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Mathematical Computation of Couple Stress Fluid
Flow Through Stenosed Artery With Suspension of
Nanoparticles
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Abstract- This work consists the effect of an overlapping con-
striction of couple stress fluid with nanoparticles. The equations
are derived analytically by using HPM technique. Effects of rele-
vant parameters on flow resistance and shear stress at wall of the
fluid are investigated. It is observed that flow resistance increases
stenosis height and Brownian motion parameter. Flow resistance
reduces with local nanoparticle and temperature Grashof num-
bers, couple stress fluid parameters and thermophoresis parame-
ter.
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I. INTRODUCTION

The circulatory system or cardiovascular system sup-
plies blood, oxygen and nutrients to throughout the body.
Cardiovascular system is the hardest working organ in the
human body. In the present world majority of deaths are re-
lated to cardiovascular diseases. In earlier days cardiac dis-
eases affects the aged group. But in recent days, cardiac dis-
eases are attacking in young people also. If this continues
the future looks more dangerous. The main reason for this
situation is less exercise, stress, eating junk food, pollution,
smoking and drinking alcohol. Stenosis is one of the major
cardiac diseases and it is define as narrowing of an artery
with fatty substances. Stenosis blocks the blood vessel par-
tially or fully and it leads to heart attacks, brain strokes and
hypertension etc.

Stenosis was first investigated by Young [1]. Later
Young and different researchers have analyzed the blood
flow problems in narrowed vessels by taking blood as New-
tonian or non- Newtonian fluids under different situations
(Misra and Chakravarthy [2], Srivastava and Mishra [3],
Maruthi Prasad et al., [4]).

In the recent days, study of couple stress fluid has
gained much attention. It was initiated by Stokes [5] have
distinct properties, like occurrence of body couples, couple
stresses and non-symmetric stress tensor, mathematical sim-
plicity compared with other models.
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Nanofluid is the next exciting frontier in technology.
Nanofluid have distinct features such as, enhanced thermal
diffusivity, thermal conductivity, convective heat transfer
coefficients and viscosity. Mekheimer et al., [6] studied
about MHD blood flows in an artery with overlapping
stenosis with metallic nanoparticles effects. Maruthi Prasad
and Sudha [7] presented the mathematical model of couple
stress fluid flows through the multiple constricted tubes with
suspension of nanoparticles.

This paper deals with overlapping constriction effects
of a couple-stress fluid with nanoparticles. The analysis is
done analytically using mild stenosis approximation. Ex-
pressions for flow resistance and wall shear stress are calcu-
lated.

Il. PROBLEM FORMULATION

In this study, Considered the couple stress fluid flow
with nanoparticles in an axisymmetric tube with overlapping
constriction is depicted in fig. 1. The geometry of abnormal-
ity can be considered from (Srivastava and Mishra, [3])
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Fig. 1. Graphical representation of the tube with constriction

w1 leng [11(z — L3 — 47(z — d)2L2 + 72(z — d)3Ly — 36(z — d)*],
h:R_0: fOT'dSZSd-i—Lo;
1, otherwise.

1)

Where R(z) denotes tube radius with constriction, R,(z) gives tube radius without constriction, L,denotes the stenosis
length and d denotes its location, § denotes highest height of the constriction situated at the two positions is taken as

z=d+ %O,z =d+ % respectively. The critical height is 34—5 atz = d + Ly/2, from the origin.
Using non-dimensional quantities
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Incompressible couple stress fluid equations with nanoparticles under hypothesis of mild stenosis condition are taken from
Maruthi Prasad and Sudha [7]

22 (r (15 V) u) =L+ 6.0, + Bo @
o=l e () 0
0=12(-20) 2 (L2 (- 22) “

@ = %az (Couple stress parameter), u represents averaged velocity over part of the tube with R, (radius). 6, & o denotes

temperature profile and nanoparticle phenomena. Local temperature Grashof number, Brownian motion parameter, local
nanoparticle Grashof number and thermophoresis parameter are represented by G,, Ny, B, & N;.
The non-dimensional boundary equations are

ou _ 06 _ 9o _ _
a—r—O,ar—O,ar—Oatr—O 5)
u=0,0,=0, =0 atr =h(z), (6)
%u  nou _ _
m—;;—o atr—h(z), (7)
%u  nou . . . _
Fre il finite atr = 0. (8)
I11l. SOLUTION
The solution of the coupled Equations (3) and (4) are derived by using HPM (Homotopy perturbation method) as
80 26 86,\2
H(qt,gt) =1- Qt)[L(Ht) - L(Htlg)] +4q; [L(Gt) + N, a_:a_rt + N, (a_rt) ]
9)
Ne (10 (86
H(qu ) = (1 = gIIL) - L)) + g [L@) + 22 (22 (r22) )]
(10) Where q, is embedding parameter, takes the values 0 < q; <1
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19 ( Y. . . A
. Forease, L = ;;(r ;) is considered as linear operator. The initial guesses 8, ; and o, are taken as

