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In this study, the combined effects of inclination and catheter on the biliary flow of a Carreau fluid through an eccentric catheterized
duct with a porous material are mathematically investigated. The perturbation technique is employed to solve the governing equations,
considering low Reynolds numbers, a long-wavelength approximation, and suitable small parameters. The surgical technique, when a
catheter is inserted eccentrically into the duct, is connected to the outcomes of the investigation. Several parameters have been used to
achieve the analytical solutions. Axial velocity, pressure gradient, flow rate, and wall shear stress are displayed in these data, together
with the following emergent parameters: wall slip parameter, Weissenberg number, fluid behavior index, Darcy number, and angle of
inclination. The pressure gradient is significantly altered by the angle of inclination and porosity parameter, and the catheter's axial
velocity falls as the Weissenberg number rises. The physiological observations are consistent with these findings.
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INTRODUCTION

The particular kind of pumping called peristaltic pumping makes it simple to move a range of rheological biofluids
from one organ to another. The progressive wave of the duct wall's periodic contraction or relaxation causes the peristaltic
motion. The catheter is essentially a long tube that is intended for use in ophthalmic, neurological, urological,
cardiovascular, and gastrointestinal purposes. In addition to measuring several physiological flow characteristics like flow
velocity, flow rate, pressure increase, and pressure gradient, the catheter is employed in clinical procedures to diagnose
and treat illnesses. The initial hemodynamic conditions within the duct are disturbed when the catheter is introduced
because it causes an annular zone to form between the catheter and the duct wall. Additionally, the catheter increased the
flow's frictional resistance. Strasberg et al. [13] tested the accuracy of the results of the mathematical model by an
experimental investigation. They establish the connection between biliary flow and canalicular clearing. Additionally, the
treatment of post-operative bile fistulas by internal endoscopic biliary drainage was investigated by Sauerbruch et al. [12].
James et al. [4] investigated orthotopic liver transplant recipients who had nasobiliary catheters inserted endoscopically,
which aid in rerouting the flow of bile. According to Tripathi ez al. [14], peristaltic transport via a finite channel, peristaltic
heat flow creates a porous environment with greater resistance and enhanced as the Grashof number rises. By observing
the effect of Weissenberg number and power index on axial velocity, Nadeem ef al. [8] studied the unsteady peristaltic
transport of Carreau fluid flow in an eccentric tube. It found that the axial velocity profile decreases as the values of the
Weissenberg number and the power index increase. According to another mathematical model of papillary stenosis with
stone developed by Kuchumov et al. [5], the permeability parameter, Weissenberg number, and amplitude ratio all affect
the pressure that corresponds to the reflux state. Gudekote et al. [3] examined the Casson fluid moving through porous
walls impacted by the wall slip parameter and elasticity. They discovered a correlation between rises in pressure and angle
of inclination, noting that as the degree of inclination increases, so does the pressure. Nabil et al. [7] investigated the
impact of heat and mass transfer on Casson fluid flow via two coaxial cylindrical tubes with peristalsis. Nurulaifa ez al.
[9] developed a mathematical model of Bingham fluid flow through an overlapping stenosed artery and discovered that
when the plug core radius increased, the dispersion function decreased. It accounts for various leakage instances, such as
leaking from the common bile duct lesion, choledochotomy, and cystic duct stump. The viscous flow between two
sinusoidal deforming concentric tubes was analytically examined by McCash et al. [6]. It also discussed the applications,
such as endoscopy of curved human organs and the maintenance and enhancement of intricately designed machinery.
Moreover, by using a mathematical model of blood flow through a stenosed artery with post-stenotic dilatation, Dhange
et al. [2] examined various physical attributes that affect fluid resistance to flow and noted that the surface shearing stress
decreased with the upsurge of resistance. Moreover, a mathematical model of an eccentric catheterized artery with heat
transfer was studied by Reima et al. [11]. They investigated the impact of temperature in the scenario where the artery is
the outer tube, and the catheter is the inner tube. The results obtained are consistent with physiological observations as
well as the causes and complications related to catheterization. They described how the model is applied to the
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cardiovascular system and found that the viscosity of the peripheral layer reduces as the wall shear stress lowers. In the
investigation of the fractional Oldroyd-B fluid between two coaxial cylinders loaded with gold nanoparticles, Cao ef al.
[1] observed that the inclusion of nanoparticles increased the base fluid's heat capacity. A model of nanolayer fluid flow
over a porous surface in the presence of carbon nanotubes was proposed mathematically by Raza et al. [10]. They also
examined the impact of increasing interfacial nanolayer thickness from 3 to 9 nm, which has a substantial effect on thermal
performance and thermal conductivity.

