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ABSTRACT

Laminar steady flow taking blood as Casson fluid through a cylindrical artery with porous walls has been studied
under dip stenotic conditions. The porous dip boundary conditions are taken as suggested by the Beavers and
Joseph (1967). The results for the various flow characteristics like axial velocity, plug flow velocity, flow flux, wall
shear stress and the pressure gradient have been discussed analytically and graphically under suitable flow
parameters.
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INTRODUCTION

It is believed that the abnormal and the unnatdegosits of the fatty and the fibrous tissues ter&l lumen
obstruct the blood flow which gives rise to varioterdiovascular and cerebral diseases. Accordingédical
reports, the endothelial walls have the ultra —rascopic pores for filtration. Cholesterol increagbe wall
permeability when the arterial walls are damagefiained or dilated. When the fatty and fibrousuess are clotted
in the wall lumen, its distribution acts like a pas medium. Many researchers have attempted torstadd the
different flow features by considering blood floraugh a porous cylindrical tube under stenosis.

G.S. Beavers et al. [1] studied the boundary c@mbtat a naturally permeable wall and suggestatitiie effect of
boundary should be replaced with a slip velocitgpartional to the exterior velocity gradient. D.¥oung [2]
investigated the effect of time dependent stenmsiblood flow through a tube taking blood as a Nean fluid.
R.K. Dash et al. [3] investigated the Casson flilidv in a pipe filled with a homogeneous porous mad by
applying the Brinkman model for the Darcy resistasbown by the porous medium. B.K. Mishra et dlsfadied
the effect of porous parameter and stenosis heighibe wall shear stress of human blood flow. Shvé et al. [5]
discussed the effects of the wall permeability tigto a stenosed artery. D. Jogie et al. [6] stuthiedaminar flows
of two immiscible fluids through permeable channel.Kumar et al. [7] investigated the porous effeoh two
phase blood under magnetic field. S. Pramanik §&duCasson fluid model to study the boundary |8yét flow
with heat transfer past an exponentially poroustatiing surface under the thermal radiation aneives! that the
skin-friction increases when the suction paramieteneases. Gaur and Gupta [9] discussed a Cassdmibdel for
steady flow through a stenosed blood vessel in lwhighors explained that the axial velocity, voltrceflow rate
and pressure gradient increase with the increaskprvelocity and decrease with growth in yieldess. Gaur and
Gupta [10] studied the slip effects on steady fitwmough a stenosed blood artery and found thatl axiacity,
volumetric flow rate and pressure gradient decredmeg the radial distance as the slip length iasee but the wall
shear stress increases with increase in slip le@ghr and Gupta [11] also analyzed the magneficisfon steady
blood flow through an artery under axisymmetricnst@s and concluded that the axial velocity andv flitux
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increase as the magnetic field gradient and slipcity increase but they decrease with the stenosight along
axial distance.

2 MATHEMATICAL FORMULATION
Steady, laminar and incompressible flow of bloagtigh an axially symmetric stenosed cylindricakgrin z —
direction is considered.

The geometry of the stenosed artery is given below:
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Let R, be the radius of the normal tube &(@) be the radius of the stenosed portion given byaf2]
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Tt T
= 1

R@) = (2.1)

Ry ; otherwise

WhereIS is the length of the stenosis in the artery of lvegthl, Z, is the position of the stenosis of maximum
heighth. Lett andz be radial and axial coordinates respectively.

The blood is considered to behave like Casson fhadsing through the artery having permeable wails
homogeneous and isotropic materials. Flow is camsitito be governed by the Darcy’'s Law.

With above considerations, the equations of matiaime dimensional form are:
B 10 =
AR (Ft) =0 (2.2)

op _
% _g (2.3)

Wherep is the pressure at any point afidbe the shear stress of the Casson fluid with vieilg simplified
constitutive equations:

v 2
F(T.) = _% = Eic(fi/z —-7/*) forT, = 7%, (2.4)

v,

P 0 forT. £ 7, (2.5)

wherev, is the axial velocity of the blood, be the yield stress ard is the fluid viscosity.