6100, 2) = (550, a30(r,2) = — () (11)

4

Adopt the same process as done by Maruthi Prasad and Sudha [7], the equations for nanoparticle and temperature profiles for
g =1

2) Ny = No) (12)

Substituting the Equation (12), in the Equation (2) and by using boundary conditions, the expression for the velocity is

u(r,2) = @) + 5+ S (G 8) + T (G- T ) TG na) + S () + (D) () -

da?. (13)

o(r,z) = — (Tz_hz)g—;, 0,(r,z) = (r46_4h

4

Where T = G,.(N, —N,), S = B, (g_;)
h(n —1) (dp Th* hZS_s) o ThS RS, T ]
[ (dz+a4 et 7))t —S)3gr 1@ 3)(? S)
ha*ly(a h) — aly(a h) —nal(a h)

Alo(ah)+_+ﬂ(__5) hz(__EJ,ﬂ_;)Jr

_1 2304 64 4 \a* 64 4 a?
@ 1 n* n2 1 dp\ (h? 1
(e S G-+ (B G +2)
The dimension less flux g is q = foh 2ru dr. (14)

By substituting the Equation (13) in Equation (14), then the flux is

—A(* 1.z 2 _ht(ap\ _Th® _h®(T _o\_  m T _Th® RS _ S
a _A<a L(@h) —h*ly(@ h)) 8 (dz) 3072 96( S) 8 (a4 o T3 az)
(15)

From Equation (15), Z—I; can be given as

oo il e HE-9) G-

dz Mh* = M 384 48K M L\@a? 12 2Kh
(16)
Where K = ha?ly(@ h) — al,(@ h) —nal, (@ h)
2h — — 4D(n-1)
D= = L@h) —hI(@h), M= 1(713 -1

The pressure drop over one wave length p(0) — p(4) is

1d,
Ap =~ =F (17)
The flow resistance 1 = Aq—p (18)

Pressure drop without abnormality (h = 1)is defined as

L 19)
The flow resistance in the regular artery is 4,, = Aqﬂ (20)
The normalized flow resistance 1 = ﬁ (21)
And the shear stress at wall 7,, = — %Z—Z (22)

IV. RESULTS AND ANALYSIS

Figures (2) - (6) presents the effects of flow variables 0.3, N, = 0.8 (Maruthi Prasad et al., [4] and Maruthi Prasad

for different parameters by taking parameter values as  and Sudha [7]).
L, =10.2,03,04,d =02,q=01L=1,6 = Figures (2) - (4) explain the
0,0.02,0.04,0.06,0.08,0.1,B, = 0.3,G, = 0.2, N, = effects of 1 (flow resistance) with §
(stenosis height) for relevant pa-

269 Published By:
Retrieval Number: A10671291S52019/2019©BEIESP Blue Eyes Intelligence Engineering
DOI: 10.35940/ijeatA1067.1291S52019 & Sciences Publication

&
fel’v'nor ‘Buu\'.\



Mathematical Computation of Couple Stress Fluid Flow Through Stenosed Artery With Suspension of
Nanoparticles

rameters. It is identified that flow resistance enhances with
the stenosis height (6§ ) and N, (Brownian motion parame-
ter). It reduces with couple stress fluid parameters (@, ), lo-
cal temperature and nanoparticle numbers (G, &B,) and N,
(thermophoresis parameter).

Figures (5) - (7) shows that 7, (wall shear stress) en-
hances with thermophoresis parameter (N,), stenosis height
(6), local temperature and nanoparticle numbers (G, &B,.).
But reduces with &,n (couple stress fluid parameters) and
N, (Brownian motion parameter).

130F Hy=1
S~y
13 Ne=2
\5’4
120 b g
P : SX
15 o
110
105 >
e e V=Rl
00 00 04 006 068 010 000 0@ 0 006 008 00
0 [}

Fig. 2. Representation of §,& &n on 1

Fig. 3. Representation of 6, N, & N, on 1
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Fig. .4. Representation of 6,6, & B, on 1

Fig. 5. Representation §, @ & p on 1,
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Fig. 6. Representation 6,N, & N, on Tt Fig. 7. Representation 4§, G, & B,.on T,
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V. CONCLUSION

A theoretical model for an incompressible and steady flows
of couple stress fluid with nanoparticles through a tube con-
sisting overlapping constriction has been investigated. It is
observed that flow resistance enhances with Brownian mo-
tion parameter and stenosis height. It reduces with couple
stress fluid parameters, local nanoparticle and temperature
Grashof numbers & thermophoresis parameter.
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