Modern literature shows that bile is not strictly Newtonian: it commonly exhibits shear-thinning and viscoelastic
features that vary with bile composition, pathology, and shear-rate range. We therefore justify the Carreau (shear-
thinning). Experimental and review studies report shear thinning and viscoelastic features in bile depending on
composition and disease state; thus, a shear rate-dependent viscosity model is appropriate for theoretical investigation.
Recent reviews summarizing bile rheology, such as those by Kuchumov et al. [5], consider bile as a non-Newtonian fluid.
These studies, along with related experimental reports, led to the selection of bile as a Carreau-type model.

In the present study, the combined effects of eccentric tubes, porosity, and angle of inclination on the peristaltic
transport of Carreau fluid in an axisymmetric tube were examined. The findings might be beneficial in the various
practical applications of medical science. The regular perturbation technique is used to solve the two-dimensional
mathematical model in a cylindrical coordinate system. The Weissenberg number and eccentric parameter are involved
in the solution of this investigation process. The resulting equations were solved analytically under the appropriate
boundary conditions. With the help of influencing factors like the fluid behavior index, amplitude ratio, Darcy number,
slip parameter, and angle of inclination, the expression has been derived for axial velocity, pressure gradient, wall shear
stress, and flow rate. The obtained expressions were graphically represented in various combinations with emerging
parameters. The results of the current model were evaluated and related to the intricate physiological flow of the bile
through the diseased duct. It greatly aids in the investigation of bile flow in the duct in a much better way than earlier,
especially in dialysis cases.

MATHEMATICAL INTERPRETATION OF THE PROBLEM
The flow of bile is modeled by considering the peristaltic flow of an incompressible Carreau fluid flowing inside
the eccentric tubes, in which the inner tube is uniform and rigid, representing a catheter placed in an eccentric position
within the pancreatic duct. The pancreatic duct is filled with the porous medium of finite length L and inclined at an angle
a with the horizontal is taken into account as the outer tube. The relevant equations of momentum and continuity in vector
form are as follows.

Figure 1. Geometrical representation of the problem

The fluid density p is uniform incompressibility conditions, the equation of continuity is:
V=20 (1a)
The equation governing the motion is:

[°)% 1 1
(5+ (V. V)V) = VP + V.1 (1b)

Where, V = (u, v, w), the velocity components in the r, 8 and z directions respectively, P is the pressure, p is the density
and t;, is the extra stress tensor.

The geometry of the non-uniform pancreatic duct with a catheter and the wall deformation due to an infinite
sinusoidal wave propagating along the wall is mathematically described as

R,(z) = R, — mz + ztana + bsinzAE (2a)

Re(2) =7, (2b)

The constitutive equations for the non-Newtonian fluid are described by the Carreau equation
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éln = —p&m tTin (3a)

y L
F1= [teo + (o = ) 1+ ((19) )| 7 (3b)

here 7, is the extra stress tensor, p stands for pressure, §;, is the Kronecker delta, y, and u, are the zero and infinite
shear rate viscosities, 7~ is the time constant, and m is the dimensionless fluid behavior index. The shear rate y is defined

as follows:
Y 1 Y Y 1
V= /;ZZymm = /;n (3¢)

Where, 1 is the second invariant strain rate tensor. In case of {1, = 0 and by using Taylor’s expansion in equation (3c),
we get:

= o [1+ =2 (1)) P1n (3d)

The biliary system, having stenosis, is assumed as a cyhndrlcal elastic tube/model of the circular cross section
containing an incompressible non-Newtonian fluid. The bile flow is modeled to be laminar, unsteady, two-dimensional,
axially symmetric, and fully developed bile characterized by generalized Carreau model by considering an inclined non-
uniform pancreatic duct filled with a porous medium. Under the assumptions, the governing equation may be written in
the cylindrical coordinate system (7, Z, é) as

6u u 1
o Trtias T =0 (42)
U | ou  bou P, oUW\ _ 9P, 10 ryx L10 _Cog
p(§+u¥+;£—?+w—z)— af+r“af(rcrr) ré(CT9)+azCTZ p o pgeosa (4b)
(a—‘v’+“6—f’+ﬁa—’v’+@+wa—’v’) _19, L2 (#2¢ )+-—(C )+ > C (4c)
P3¢ YT ax) — 78 @ 2or 0 ag \ 99 6z
0w | L O0W | BOW 0w\ _ 9B 10 (.
(E—l— E—I—?ae 5)— 0é+r6r rz)+ (ng)+ sz+pgsma (4d)

Here, p stands for density, W and i are the velocity components, P is the pressure, g2 = i ,Da = ; , € is porosity, k

is the permeability, and Da is the Darcy number.
From equation (3a) - (3¢) and (3d) we get:

=2 () G G5 (s

Crr = 200 [1+ 22 ((17)")| (B2). (5b)
e = Mo[1+ (7)) GF + %) (59
o=+ 222 (T )] (2 42205, s
oo = o |1+ 25 (7)) G35+ 5) (59
Con = o [1+ =2 ((7))] (555 + 55)- (5

Coe = o [1+ == (1)) 55- (52)

Here, u(r,0,z,t),v(r, 0, z,t) and w(r, 0, z, t) represents the velocity components in r, 8 and z directions respectively,
. . . . ap . .
p is the pressure, p is the density of bile and £ is the pressure gradient.
Assuming that the catheter is moving in the axial direction with velocity V; and the catheter has a fixed radius 7y
Porous boundary (Darcy) models transmural leakage/permeation through the duct wall (e.g., in a fistula or diseased

epithelium) and aggregate epithelial hydraulic permeability and lymphatic uptake. Inclination captures the gravitational
contribution relevant to anatomical placement. Suitable boundary conditions are as follows

u(r,0,z,t) =v(r,0,z,t) =0atr =R, (z,1t), (6a)
K F)
—% =15 atr =Ry, (2t), (6b)

w(r,0,z,t) =V, atr =r,. (6¢)
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Assuming the system is at rest, i.e., no flow occurs.
u(r,0,z,t) =v(r,0,z,t) =w(r,0,z,t) =0att =0,

Let us introduce non-dimensional variables

2 7 v At R Ro2p cR
Z=_)T=_IU=_)u=_) __0) = Op; =p 2
Lo Ro c CRo lo Lomoc Ho
ct R(%) Hy, (%) Lo Ry x Ro cl ~ ¢y
t=—,R(z) =—, H,(2) = =2C C.=-2C., &= We==",y==L
I (2) Ro w(2) Ro ° 72 T g zz b T b % Lo’ Ro’y Ro
Reduced non-dimensional equations are
ou 10v ow _ 0
or r r o6 9z
ou ou  vou v? ou ap 190 10 d Cog Ropg
e (S W) B )+ L ) € e
ce ot tu ar "rae  r " VWos ar + €s 6r( Crr) + & r a6 (Go) te dz Crz r LoloC
v ov  vov  uv v 10dp 10, 5 10 2 0
Ree? (— Uu—+-—+— W—) =—-—+e5—(rC e=—(C e“—C
e TUn T T TS, ra0 T €725, (M Cre) + 2755 (Cog) + 8752 Co,
ow ow  vow ow dp , 10 10 a Rong .
Ree (— —+ - W—) =——+-—(rC -—(C e—C sina
ot + 0r+r66 dz az+r6r( rZ)+r69( 0z) + dz ZZ+L0u0c

