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Abstract: - This study investigates the effects of slip conditions and magnetic effects on the oscillatory flow of
a Jeffrey fluid within an elastic tube. The perturbation method is employed to derive analytical solutions for the
flow characteristics, and Gill's fourth-order method is used to solve the differential equation for the pressure
numerically along with the initial conditions. The graphs illustrate how the Womersley, slip velocity, elasticity,
Jeffrey, and magnetic parameters affect the mean pressure drop and modulus of wall shear stress. The results
reveal that increasing the magnetic field strength and Womersley parameter, the wall shear stress rises in rigid
and elastic tubes. Additionally, the slip condition modifies the velocity profile, enhancing fluid motion near the
walls. The findings provide insight into the complex interplay of rheology, geometry, and magnetic forces in
physiological oscillatory flows.
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1 Introduction Several studies have explored various aspects of

The study of oscillatory fluid motion in elastic tubes ~ Jeffrey fluid flow in elastic or tapered tubes, with or
has wide-ranging applications in biomedical ~ Without magnetic effects, [1], [2], [3], [4], [5], [6],

engineering and fluid dynamics. In particular, the [71, [8], [9]. However, most existing works have
Jeffrey fluid model, which accounts for both viscous considered either rigid geometries, neglected slip
and elastic properties, is used to represent complex effects, or evaluated magnetic or viscoelastic
biological fluids such as blood. When blood flows influences independently, [10], [11], [12], [13], [14].
through arteries, it undergoes pulsatile motion Some authors explored various aspects of non-

influenced by vessel elasticity, viscoelastic nature of Newtonian or ‘Newtor}ian. f.luid. flow in elastic or
the fluid, magnetic effects (such as those encountered circular tube with suction/injection, [15], [16], [17].

in MRI diagnostics and magnetic drug targeting), and The study of blood flow aims to determine the
wall slip due to micro-scale blood-tissue pressure and flow through the vessels [18], both of

interactions. which are important to human health. Moreover,
This paper focuses on both the effects of slip ~ although perturbation methods have been widely
velocity and magnetic fields on the oscillatory flow  used for analyzing oscillatory non-Newtonian fluid

of Jeffrey fluid in an elastic tube. The interaction ~ flows, previous literature has not adequately
between the fluids viscoelastic properties, the addressed the convergence criteria of perturbation
elasticity of the tube and the external magnetic field, assumptions in relation to physiological parameter

coupled with the impact of slip conditions, is §election, nor has it fully explor'ed the combined
analysed to gain insights into the resultant flow 1mpact of slip gnd magnetic fields in convergent and
dynamics and wall shear stress variations. divergent arterial geometries. _ .

Recognizing the features of blood flow via the The present work provides a combined analytical
arteries is also beneficial. It is necessary to and numerical investigation of the viscoelastic
comprehend blood flow dynamics to diagnose and ~ cffects using the Jeffrey fluid model, slip boundary
treat a variety of Cardiovascular and cerebrovascular ~ conditions at the arterial wall, magnetic influence
diseases. The oscillatory flow of a Jeffrey fluid in an ~ under 0§0111at0ry pressure gradient, and. elastic
elastic tube with varying cross sections has attracted deforma-uon of thﬁ_ tube in Copvergent .and dlyergent
a lot of attention in the study of fluid mechanics. geometries. Additionally, this analysis provides a
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graphical representation of the impact of the elastic,
Jeffrey, magnetic, Womersley, and wall velocity
(because of slip) parameters on the modulus of wall
shear stress and mean pressure drop at the tube wall.
No prior study has simultaneously evaluated the
coupled effects of slip, magnetic field, and wall
elasticity on Jeffrey fluid oscillation in variable
cross-sectional geometries,  with  graphical
interpretation of flow behaviour through quantitative
assessment of wall shear stress modulus and mean
pressure drop.

The present model treats blood as a Jeffrey fluid
flowing through a deformable arterial tube with
permeability effects. Analytical expressions are
derived using the perturbation method, and Gill’s
fourth-order numerical scheme is used for solving
second-order differential equations with coefficients
of complex-valued Bessel functions, [19].

Numerical simulations and graphical
representations are used to investigate the effects of
important dimensionless parameters on wall shear
stress and mean pressure drop, such as the Jeffrey
parameter, Womersley number, elasticity parameter,
magnetic parameter, and slip velocity. The proposed
analysis not only offers insight into the complex
interaction of these physical factors but also
contributes to the enhanced understanding of
hemodynamic behavior in elastic arteries under
oscillatory conditions.

2 Problem Formulation
We have examined the oscillatory motion of an
incompressible Jeffrey fluid in an elastic tube with a
circular cross-section and thin walls, taking into
account the impact of slip at the tube wall. The
elastic tube is assumed to be constrained against
longitudinal displacements, as illustrated in Figure 1.
The tube radius changes gradually along the axial
direction. Here, we considered cylindrical polar
coordinates(x, 1, ©).