The equations (2.2) to (2.5) are subject to thiedahg boundary conditions [1]:

250
Pelagia Research Library



Manish Gaur and Manoj Kumar Gupta Adv. Appl. Sci. Res,, 2014, 5(5):249-259

T. = Finite Value atr=0
V. =V att = R(2) (2.6)
avc

o — — — /=
e =ﬁ(vS — V¢ att =R(Z)

Where by Darcy’s law,

o= _E0P

Vg = Ec 22 (27)
Herev, represents the slip velocity - directiony; is the filter velocity of fluid through the porousgion known

as the Darcy value be a non — dimensional quantity known as thepiameter which depends upon the material
parameters characterizing the structure of poroatemnal within the boundary region agds the permeability of
the wall material.

Introducing the following non — dimensional varieblas

R@) _ Zy+ls-Z i Tc T Ve Vs

R(z) =—=, z= r=—, T =—= Tg = —= Ve =—=—, Vg = —=5—=
@ ==, o’ Ro’ ¢ PoRo/2” ® 7 PoRo/2’ "¢ PoR3/2k’’ ' PoRj/2kc
Ve h € odp op/oz
=Y gzl e E on_owor (2.9)
PoR§/2kc Ro RG" 0z Po

Herep, denotes the steady — state amplitude.

With above non — dimensional scheme, the radiuseoftenotic area of the artery becomes
1—Hcos?nz; 0<z<1

R(») = {1 ; otherwise (2.9)
Non — dimensional forms of equations (2.2) to (2%

dp , 10 _
_ZE—I—;E(FTC) =0 (2.10)
op _
5 =0 (2.11)
—% = (/% - 13/2)2 fort, = 1, (2.12)
Ze=0 forr, < T, (2.13)
The dimensionless slip boundary conditions are
T. = Finite Value atr=0
Ve = Vg atr = R(z) (2.14)
Ove
=25, —v) atr=R()
wherevy = -2 € Z—Z (2.15)
Applying condition (2.14) in equation (2.10), tHeear stress. and wall shear stresg are obtained as:
To=-r2 (2.16)

— _R®
R = —R— (2.17)
From equations (2.16) and (2.17),
Tc _ T
=R (2.18)
whereR = R(z)
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METHOD OF SOLUTION

Integrating equation (2.12) under conditions (2.443 using the result (2.15), the velocity in tegionr, <r <
R(z) wherer, = _—p being the non — dimensional radius of the plug/ftegion, is given as:

e1/2

R 8 1/2/ 3/2 3/2 1/2 1/2\2 | 2€t
c:a[(TR_TC)_ 0/ ‘[R/ /)+2T0(TR—TC)]—— TR/ /) +TR (3.2)

Within plug flow region i.e0 < r < ry, T = T atr = ry, therefore the plug flow velocity is

_ R 8 1/2_3/2 el/? L1/2 1/2\2 | 2€t
vp = —TR——TO 300 TR +2‘[0TR]— R — T, ) +TR (3.2)

Now the volumetric flow rate in the dimensionlessfi for the regio® < r < R(z) is obtained as:

Q=4 fOR rv(r)dr’

I'p R
= 4f rvpdr+4f rv.dr
0 I'p
Hence
_ R4 16 12772 4_ 3 1 4 26'2 o 1/2 _ 1/2
Q_E(TR > T TR +§T0TR—ZT0)—TR (‘ER ) + 4 € Rty (3.3)

If tp K TRi.€. t—° « 1, then equation (3.3) becomes

3 1/2
Q= R7( 16_[(1]/2T1R/2 +4 3 )_ 2€ ( 1/2 1/2) +4€ Rty (3_4)
which gives us the wall shear stress for the seghastery as
2
42aQ 2_4 1/2

T = [2%3'5(11/2 +{ q:: 4 (o1 4(:;2({13)%} (3.5)
Where

@1 = 24R%*(2aR — 7 €%/2)

@, = 28R?(aR — 3 €1/2) (3.6)

@3 = 21R(aR? — 4R €24 8a €)

The pressure gradient is obtained by using equéBd) in equation (2.17) as:

2_ 1/21?
9p _ _l[%_[(l)/z + {42aQ + (o1 4<L;2(03)_[0} ] (3.7)
3

0z R @3 403
RESULTSAND DISCUSSION

The velocity profile for the axial velocity in then — plug flow region has been derived in equafh) and the
graphical discussions of the results are mentiaméidgures 1(a) and 1(b).
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Figure 1 (a): Variation of Axial velocity Along Axial Distance for