(6d)

(8a)
cosa (8b)
(8¢

(8d)

a? a® . . . . .
Wheren = %, n' = ’757 , 0 is the dimensionless wave number, We is the Weissenberg number, Re Reynolds number,

and Kn Knudsen number.
The non-dimensional boundary conditions are

u(r,0,z,t) =v(r,0,z,t) =0atr = R,(zt),

Knw

VDa

w(r,0,z,t) =V, atr =7,,

3
= rS%atr =R, (zt)

Let the system be at rest, i.e., no flow takes place.

u(r,0,z,t) =v(r,0,z,t) =w(r,0,z,t) =0at t =0,

SOLUTION OF THE PROBLEM

(9a)
(9b)

(9¢)

(9d)

Considering a steady and laminar bile flow in an eccentric tube under the lubrication approach by neglecting the
higher-order terms of § and Re. The equations of continuity, r-momentum, -momentum and z-momentum become

ap ’
— =r7n'cosa
or n
ap , 19 19
— —nsina = -—(rC, -—(C
9z n rar( rz)+rag( Gz)
op
-9
a6

CTZ

[1+ 22wer (2 + (22))| ()

Con =t [1+ 22 we2 (52) + (55) )] G55)

(10a)
(10b)
(10c)

(10d)

(10e)

We observe that equation (10b) cannot be solved analytically. The non-Newtonian behavior of bile is significant in
small ducts at low shear rate, so we have assumed that the shear rate is low, i.e., /} < 1. Linearizing the equation in terms

of the Weissenberg number We? by the regular perturbation technique.
w=w, + We?w, + -,
p=po+We?p; + -,
q=qo+We'q + -,

Using equations (5a)-(5g) into equation (10b) we obtain:
Zeroth-order system of We? equations with boundary conditions

%wo 10wy _ dpg ,
ar2 ror oz nsina
_knw, _dwg

752 = e oy atr =R, (z,t), wy =V, atr =1,

an

(12a)

(12b)
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A first-order system of We? equations with boundary conditions

wy | 10wy _ 9py  m-1(1 (6w0)3 i(awo)?’
or? +r ar oz 2 \r\or +6r ar (120)
Knwq owq
wo =0, atr =1, —ﬁ=‘f‘ca—r atr =R, (z,1t) (124d)

The slip boundary condition equation (12b), where Da is the Darcy number, which represents the porosity parameter,
and Kn is the wall slip parameter, let y = o _ nsina.

The solution of the zeroth-order system “
wo = L xr? + Aplogr + Ay (13a)
The solution of the first-order system
wy = (ddz:) - [32 ()3r* — (A“) += ()()ZAllr ] + Ayzlogr + Ay, (6.13b)
The volumetric flow rate @, is given by
Q, = fORW(Z) w,rdr = forc V.rdr + friW(z) w,rdr (14a)

Rw4_ c4 2 2R
Qo = Vcrc2 + (X) ( ) & ) + All(sz log\/ Rw - T lOg\/FC) + A11 (Cp

From equation (14b), we get

d 2 c>—R
% = (R 4_ ) (Qo Ver 2 - All(Rw2 log\/ Ry —1; log\/Fc) - All (T 4

The volume flow rate Q; is given by

2 2_
e ) — Ay, (RW > fe )) + nsina (14¢)

0, = fORW(Z) wyrdr = forc O.rdr + erW(Z) w;rdr (15a)
4 6 4
dp —rc m—1 Rws—rc (A )3 —rc
Q= (dzl)( 16 ) T2 [(X)g ( 192 ) 2 log( ) +300% A ( 32 )]
2
A5 Ry 10g Ry, =12 log 1) + Ays (500 4 4, (R0 ) (15b)

