Engineering Letters, 17:4, EL._17 4 04

Axisymmetric Swirling Motion of Viscoelastic
Fluid Flow Inside a Slender Surface of Revolution

Fernando Carapau *

Abstract—Motived by the aim of modelling the
behavior of swirling flow motion, we present a 1D
hierarchical model for an Rivlin-Ericksen fluid with
complexity n = 2, flowing in a circular straight tube
with constant and no constant radius. Integrating
the equation of conservation of linear momentum over
the tube cross-section, with the velocity field ap-
proximated by the Cosserat theory, we obtain a one-
dimensional system depending only on time and on a
single spatial variable. The velocity field approxima-
tion satisfies both the incompressibility condition and
the kinematic boundary condition exactly. From this
new system, we derive the equation for the wall shear
stress and the relationship between average pressure
gradient, volume flow rate and swirling scalar func-
tion over a finite section of the tube. Also, we obtain
the corresponding partial differential equation for the
swirling scalar function.

Keywords: 1D model, wall shear stress, average pres-
sure gradient, volume flow rate, swirling flow motion,
viscoelastic fluids.

1 Introduction

In recent years the Cosserat theory approach has been
applied in the field of fluid dynamics (see e.g. [1], [2], [3],
[4], [16]) to reduce the full 3D system of equations of the
flow motion into a system of partial differential equations
which, apart from the dependence on time, depends only
on a single spatial variable. The basis of this theory (see
Dubhen [9], Cosserat [7]) is to consider an additional struc-
ture of deformable vectors (called directors) assigned to
each point on a space curve (the Cosserat curve). The
relevance of using a director theory related to fluid dy-
namics is not in regarding the equations as approxima-
tions to three-dimensional equations, but rather in their
use as independent theories to predict some of the main
properties of three-dimensional problems, see e.g. [13],
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[14]. Several important features of a director theory are:
(7) the director theory incorporates all vector components
of the equation of linear momentum; (4¢) it is a hierar-
chical theory, making it possible to increase the accuracy
of the model; (7i7) the system of equations is closed at
each order and therefore unnecessary to make assump-
tions about form of the nonlinear and viscous terms; (iv)
invariance under a superposed rigid body motion is satis-
fied at each order; (v) the wall shear stress enters directly
as a dependent variable in the formulation; (vi) the di-
rector theory has been shown to be useful for modeling
flow in curved tubes, considering many more directors
than in the case of a straight tube. A detailed discussion
about the Cosserat theory can be found in [13], [14]. In
this work, we use this theory to predict some of the main
properties of a three-dimensional given problem where
the fluid velocity field ¥ (x1, xo, 2,t) = Vi(x1, 22,2, t)€;
can be approximated by (see Caulk and Naghdi [6])

k
19:1}+Z$a1---$aNWa1...aN, (1)
N=1

with!

v = ’Ui(Z, t)el-, w 10N — WélmaN (Z, t)el-. (2)
Here, v represents the velocity along the axis of symme-
try z at time ¢ and 2z, ...%o, are the polynomial base
functions with order & (this number identifies the order of
hierarchical theory and is related to the number of direc-
tors). Moreover, the vectors W, o, are the director ve-
locities which are symmetric with respect to their indices
and e; are the associated unit basis vectors. In this work,
we apply the nine-director theory (this means k¥ = 3 in
equation (1)) to study a specific viscoelastic fluid model
with swirling motion. We use nine directors because this
is the minimum number for which the incompressibility
condition and the kinematic boundary conditions on the
lateral surface of the tube are satisfied pointwise. Using
this theory, we obtain the unsteady relationship between

1Latin indices subscript take the values 1,2, 3; greek indices sub-
script 1,2, and the usual summation convention is employed over a
repeated index.

(Advance online publication: 19 November 2009)



Engineering Letters, 17:4, EL._17 4 04

average pressure gradient and volume flow rate over a fi-
nite section of a straight circular tube with constant and
no constant radius. Also, we obtain the corresponding
equation for the wall shear stress and the partial differ-
ential equation for the swirling scalar function. Here in
this work we extend the results obtain on [5].