Different Values of the Permeability & , Slip Parameter ot, Stenosis

Height H and Yeild Stress 7, with Some Fixed Values 7, =0.070 and

17,=0.030
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Figure 1 (b): Variation of Axial velocity Along Radial Distance for
Different Values of the Permeability & , Slip Parameter ¢t, and Yeild
Stress %, with Some Fixed Values T, =0.070 and 7,=0.030.
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Figure 1(a) shows the changes in the axial velaibpg axial distance for the different valueshd permeability
€, slip parametes, stenosis heighi and yield stress, with some fixed valuesg = 0.070 andt. = 0.030. The

axial velocity increases when the wall permeabilityreases but it decreases when slip parametmoss height
and the yield stress increase.

Figure 1(b) represents the variations of the axwbcity versus radial distance for the variousuesl of the
permeabilitye, slip parametest and yield stress, with some fixed valuesg = 0.070 andt, = 0.030. The graph
of axial velocity shows a fall up to the stenosigl @hen rise along the radius of the artery. Thialaxelocity
increases with increase in wall permeability wheréaecreases as slip parameter and yield stiessase.

The graphical details of the axial velocity for thieig flow area obtained through equation (3.2) besn shown in
figures 2(a) and 2(b).

0.042 Tp € @ H
] 0.010 0.010 —0.10 0.10
0.041 - n 0.011 0.010 —0.10 0.10
1 | 0,010 0.011 —0.10 0.10
| 0.010 0.010 —-0.11 0.10
0.040 v 0.010 0.010 —0. 10 0.15
0.039
1
VP 0.038
1 i
0.037 1 v
1 11 n v
0.036 -
0.035 5
] 1 1 ] 1
0 0.2 0.4 0.6 0.8 I

—_— —
Figure 2 (a): Variation of Plug Flow Velocity Along Axial Distance for
Different Values of the Permeability & , Slip Parameter o, Stenosis
Height Hand Yeild Stress 1, with Some Fixed Values 7, =0.070 and

7,=0.030.

Figure 2(a) gives the variations in plug flow vétpalong the arterial axis for different valuestb& permeability

€, stenosis heigl and yield stress, with some fixed valuesy = 0.070 andt, = 0.030. The plug flow velocity

increases with increase in the wall permeabilityibdecreases when the yield stress, slip pararaatthe stenosis
height increase.

Figure 2(b) shows the variations in plug flow veéfpcalong radial distance for the various values tioé
permeabilitye and yield stress, with some fixed valuesg = 0.070 andt, = 0.030. The general behaviour of
plug flow velocity is to decrease initially and th& increase with increments in radial distandee Pplug flow
velocity increases with the permeability but it eses with the yield stress and slip parameter.
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Figure 2 (b): Variation of Plug Flow Velocity Along Radial Distance for
Different Values of the Permeability &, Slip Parameter ot and Yeild
Stress T, with Some Fixed Values 1,=0.070 and 1.=0.030.
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Figure 3 (a): Variation of Volumetric Flow Rate Along Axial Distance
for Different Values of the Permeability & , Slip Parameter o, Stenosis
Height H and Yeild Stress T, with Some Fixed Values t,=0.070 and
1,=0.030.
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The variations of the volumetric flow rate obtairtedough equation (3.4) are plotted against thaladistance for
the various values of the permeability slip parametes, stenosis heighi and yield stress, with some fixed
valuestg = 0.070 andt. = 0.030 in figure 3(a). The figure shows that flow fluxcheases when the wall
permeability increases but it decreases as thgatliameter, stenosis height and the yield stresease.
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Figure 3 (b}: Variation of Volumetric Flow Rate Along Radial Distance

for Different Values of the Permeability & , Slip Parameter Of, and

Yeild Stress T with Some Fixed Values T, = 0.070 and 7= 0.030.

Figure 3(b) shows the variation in the volumettanf rate versus the radial distance for the diffienealues of the
permeabilitye, slip parametest and yield stress, with some fixed valuesg = 0.070 andt, = 0.030. The flow

flux increases with increase in radial distance Hrel permeability and decreases with the increaseall slip

parameter and the yield stress.