From equation (15b), we get

o () (o 25 (4555) - 247100 () 300°m (25

RW_C

16 -1’
- <w) A13(Ry,* log VRw =7 lOQ\/Fc) Asz ( ) Ay ( 2 . ) (15¢)
Substituting in equation (11) we get
dpy _m-1 3 4 _ (411)° 2
()()r + Ay logr + Ay, + We? { ( ) [32 ()°r +- ()() A ] + Azlogr + Ay, } (16a)

dz Tz

_ 22
Q VT'C + (X)( )+A11(R 10g1l -1 lOg /rc) +A11 (Tc Rw ) +A12 (Rw 2Tc )_l_
2 ((@p0) (Rut=re’) _m=1[ 3 (RuS-r’) _@1)®) Ry L (Rt
We {( dz)( 16 ) 2 [0{) ( 192 2 log(rc)+30() A11 32

+We? {A13(R 2log Ry — 12 log\JT2) + Ary (—)+A14( ‘“2)} (16b)

Similarly,

d —w W2_ ?
d_z = ( 48 4) (Qo - Vcrcz - All(R log\/ - T lOg\/TC) Apq ( = ) — A (R 2 = )) +

Rw ™ =T¢

psina + W (25 (01 + 252" (B55) — 2 g (2) 4 37 (2255 )
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—We? {A13(R log /R, — T, log\/r_c) A13(

Ry2—70°
)—A14( v )} (16¢)
Where constants are

Ay = |4V Kn"‘()()(KnR 2 _ Knr,” + 2vDaR,, )]<_—1>

4\/D_a+Knlog(i—"CV)
Ap =V, _%O()Tc — Ajqlog 7,
_ 1 1dp; 2 _ 2 m-1
Az = <M+Knlog(R—W)>[ (KnTC — KnR,, 2\/D_aR )] (\/ﬁ+Knlog(RW)>( 5 )
1

{0 (knR,* — Knr," + 4VDaR,*) + 164,,% + 22 (0)? (KnR,,* - Knr,” + 2vDaR,*)}

+< 1 )(m—l) A4 (KnRW —Knrcz+2x/Wrcz)

\/W+Knlog(li—"c") 2 2, 2

2 Rw“1¢

_ _ 1t dpy et 3 A11 3A117”c2 2
A1y = —Agzlogr; T ( ){ )° - R ) }
RESULTS AND DISCUSSION

In the present paper, the effect of various physiological parameters involved in the peristaltic flow of bile in an
inclined eccentric tube filled with a porous medium is analyzed. The results of the present mathematical model are
evaluated with the help of MATLAB 2021a. The range of physiological parameters to analyze the resulting expressions

. . . .d . s .
of axial velocity w, and pressure gradient d—z and the volumetric flow rate Q in this study, the porosity parameter Da, angle

of inclination a, Weissenberg number We, velocity of the catheter V,, radius of catheter 7;, gravity parameter 1, wall slip
parameter Kn and fluid behavior index m.

The axial velocity profile with respect to radial distance has been made from Figures 2(a)-2(h) for several values to
emerging parameters and the graphs shows that the axial velocity is maximum at the surface of the catheter (outer wall
of catheter) and as we move towards the wall of duct axial velocity decreases and is minimum at the wall. Figure 2(a)
shows the effect of the porosity parameter on axial velocity. The axial velocity increases with the porosity parameter;
maximum velocity occurs at the highest value of porosity parameter because the number of pores increases with the
increase of porosity parameter, so the fluid can easily move through the duct. In Figure 2(b), we see the effect of the angle
of inclination on axial velocity. The axial velocity increases with the increase in angle of inclination. An inclined duct
helps to pass fluid quickly through the duct, so inclination marks a positive impact on axial velocity. In Figure 2(c), we
observe that the axial velocity falls as we increase the Weissenberg number. The high elasticity of fluid reduces the axial
velocity. Figure 2(d) displays the axial velocity profile for different values of the radius of the catheter. It is noticed that
axial velocity increases with the increase in catheter radius. In Figure 2(e), we see that the axial velocity increases with
the velocity of the catheter and is justified by the nature of the curve. If we increase the velocity of the catheter, it helps
to raise the velocity of the fluid. Figure 2(f) shows the effect of the gravity parameter on axial velocity. The axial velocity
increases with the gravity parameter, because the bile flows from the upper body parts to the lower parts of the body, so
gravity plays an important role in flow. In Figure 2(g), we see that the axial velocity falls with wall slip conditions as it
produces a hindrance to flow at the duct wall of the duct, so velocity reduces for a higher wall slip parameter. Figure 2(h)
shows the effect of fluid behavior index on axial velocity for large values of m . The fluid is in the shear-thinning condition
and at m = 1. Fluid behaves like a Newtonian fluid, clearly showing axial velocity increases with the fluid behavior
index.