2 System Description

Let z; (i = 1,2,3) be the rectangular cartesian coordi-
nates and for convenience set r3 = z. We consider a
homogeneous fluid moving within a circular straight and
impermeable tube, the domain Q (see Fig.1) contained in
R3. At the domain , the boundary 9 is composed by:

Figure 1: General fluid domain  with the tangential components
of the surface traction vector 71, 72 and pe, where ¢(z,t) denote the
radius of the domain surface along the axis of symmetry z at time
t.

the proximal cross-section I'y, the distal cross-section I'y
and the lateral wall of the tube, denoted by I",,. Also, let
us consider the surface scalar function ¢(z,t), this func-
tion is related with the cross-section of the tube by the
following relationship

¢*(2,t) = a1 + 3. 3)

The three-dimensional equations governing the motion of
an incompressible Rivlin-Ericksen fluid with complexity
n = 2, without body forces, defined in a straight circular
tube Q with lateral wall Ty, is given by (in Q x (0,7))

p(%—?+ﬁ~Vﬁ):V~T,

V-9 =0,
T =—pl +pA; +a1As+ agA%, T,=T -,
(4)
with the initial condition
'19(56, 0) = 190(:6) in Qa (5)
and the homogeneous Dirichlet boundary condition
d(x,t) =0 on Ty, x (0,7), (6)

where p is the pressure, —pI is the spherical part of the
stress due to the constraint of incompressibility and p is

the constant fluid density. Equation (4); represents the
balance of linear momentum and (4), is the incompress-
ibility condition. In equation (4)s, T is the constitutive
equation, T',, denotes the stress vector on the surface I',
whose outward unit normal vector is zo. Also, u is the
constant fluid viscosity, a; and ao are viscoelastic coef-
ficients usually called the normal stress moduli and the
kinematic first two Rivlin-Ericksen tensors A; and A,
are given by (see Rivlin and Ericksen [15])

A =V9+ (V)" (7)

and

Ap = %(Al) +9-VA + A VY + (Vﬁ)TAl' (8)

The components of the outward unit normal vector o to
the surface ¢(z,t) are?

€2 o

1
W = —F—, W2 = — e, W3 = — .
o/ 14 9?2 o/ 1+ @2 V14 ¢?
(9)
The classical constitutive equation related with Newto-
nian fluids is recovered with a1 = a9 = 0 at condition

(4)s.

The thermodynamics and stability of the fluids related
with the constitutive equation (4)s have been studied in
detail by Dunn and Fosdick (see [10]), who showed that
if the fluid is to be compatible with thermodynamics in
the sense that all motions of the fluid meet the Clausius-
Duhem inequality and the assumption that the specific
Helmholtz free energy of the fluid is a minimum in equi-
librium, then

(5] 2 O, a1+ ag = 0. (10)
Later, Fosdick and Rajagopal (see [11]) based on the
experimental observation, showed that for many non-
Newtonian fluids of current rheological interest the re-
ported values for a; and as do not satisfy the restriction
(10)2,3, relaxed that assumption. Also, they showed that
for arbitrary values of a1 + o, with a; < 0, a fluid filling
a compact domain and adhering to the boundary of the
domain exhibits an anomalous behavior not expected on
real fluids. The condition (10), simplifies substantially
the mathematical model and the corresponding analysis.
The fluids characterized by (10) are known as second-
grade fluids as opposed to the general second-order fluids
(see e.g. [11]). It should also be added that the use of
Clausius-Duheim inequality is the subject matter of much
controversy (see e.g. Coscia and Galdi [8]). In the sequel
we consider the system (3) — (8) with 4 >0, a3 < 0 and
a1 + (g is a arbitrary value.

2Here a subscripted variable denotes partial differentiation.
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Now, using the director theory approach (1) it follows
from Caulk and Naghdi (see [6]) that the approximation
of the velocity field ¥ = 9;(z1, x2, 2, t)e;, with nine direc-
tors, is given by

9 = @€+ ol +ad) - a(w+ (@l +a3) e

+ @+ (@} + 7)) + @2(¢ + o(0d +2)) |es
(1)

where &, w, v, 0,n are scalar functions of the spatial vari-
able z and time t. The scalar functions in (11) have
the following physical meaning: +y is related to transverse
shearing motion, w and 7n are related to rotational mo-
tion (also called swirling motion) about es, while £ and
o are related to transverse elongation. Also, from the
work of Caulk and Naghdi (see [6]), the stress vector T,
(see (4)3) on the lateral surface I'y, in terms of the out-
ward unit normal vector zo and tangential components
Ty, T2, Pe 18 given by

+ [rasad +ad e

T, = 7-1)\ — De™ + T2€y, (12)
where ), eg are unit tangent vectors defined by
e
€p = ——€np€eg, A= X €y, (13)

¢

so that ()\,w, 69) form a right-handed triad, with eqg
the permutation symbol defined by
el =exp =0, ea=—ey =1

Using equations (9) and (13), the expression for the stress
vector (see (4)3) can be rewritten as

W (nmqﬁz — pex1 — T2x2(1 + ¢§)1/2>] el

[W (Tlm2¢z — pex2 + 2w (1 + ¢§)1/2>] es

o= |

+

(g (r + o) o

where the tangential component 7; is the wall shear stress.