Figure 4(a) represents the variations of the wadlas stress obtained through equation (3.5) alaiad distance for
different values of the permeabiligy slip parametett, stenosis heighi and yield stress, with some fixed values
Tr = 0.070, T. = 0.030 andQ = 1. The wall shear stress increases with increasieeistenosis height, yield stress
and the wall slip but it decreases as the wall palility increases.

256
Pelagia Research Library



Manish Gaur and Manoj Kumar Gupta Adv. Appl. Sci. Res,, 2014, 5(5):249-259

0.66

0.64 -

(.62 -
TR 0.60 -
0.58 -
0.56 -

0.54

0.52

0 0.2 0.4 0.6 0.8 1

—F —
Figure 4 (a); Variation of Wall Shear Stress Along Axial Distance for
Different Values of the Permeability & , Slip Parameter O, Stenosis
Height H and Yeild Stress T, With Some Fixed Values T, = 0.070,

t.=0.030and 0= 1
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Figure 4 (b): Variation of Wall Shear Stress Along Radial Distance for
Different Values of the Permeability € and Slip Parameter ¢ with Some
Fixed Values T,=10.070, 7.=0.030, 5,=0.010 and 0=1.
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Figure 5 (a): Variation of Pressure Gradient Along Axial Distance for
Different Values of the Permeability < , Slip Parameter o, Stenosis
Height H and Yeild Stress T, with Some Fixed Values 7, =0.070,

1,=0.030 and Q=1.
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Figure 5 (b): Variation of Pressure Gradient Along Radial Distance for
Different Values of the Permeability € and Slip Parameter ot with Some
Fixed Values 1, =0.070, 1.=0.030, 7,=0.010 and O=1.
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Figure 4(b) shows the variation of wall shear stratong the radial distance for the different valwé the
permeabilitye and slip parameter with some fixed valuesg = 0.070, t. = 0.030 andQ = 1. The wall shear
stress decreases as the wall permeability incredsiéss it increases when the wall slip increases.

Figure 5(a) shows the variations of the pressuaelignt derived through equation (3.7) along theladistance for
the different values of the permeabiley slip parametes, stenosis heigl and yield stress, with some fixed
valuestg = 0.070, T, = 0.030 andQ = 1. The figure shows that pressure gradient increadgsincrease in the
wall permeability while it decreases as the slipapzeter, yield stress and the stenosis heightasere

Figure 5(b) represents variations of the pressuaeignt versus the radial distance for the differaues of the
permeabilitye, slip parametew, stenosis heigh and yield stress, with some fixed valuesg = 0.070, T, =
0.030 andQ = 1. The pressure gradient exhibits increase alongutiegial axis. It decreases with the increaséén t
permeability and the wall slip.

Table 1 shows the variations of the wall shearsstiand the pressure gradient versus yield stregg éhe radial
distance. It exhibits that the wall shear stresgafses with increase in radial distance but iteages as the yield
stress increases. The pressure gradient increaeshe increase in radial distance and decreaseshe yield
stress increases.

Table 1: Wall Shear Stressand Pressure Gradient versus Radial Distanceand Yield Stress.

R=0.1 R=0.5 R=1.0
To dp dp

TR e TR

dp
TR —
0z 0z dz
0.010 | 41.894838§ -418.9483880 1.98300960 - 3.95850.5307037| - 0.977039
0.015| 42.138777Q0 -421.3877703 2.04537614 - 4.080020.5642221| -1.022394]

0.020 | 42.3448658 -423.4486586 2.09866980 - 4.155830.5932526| -1.0614074

[*2]

~

CONCLUSION

The study shows that the axial velocity in bothgpdund non — plug flow regions, flow flux and thegsure gradient
increase along axial and radial distances whenatterial wall becomes more porous. The wall shégrss
decreases with increase in the wall porosity bueitreases as the slip parameter along axial atia distances.
Also the skin friction decreases when the stentmsight increases along axial distance. The axialcity, flow flux
and the pressure gradient decrease along thedigiahce when the slip parameter and the stenegibthincrease.
The axial velocity, plug flow velocity, flow flux ecrease along axial distance when yield stresgasess which
verifies the author’s previous work [9].
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