-1 T T T T T T -1
Da=1
Da=3
ot Da=5| |
Da=7

Axial velocity
IS
Axial velocity

’ 0.3 O.‘4 U.‘S 016 017 0.8 04‘9 1 . 0.3 0.‘4 015 0.‘6 0.‘7 0.‘8 (‘l.‘() 1
Radial distance Radial distance
Figure 2(a). Profile of axial velocity w with r for different Figure 2(b). Profile of axial velocity w with r for different

values of Da with a = %,We =3,7, =015V, =025, = values of awith Da=3,We=3,7,=0.15V,=0.25,n =
0.35,Kn = 0.2,b = 0.5,m = 0.3685 0.35,Kn =02,b =05m = 0.3685
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Radial distance Radial distance
Figure 2(c). Profile of axial velocity w with r for different Figure 2(d). Profile of axial velocity w with r for different
values of We with Da = 3,a = g 1. =0.15,V, =025,p = values of 7, with Da=3, a= %,We =3,1,=025,1=

0.35,Kn =0.2,b = 0.5,m = 0.3685 0.35,Kn =0.2,b = 0.5,m = 0.3685
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T
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m=0.565
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b
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Radial distance Radial distance
Figure 2(e). Profile of axial velocity w with r for different Figure 2(h). Profile of axial velocity w with r for different
values of V, with Da =3, a=%,We=3,rC=0.15,17= values of, mwith Da =3, a=%,We=3,rC=0.15VC=

0.35,Kn=0.2,b = 0.5, m = 0.3685 0.25,7 =0.35,Kn=0.2,b = 0.5

n=025
— =035

Axial velocity
Axial velocity

6 . I . | . L 7 | . L L L L
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Radial distance Radial distance

Figure 2(f). Profile of axial velocity w with r for different Figure 2(g). Profile of axial velocity w with r for different
values of nwith Da=3, a= %,We =3,1,=025r= values of Knwith Da=3, a = %,We =3,n.=015,n=
0.15,Kn =0.2,b = 0.5,m = 0.3685 0.35,V. = 0.25,b = 0.5,m = 0.3685

Figures 3(a)-3(h) show pressure gradient distributions with respect to the axial distance of the various emerging
parameters, and the graphs depict that more pressure is required to maintain the same flux in the narrow part of the duct
due to the flexible wall, the duct contract or expand along the z-axis. Figure 3(a) shows the effect of the porosity parameter
on the pressure gradient. The pressure decreases with increasing the porosity parameter. The minimum pressure is
required to maintain the same flow rate at high porosity parameters, because porosity directly signifies the number of
pores in a porous medium, so fluid passes easily through a porous duct for a high value of porosity parameter. Figure 3(b)
shows the effect of angle of inclination on pressure gradient and observed that a lower pressure is required to maintain
the same flux at a more inclined duct, i.e., the pressure gradient falls as we raise the value of inclination. Figure 3(c)
shows the effect of Weissenberg number on the pressure gradient. More pressure is required to maintain the constant flux
for an elastic fluid. Pressure gradient increases as we raise the Weissenberg number. In Figure 3(d), we see that low
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pressure is required to pass through the duct with a large size of radius of the catheter, clearly indicating that the pressure
decreases as we increase the radius of the catheter. Figure 3(e) shows that pressure reduces as the velocity of the catheter
increases; the high catheter velocity helps in maintaining the flow so that the fluid can easily move in the duct. In Figure
3(f), we observe that the pressure gradient drops as the value of the gravity parameter increases. Figure 3(g) displays the
pressure gradient distribution for distinct values of the wall slip parameter, as the wall slip parameter increases value of
pressure also increases. The wall slip parameter shows a negative impact on the flow. In Figure 3(h), we see the effect of
fluid behavior index on the pressure gradient. The low pressure is needed to maintain the same flow rate with the