Averaged quantities such as flow rate and average pres-
sure are needed to study 1D models. Consider S(z,t) as
a generic axial section of the tube at time t defined by
the spatial variable z and bounded by the circle defined
in (3) and let A(z,t) be the area of this section S(z,t).
Then, the volume flow rate @ is defined by

Q@w:/ Ja(w1, w2, 2 t)da, (15)
S(z,t)

and the average pressure p, by

o
Pt = qigy o P s i (0

Consider the boundary condition (6) and the velocity
field (11) on the surface (3), we obtain
§+¢2U:05 w+¢2¢:05 ’U3+¢2FY:O' (17)

The incompressibility condition (4)2 applied to the veloc-
ity field (11), can be written as
(v3), + 26+ (2F + 23) (1= +40) =0. (18)

For equation (18) to hold at every point in the fluid, the
velocity coefficients must satisfy the conditions
(v3), +26 =0, 7. +40=0. (19)

Taking into account (17)1 3 these separate conditions (19)
reduce to

(v3), +2£ =0, (¢%vs), =0.

Now, let us consider a flow in a rigid tube, with lateral
wall defined by

(20)

¢ = ¢(2). (21)
Conditions (15), (11), (17)3 and (20)2 imply that the vol-
ume flow rate @ is just a function of time ¢, given by

™

Qt) = 3 ¢*(2)vs(2,1). (22)

Instead of satisfying the momentum equation (4); point-
wise in the fluid, we impose the following integral condi-
tions

/sw) [V'T_P(%—?Jrﬁ-Vﬁ)}da:O, (23)

/SW) [V'T—P(%—i +9-99) |20, - Tada =0,
(24)

where N = 1, 2, 3. Using the divergence theorem and inte-
gration by parts, equations (23) — (24) for nine directors,
can be reduced to the four vector equations:

on
o — 2
5, tf=a (25)
x1...0 N
3m +la1,,,aN — kal...aN + bal...OLN, (26)
0z
where n, k®1 Y m®1--9N are resultant forces defined
by
n:/nga, ko‘:/Tada, (27)
s s
o — / (Tass + Tpra)da, (28)
s

kaﬁ’)’ — / (Taxﬁx’y + Tﬁxax’y =+ T’yxaxﬁ) dCL, (29)
S
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moL AN — /STgxal .. .xaNdCL- (30)

The quantities @ and b**“N are inertia terms defined
by
9
a:/p(8—+19~V19)da, (31)
g \ Ot
o9
bataN :/p(g +19~V19):ca1...xaNda, (32)
s

and f, [%**N which arise due to surface traction on the
lateral boundary, are defined by

o8
(e = ‘/35 m Tw Loy - - 'xO‘NdS' (34)

3 Flow in a Tube with Constant Radius

Let us consider a flow in a rigid tube with constant ra-
dius, i.e. ¢ = ¢9 = cts. Now, taking into account the
velocity (11), the stress vector (14), the volume flow rate
(22), the average pressure (16), the incompressiblity con-
dition (4)2, the boundary condition (6) and the results
quantities (27) — (34) on equations (25) — (26), we obtain

b= —(2)qu - (20,0

W(bé 3#(;53
2 1 2
+  ww, (2@1 + §a2 + %¢8p) — wwzzz% (ag + 2a1)
b, OB (a2 + 4a1) (35)
z zZz 20
and the wall shear stress
4u P ( o ww,PEp
= —=Q(t — (1 24—) t —
m 73 O+ gy (124255 )@ + =5
szzz(bg wwz o szzz(bg
9 _
+ ( o+ 012)[ 60 6 30 ](36)

where the swirling scalar function w(z, t) satisfies the fol-
lowing partial differential equation

16 6
0 = 16w+w2Q(t)( M _f’) S (37)
Tudy - S
1 2 2
_ wzzzQ(t)&i JH%( 6oy N M) 7%22@1@50'
5y 7
Considering the viscoelastic coefficients oy = as = 0

on equation (35) — (37), we recover the swirling Navier-
Stokes solution obtained and validated by the work of
Caulk and Naghdi, see [6].

