (48) in equation (42) we get,

1(cie™¥ g™ ce™sY  cem™MeY RePY?
h== 2 7 T 7t z 2
u\ m; my ms me 2a2 (M_ + 1)
1+m? " 1
c,e™3Ry? N ce MRy2 o eMsRy?2 N c e MeRY?2 N Re PY?R AV 4B
2m3R 2m,R 2msR 2meR opa? (M 41 . L
1+m? 1
3
c c,e™Rcos[RA ic;e™Rsin[RA
+Ze'1%fcos[Y)ln](— 5 L ! 5 [, B > [, nl
] 2ms(mz; —id,)  2mi(mz; —id,)  2mi(ms —idy)

c c,e™Rcos[RA,]  ic,e™Rsin[RA,] 3

S 2mi(m, —id,)  2mi(m, —id,)  2mi(m, —ik,)  2mZ(ms —ik,)

cz;e™sRcos[RA,]  icze™sRsin[RA,] Cy cse™sRcos[RA,]
2mi(ms —id,)  2mi(ms —id,) 2mi(mg —id,) 2mi(mg —ildy,)

ic,e™sRsin[RA,] o c,e™Rcos[RA,]  icie™Rsin[RA,]

2m2(mg — idy)  2mi(mz +id,)  2m2(ms +id,)  2mZ(ms + idy)

o c,e™Rcos[RA,]  ic,e™Rsin[RA,] 3
2mi(my, +id,)  2mi(my +ikd,)  2mi(m,+id,) 2mi(ms +id,)

c;e™sRcos[RA,]  ic;e™sRsin[RA,] Cy c,e™sRcos[RA,]

2m2(ms +idy,) B 2m2(ms +ildy,) B 2mi(mg +id,) 2mi(mg +id,)

ic,e™Bsin[RA,,] ce™Rsin[RA,] c,e ™ Rsin[RA,]  c;e™sRsin[RA,]

2m2(mg +idy,) mgRA3 muRA3 msRA3

cse ™eRsin[RA,]  c,e™Rcos[RA,]  ce ™ Rcos[RA,]  cze™sRcos[RA,]

3 3 2 2
mgRA3, msA3 myi mgAZ

cse™eRcos[RA,] AYsin[RA,] ce™Rsin[RA,] ¢ sin[RA,]

2 2 2
megA2 Ay mia, mii,

c, sin[RA,] cze™sBsin[RA,] c3 sin[RA,] ¢, sin[RA,]
Muhy méi, méi, MeAn
substituting f; into equation (41) and integrating, results in dispersion coefficient solution using more help to mathematica

software and A4, and B, are constant values are Appendix. Similarly K3(z ) , K4(z ) and so on are obtained and we found that
Ki(r),i> 2 are negulating terms. Then small comparing value K,(z ) . The dispersion model from (41) now we obtain,

0m ., 826y,
at 2 pg2

(49)

A,=nm

The analytical solution 0f(49) satisfying the condition (25) and examinedFourier Transform (Sankara (1995)) given by,

$s §s
1 5 +< 5=
Om(t,8) = [erf i erf 2T



15493 Nirmala et al. Dispersion of mhd couple stress fluid flow on multi-stenos is arteries in blood attributes with presence of hall current

where T = fDrH: (¥)dy and erflx) = f:g—f: dz

VT

RESULTS AND DISCUSSION

The results of the present study is development dispersion analysis for several various parameter values Hartmann
number(M), Reynolds number (Re), Couple stress parameter (a) and Hall parameter (m). It’s observed in physical problem
velocity field, mean concentration, and dispersion diffusive are dispute by apply numerical values of variedin /; =1, =13 = 0.2
,w= 1, t =1 ,height of the three stenosis is equal to distance of the stenosis when the blockage ofthe vessels are 10, 30,
and 20 ( 0, =0.1, J, =0.3 and d; =0.2) R, =0.2,0.6,08, M=0,1,2,3 ,m=0,1,a=5,10, 15, 1= 0.2, 0.4, 0.6 The above
values areconsider same in the entire investigation exclude for different values as showed in Figure 2 to 13.

— mwm=02

m=04

axialvelocity
axialvelocity
=
=
=
\

— m=06

“m”. Figure: 3 Plots of velocity of axial field for several values

”M”

0.6 T T T

|

concentration

axialvelooity

Y

Figure: 5 Plots of velocity of axial field for several values ”a”. Figure: 6 Plots of concentration of axial field for several
values ”"M”

Figure 2 show velocity field decreases with increasing Hall parameter. Figure 3 depits that the velocity field decreases with
magnetic parameter is increases.figure 4 that velocity field of the increasing in blood with decreasing the Reynolds number.
The couple stress parameter increasing with increasing Figure 5. The variation of the species of the several values of couple
stress parameter, Reynolds number, Hall parameter and magnetic parameter. Shows that the figure 6 increases with
increasing magnetic parameter.

6 T T e T T 05 L 4
] ] Re-l Al
5E ]
= 5§ 00
; 4F p Re=2 8 2=l 5
— Red A e a5
-lLOF E
0.0 02 04 0.6 0.8 1.0
¥ Y
Figure: 7 Plots of concentration of axial field for several values Figure: 8 Plots of concentration of axial field for several
”Re” values ”a”
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Figure 7 and9 is concentration is decreases with Hall parameter and Reynolds numberis increasing. Figure 8 display in
couple stress parameter increases withconcentration increasing. The mean concentration 8,, with ¢ for various values of a,
Re, M, m.Figure 10 and Figure 11 #, mean concentration increases with increasingRe , m . Shows that figure 12 and 13
variation of mean concentration 6, increases with decreases in a , M . Figure 14, 15 dispersion of increased while decreases in
Reand m .

L 0012 f
——m=02 3 ]
i 0.010 £ ]
2 0.010 0.008 F ]
5 m=04 e E ]
= 0.006 £ ]
5 0005 0.004 | :
= 0.002 F ]
0.000 : : B
0.000 10 05 0.0 05 10
(3
¥
Figure: 9 Plots of concentration of axial field for several Figure: 10 Plots of mean concentration of axial field for several
values ”m” values ”Re”
e 1 0.0
0.04 ] 0.04
. 003F — = 0.03
@ D
0.02 F . 0.02
001k ] 001
0.00 -|—v—v—v—v—/. M- M w\_!_!_!_FI' 0'00_
-10 03 0.0 05 10 :
T
K.
Figure 11 Plots of mean concentration of axial field for Figure 12 Plots of mean concentration of axial field for several
several values ”m” values ”a”
0.030 8x 10 t — Re=1.0
0.023
. 0.020 3 ] 6108 [ —___ Re=15
< 0015
3 ] v 4x]08 [
0.010 f ] By R=2.0
0.003 2101 E
0.000 £ ; g
L iz o S 2 00 02 04 06 08 10
f m=25
Figure 13 Plots of mean concentration of axial field for Figure 14 Plots of dispersion of Reynolds number for several
several values ”M” values ”Re”
F....................._
21012 1 —
o 62101
0y ———— m=04
; 4x=101
2x102 | ] . ..
0 fe= : - I i —
0.0 02 0.4 0.6 08 1.0
Re
Figure 15. Plots of dispersion of Reynolds number for several values ”m”
Conclusion

Dispersion process in flow of blood an couple stress fluid in the porous channel, impact of Hall current and external magnetic field is
developed using the generalized dispersion model. Unsteady in flow of blood is nature, it’s solute of dispersion in multi-stenosed artery.
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In this study currently limited to the exact solution. The results are more useful to medical industrial and high pressure control. Flow of
blood two method in different works.
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