increment in the value of the fluid behavior index.
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Figure 3(a). Profile of pressure gradient Z—Z with z for different  Figure 3(b). Profile of pressure gradient Z—Z with z for different
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Figures 4(a)—4(h) display the flow rate concerning axial distance for numerous values of decisive parameters. The
nature of the curves is the same along the z-axis; maximum flow occurs when the duct is expanded. Figure 4(a) shows
the effect of the porosity parameter on the flow rate. The flow rate increases with the porosity parameter because the
number of pores increases, which leads to flow rate. In Figure 4(b), we observe that the flow rate enhances with the angle
of inclination. The flow of fluid is downwards, so inclination increases the flow rate. In Figure 4(c), we see that the flow
rate decreases with Weissenberg number, which means a high elastic fluid will not be able to pass easily through the
eccentric duct. An increase in the Weissenberg number (We) and the wall slip parameter (Kn) leads to a decrease in bile
flow velocity because of the Weissenberg number (elasticity). The Weissenberg number measures the relative importance
of elastic stresses to viscous stresses (We = AU/L). In a Carreau fluid, higher We implies stronger viscoelastic effects.
Elastic normal stresses generated within the fluid resist deformation and act as an additional resistance to the pressure-
driven flow. As a result, for the same driving pressure gradient, the axial velocity decreases because part of the input
energy is stored elastically rather than converted into forward motion. Similar behavior has been reported in peristaltic
transport of Carreau fluids in eccentric tubes, where velocity decreases with We (Nadeem et al., [8]; Reima et al., [11]).
In Figure 4(d), we see that the flow rate falls as the radius of the catheter increases. It means maximum fluid passes
through the inner tube with fixed velocity, and the rest of the fluid moves through the porous duct. In Figure 4(¢), we
observe that the flow increases with the increase in catheter velocity. The fluid is passed quickly through the catheter.
Figure 4(f) shows the effect of the gravity parameter on flow rate, indicating clearly that the gravity parameter has a
positive impact on the flow rate. From Figure 4(g), we noticed that the flow rate reduces with the wall slip parameter.
Figure 4(h) displays the effect of fluid behavior index on flow rate. The flow rate increases as we increase the value of
m, as the value of the fluid behavior index tends to 1, the flow rate increases.
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Figure 4(a). Profile of flow rate Q with z for different values of
Da with a=7,We=3,7,=015V,=0257=
0.35,Kn=0.2,b = 0.5,m = 0.3685
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This discussion is consistent with representative studies (Nadeem et al. [8]; Reima et al. [11]) that report similar
trends in velocity, shear, and flow rate with elasticity and catheterization. Reduction in axial velocity with increased
elasticity and changes with catheter radius are consistent with previous Carreau/eccentric-catheter studies. The standard
values of the parameters shown in the discussion are based on referenced or experimentally verified. These parameters

correspond to the realistic situations.
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CONCLUSIONS
The bile is considered a non-Newtonian fluid. A comprehensive perturbation resolution has been discovered for

Carreau fluid flow down an inclined eccentric catheterized duct with a porous wall containing bile. The obtained results
in the case of Carreau fluid reveal that the flow characteristics are dependent on many parameters, such as catheter radius,
catheter velocity, angle of inclination, gravity parameter, porosity parameter, Weissenberg number, fluid behavior index,
and wall slip parameter. The key conclusions based on trends observed in the graphs are given as:

Axial velocity and flow rate increase with an increased catheter velocity, angle of inclination, gravity parameter,
porosity parameter, and fluid behavior index. It shows the positive impact on velocity and flux, which helps to
move bile through the duct. Increase in axial velocity and flow rate at higher Darcy numbers in our simulations
reflects that a more porous wall reduces resistance to flow, with clinical observations that bile escapes more readily
when the duct wall loses its tight barrier function.