Now, let us consider just the steady case. Using the fol-
lowing dimensionaless variables?

. z Q 2p b= f . o) a9

Z=—,Q=—0Q, w=fw & = —, g = —5—

bo Top YT T B
(38)

on equation (35) — (37), where ¢¢ is the characteristic
radius and f is the Coriolis frequency, we obtain

A A 2 1
p: = —4 |:A 05 (24 -G —
D Q+Ro ww(al+3042+20)
. n Ga O Y DR 21
and the wall shear stress
A W3 WWszs3
A~ — 2 R [ z 2A A~ ( zZzZz
T1 Q+ 0 —40 +( 011+012) 60
Wz Wiss
- —~ = 40
5] (40)
where 2,41
_ P %o
Ro = 22

is the Rossby number: a small Rossby number signifies a
system which is strongly affected by Coriolis forces, and
a large Rossby number signifies a system in which inertial
and centrifugal forces dominate. Also, the scalar function
w(2) satisfies the following ODE

) 3 .34
0= 160 + ng(sal + g) D cbggg@%- (41)

Now, integranting condition (39) over a finite section of
the tube [21, 2], with %; fixed, we obtain the nondimen-
sional average pressure gradient

pp(2)

p(21) — p(2)

4Q(2 - 21) +Ro[ (5 + T2) / Wisssd?
2

2 1, (7
— (261 + Sas + o / Widsd2
(261 + 302+ 5) 5

Qo

— (2—0+ %)/ @g@ggdé}.

21

(42)

Finally, we observe that the behavior of the average pres-
sure gradient, wall shear stress and swirling effects given
by equations (42), (40) and (41) can be numerically illus-
trated for different values of Ry, Q, &1 and &g. In the
sequel, when we consider steady flow, the volume flow
rate @ is identical to the Reynolds number (see [16]). In
our applications we consider low Reynolds number, i.e.
we have the creeping flow problem.

3In cases where the steady flow rate is specified, the nondimen-
sional flow rate @ is identical to the classical Reynolds number used
for flow in tubes, see [16].
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Taking into account equation (41) and numerical package
from Maple V, we can show that the steady solution w(2),
with appropriate initial conditions and Q =10,6; = -1,
can be approximated by the following Taylor series ex-
pansion of order 7

1., 2., 4T, 3683,
G = AP T e F a0’
19751 1627931
9751 5 1627931 )
103680° " 4354560

Now, we present numerical simulations without physical
meaning to the nondimensional average pressure gradi-
ent (42) and wall shear stress (40) related with different
values of the Rossby number where &; = —1, a9 = 1 and

@ = 10 are fixed (see Fig.2 and Fig.3). Shown in Fig.2

200

Figure 2: Nondimensional average pressure gradient (42) related
with Eiifferent values of the Rossby number where &; = —1, d2 =1
and @) = 10 are fixed, and the swirling scalar function &(2) is given
by (43).

is the nondimensional average pressure gradient (42) for
different values of the Rossby number. In this figure,
we observe the behavior of the average pressure gradient
when we increase the values of the Rossby number with
fixed &1, Go and Q The exponential behavior of the so-
lution (42) is related with the approximation (43), and
also related with the fact that we have a straight tube
with constant radius. In this specific geometry the wall
shear stress (40) have an interesting behavior induced by
the swirling acalar function (43). From Fig.3, we can
observe the behavior of the wall shear stress (40) when
we increase the values of the Rossby number with fixed
1, o and Q.

Several numerical tests have been performed for other
values of &1, Go, Q and Rossby numbers, related with the
respective swirling scalar function @(2), showing similiar
qualitative results of the average pressure gradient and
wall shear stress solutions.

Figure 3: Nondimensional wall shear stress (40) related with dif-
fgrent values of the Rossby number where &1 = —1, &2 = 1 and
@ = 10 are fixed, and the swirling scalar function &(2) is given by
(43).

4 Flow in a Tube with no Constant Ra-
dius

Let us consider a flow in a rigid tube with no constant
radius, i.e. ¢ = ¢(z). Now, taking into account the
dimensionaless variables (38) with ¢ = /o, and using
the velocity (11), the stress vector (14), the volume flow
rate (22), the average pressure (16), the incompressiblity
condition (4)2, the boundary condition (6) and the results
quantities (27) — (34) on equations (25) — (26), we obtain
the general steady average pressure gradient solution

pp(2) = 4A(2)Q + B(2)Q” + RoZ(%) (44)
where
A(2) _/ % dz, B(2) = / g dz, (45)
and 5
2(2) = / = dz (46)

The function A(2) is just determined by the geometry of
the tube over the interval I = [24, ], with 2; fixed, where

2 1 1 - 1. 1555
= 1403+ =% + =0dz: + —0P2¢::
302 bt 200s + 1002
1A2A2 1A3A
550705 — P P22z 47
t 55070 — g ?? (47)

The function B(é) is determined by the geometry of the
tube over the interval I, and also by the viscoelastic co-
efficients &1 and &o, where

B= J§1 + 021]§2 + d21§3, (48)

with

N . 3 .. . 1 a
By = —¢; — Eﬁb(bi(béé + Efb%sz, (49)
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2 1 - A 19 - 88 ~n o
By, = §(4¢2+54¢2+?¢2—§¢¢2¢22 (50)
49 & g~ 1agn - No A 1 g no~
- Ffbfbg@g + §¢2¢2¢§g +2¢%pzzz — 6¢2¢§¢222
Woss o Basg 5 Loaas
+ @¢ ¢ZZ ZZZ + 24¢ ¢Z¢ZZZZ 40¢ ¢ZZZZZ))
and
o~ (106 a0+ g o i
By = = (100 +3008+ 62 — T odsdes — 30086

2 227 [ 27 1 B A
+ 3¢ ¢zzz 6¢ ¢2¢zzz 15¢ (bzz(bzzz

2222) .

The function Z(2) is determined by the geometry of the
tube over the interval I, by the swirling scalar function
@(2), and also by &; and &g, where

1 an
+ %95 ¢z (51)

20606%h:  44616°%¢:  2d000: . ..
= + — — 2061 0W3

[1]»

3¢ 3¢ 3
30%hps  G0sd?  GlPddsz 10 ddias
B 20 20 10 5
11a9@%hss:  13610%0s05:  Taow@:0p2:
B 10 - 5 30
aQ@sddss | 400003 4610707 Ao
+ 3 5¢ + 5¢ 10
196100:02 | Taob@z:00:  a10@:: 00
B 15 + 30 + 3
Taodlops  10200:  Gib:dzsd®
+ 60 5 5
Go@s320%  1@Qs220%  Gabszs
+ 30 5 20 (52)

In this case, the corresponding wall shear stress is given
by

Moo= 24(3)Q+ %B/(g)(g?
N Ro [@2&»4@32 Q340
202(1+¢2) L 15 20

v B+ aQEQ] , (53)

where the function A’(Z) is determined by the geometry
of the tube given by

Aris - 1 lA% 1 24 lAAM
3AA2AM LA2A2 iA2AAAAM
+ §¢¢2¢22 + 32¢ 23 + 24¢ ¢z¢zzz
1 30
- 96¢ (bzzzz)a (54)

the function B’(2) is determined by the geometry of the
tube, and also by the coefficients &; and &s, given by

V) = — 1
5@ o1+ ¢2)

3 27 % 23 25 200
+ g+ 5 [1468 + 1802 - 3666205

- 1.3 19.- -

(= s+ 508 — J5ddsds: (55)
15 2054 15 9~ » oy

- ?‘b(bg(bié - I¢2¢2¢§g + 2070532

340  Tagega 1 ol oog
= @ sz — 50 026s2:| + e 1462

3d:bss + 23030 — 2820.02,
- 6¢¢Z¢22+2¢¢z¢22 4¢ ¢z 23

+

23_0(53(52 Aiiié} ) .