Axial velocity and flow rate show a reverse nature with an increased Weissenberg number and wall slip parameter.
Axial velocity is maximum at the outer surface of the catheter and is minimum at the wall of the duct.

A catheter with a small radius increases the flow of bile. If the catheter size is large, it reduces the flow rate.

In case of pressure gradient, more pressure is required to maintain the same flux with higher values of Weissenberg
number, and for other parameters, low pressure is required to maintain the same flux.

The reduction in wall shear stress due to shear-thinning also agrees with rheological observations of bile.
Kuchumov et al. [5] analyzed the results of experiments, which relate well to the quantitative outcomes for bile.
The present study is limited to theoretical outcomes considering the experimentally validated data. Even this
analysis needs to be compared with clinical data in future work.
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HNEPACTAJIbTUYHUI HOTIK dKOBYI B AMITIYJII COCOYKA 3 HOPUCTUMHU CTIHKAMM TA IIOXHAJIOIO
EKOEHTPUYHOIO KATETEPU30BAHOIO ITPOTOKOIO
. Kymap!, T.K. PaBar?, M. l'apsanaa', C. Kymap3, C.K. YayGeii!
'Biooin nayx ma mamemamuxu, Kageopa 00ONOMINCHUX 6UMO2, YHIGepCUmem mexnono2iti ma npukiaonux nayx-Ilunac, Oman
2Vuisepcumem GLA, Beauxa Hotioa, Indisa
3Vuieepcumem ooxmopa bximpao Ambeoxapa, Azpa, Inois

VY 1poMy AOCTIDKEHHI MaTeMaTHYHO JIOCIIPKY€EThCsl KOMOIHOBaHMIA BIUIMB HAXHMJIy Ta KateTepa Ha OimiapHuii noTik pianan Kappo
4yepe3 eKCLeHTPUYHY KaTeTepU30BaHy IPOTOKY 3 MOPUCTHM MatepianoM. TexHidHe 30ypeHHS BUKOPUCTOBYETHCS IS PO3B'S3aHHS
KepiBHHX PiBHSAHB, BPAXOBYIOUH HHU3bKI urcia PeifHombaca, JOBrOXBIIILOBE HAOIKEHHS Ta BIATIOBITHI Mali TapaMeTpu. Xipypridaa
TEXHiKa, KOJIM KaTeTep EKCLEHTPHYHO BBOAUTHLCS B IIPOTOKY, MOB'sI3aHa 3 pe3yJibTaTaMH AOCHIiUKeHHS. s TOCATHEHHS aHAIITHYHHX
pimeHs OyJI0 BUKOPUCTAHO KUTbKA ITapaMeTpiB. Y IUX JaHUX BiT0OPakaloThCsl 0Cb0BA MIBUKICTE, TPANIi€HT THCKY, IIBUJIKICTh HOTOKY
Ta HaNpyra 3CyBY CTIHKH, a TAKOX TaKi HOBI IIapaMeTpy: apaMeTp KOB3aHHs CTiHKH, 4nciio BaiicenOepra, iHIeKc TOBEIHKY PiJMHH,
yucio Jlapci Ta kyT Haxmity. ['paieHT THCKY 3HAUHO 3MIHIOETHCSI KyTOM HaXHJIy Ta IapaMeTpOM IOPHCTOCTI, @ OChOBA IIBHIKICTh
KaTterepa najae 3i 30iIbLIeHHAM ynciia BaiicenOepra. Di3ionoriuHi CrocTepexeHHs Y3roKyIOTbCS 3 LUMUA BUCHOBKAMH.
KutrouoBi ciioBa: nepucmansmuynuii nomix scoeui; yubyauHa cocouka, noOpucmi CminKu; noXuid eKCyeHmpuiHa Kamemepuzoeana
npomoka