Moreover, the conditions =; and =5 are given by

- P2Prdss: 3020 hsdss ay
g, - L0 30000 4y gy,
5 5
6029703 30w:Pl | 20z:0"¢s
5 5 3
n 402¢1¢:  WDzzd°  20:035¢°
5 15 15
45242 Aé .
— %M — 20003, (56)
and
2 D¢l PPPPads: | 17000 s
- 10 10 30
60°9%03  ©wi0%¢7 | 60wl es
5 10 15
n 8pls  Dzzsd® 2030500
15 30 15
4A2A2A2 2M2A3
- “’f(bf”“;(b. (57)

Finally, in this case the swirling scalar function w(z) sat-
isfies the following ODE

3619'Q _

DAL + O3 Ag + Qs Az + Dss2
WA +ws A +w 3+ w 160

0,  (58)

(Advance online publication: 19 November 2009)



Engineering Letters, 17:4, EL._17 4 04

where
A = 30°0:Q  G20%h:::Q  13G20°0:0::Q
1 = = - +
S0 A A0
n a10%¢0:0::Q  3G2093Q  36109%Q
M5A B AlO o 10
o 00:Q  4199:Q | ¢z
2 2 16
3(54 Az (54
L 30'Q | 420%0::Q | Td19%9::Q
A= - 160 80 R (60)
L 00700 @d%0RQ  @d*Q L 9%
80 80 4 8 7
and
R Aod3dsO) A1 h3bsO 76
Ag _ O[2¢8(()sz + al(bl(;sz + (3b_2 (61)

Considering the special case ¢ = ¢g = cts (i.e. b = 1)
into equation (44) — (61) we recovered the steady results
obtain in last section, i.e. section 3.

Now, let us consider an fluid in a rigid constricted tube
(see Fig.4), where the surface function is given by

P(2) =1+ 2% V2 € [, 2]. (62)

Here 2 is fixed, and the maximum tube contraction oc-
curs at 2 = 0 and is equal to 1. Taking into account the

Figure 4: Constricted tube where the surface function is given by
condition (62).

surface function (62), equation (58) and numerical pack-
age from Maple V, we can show that the steady solution
w(2), with appropriate initial conditions and @ = 10,

&1 = —1, &g = 1, can be approximated by the following
Taylor series expansion of order 7

1. 313 9229
5(3) = 9454424 223 904 25
w(2) TEFEA ST T 96" T Gas0”
432767 1330499 .
233280° 9797760 (63)

Next, we present numerical simulations without physical
meaning to the nondimensional average pressure gradi-
ent (44) and wall shear stress (53) related with different
values of the Rossby number where the viscoelastic co-
efficients &3 = —1, & = 1 and the Reynolds number

@ = 10 are fixed (see Fig.5 and Fig.6). Shown in Fig.5

Ry =15

400, 1 a

-

2

Figure 5: Nondimensional wall shear stress (53) related with dif-
ferent values of the Rossby number where &; = —1, &g = 1 and

@ = 10 are fixed, and the swirling scalar function &(2) is given by
(63).

is the nondimensional wall shear stress (53) for different
values of the Rossby number. In this figure, we observe
the behavior of the wall shear stress when we increase
the value of the Rossby number with fixed @1, @2 and Q.
The behavior of the solution (53) is related with the ap-
proximation (63), and also related with the fact that we
have a straight tube with no constant radius. In this case,
we have undergoes remarkable oscillations for increasing
values of the Rossby number. Also, we want to remark
the interesting oscillation phenomenon occurs during the
contraction of the constricted tube (see interval [—1,1] in
Fig.5). From Fig.6, we can observe the behavior of the av-
erage pressure gradient (44) when we increase the values
of the Rossby number with fixed &1, é9 and Q Here, we
remark the constant solution behavior occurs during the
contraction of the constricted tube (see interval [—1,1] in
Fig.6).

Several numerical tests have been performed for other
values of &1, Go, Q and Rossby numbers, related with the
respective swirling scalar function @(%), showing similiar
qualitative results of the average pressure gradient and
wall shear stress solutions.
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Figure 6: Nondimensional average pressure gradient (44) related
with different Rossby numbers where &1 = —1, &2 = 1 and Q =10
are fixed, and the swirling scalar function &(2) is given by (63).

5 Conclusions and Future Work

A nine director theory has been used to derive a 1D model
in a circular straight rigid and impermeable tube with
constant and no constant radius to predict some of the
main properties of the 3D Rivlin-Ericksen fluid model
with swirling motion. Unsteady/steady relationship be-
tween average pressure gradient (wall shear stress, respec-
tively), volume flow rate and the swirling scalar function
over a finite section of the tube with constant/no con-
stant radius has been obtained. In this work, we present
numerical simulation related with average pressure gradi-
ent and wall shear stress for a specific viscoelastic model
and geometry like a tube with constant radius, and a con-
stricted tube. One of the possible extensions of this work
is the application of this hierarchical approach theory to
study fluid-structure interaction problems.
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