The constitutive equation for Jeffrey fluid is
expressed in Eq. (1), and r = a(x) is expressed in Eq.

Q).

T=-PT+5=25(7 + Ip) (1
a(x) =a S (Z—") with S(0) = 1 ()

where € = % <1

Here, T, § are the Cauchy stress tensor and extra
stress tensor. P Is the pressure,/Is the identity
tensor, A;is the ratio of relaxation to retardation
times, A, is the retardation time, y is the shear rate,
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and dots over the quantities indicate differentiation
with respect to time. a; is the tube radius is at x = 0,
and L represents the characteristic length of the tube
(Table 1, Appendix). The fluid in the tube with a
uniform radius is represented by the € = 0.

Fr =ao S(X)

IMean width aq

Fig. 1: The Geometry of a Two-Dimensional Elastic

Tube
Source: Created by the authors

An axisymmetric fluid flow is governed by the
following fundamental equations of motion and

continuity:

ou 6v+v_0

ox or r

6u+ 6u+ ou 16p+ 1 62u+16u +62u ooB2u
ot "ar “ox~ pOox v 14+ A,\0r? ror dx? p
v v v 1 1ov v\ 0%v

1dp %v
par V|Ten\ae T

where, u and v are the axial and radial components of
the fluid's velocity. vis the kinematic viscosity
coefficient, p is the constant fluid density, p is the
pressure, t indicates the time variable, g,is the
electrical conductivity of the fluid, By the uniform
applied magnetic field, and A; is the Jeffrey
parameter.

a Vet m‘rﬂ*%

In the case of longitudinal displacement, we
assume that the elastic tube is connected. Due to this,
the longitudinal displacement vanishes in the wall's
shell equation. The governing equation of radial
displacement ¢ is expressed as (15):

e (pm2ey) - GEe) ©

otz
where p, and h indicates the density and thickness of
the material of the tube. B = 1L o Stands for

—g2’
Poisson's ratio, and E corresponds to Young's

modulus, [15].

The equation for the normal component of the
fluid velocity at the tube wall is [16]:

da 0&
v——u=—atr = a(x)

dx Ox @
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The tangential velocity at the wall is non-zero
(slip condition), defined as [17]:

®

a _
u+$v=Vsatr=a(x)

Here V; = V,e'!®t Represents the oscillatory fluid
velocity that causes the slip effect at the boundary, w

denotes the frequency of the oscillation, and % Is the
wall velocity at the tube wall, [17].

The axisymmetry of the flow is

au—O dv=0atr=20 9
5y —0andv=0atr= 9

At the tube's entrance cross section, the flow rate
Q(x) is defined as follows:
a(x) _
Q= f 2mrudr = Qpe'®fatx =0 (10)
0
where @ is constant.
2.1 Analysis
The following dimensionless quantities are

introduced for the Egs. (2), (3), (4), (5), (6), (7), (8),
9), (10).

* —

L =T 4+ = =L =X *:V_ =
v* pr) r ao,t wt, q Qo,u VD’VS 7 x
_x :i * _ €apP — (Q.Qo) 2 _ 0o 2
a, § va’( ’ 0) 2malv,’ » M” = uBOa
(11)

Now the Egs. (2), (3), (4), (5), (6), (7), (8), (9),
(10) converted into the dimensionless form by using

Eq. (11) and after removing stars are defined as:
Ju 61; v

4= 12
ax + ar 0 a2
6 +erly + au_ p 1 [0%u 10u N ,0%u
ot oxl™ Tox "1+ |2 Tror| T € ax?
v ov p 1 [0%v 1ov v
2 2_ 3R il 2 4 4
TR [ ar ThaxlT Tar e 1+/11[ar2 ror r2]+
WLl ge?)
9t? RS2 rlyosy ~ 2252
ds 9
VU= S‘E atr = S(x) (16)
das .
u+e? Pl Vet atr = S(x) 17
ou
5=0andv=0atr=0 (18)
g=efatx=0 (19)
where a2 =939 5, = 9% p_ Yot 4 _pot  gnd ) _ pe'la
.= = = = .

VO' v’

Here, a is the Womersley parameter, S; Is the
Strouhal number, R is the Reynolds number, M is the
Magnetic parameter, A and A3 are the dimensionless
numbers. A, Denotes the elasticity parameter and
A, = 0 plays the rigid case.
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2.1.1 Method of Solution
Examine the flow variable solution by taking the
assumption of steady oscillations with the following
form:

F = e[Fy + €2F, + 0(e¥)] (20)
where F(x,r,t) is used for the flow variables u, v, p
and . When Eq. (20) is substituted into Eqgs.
(12),(13),(14),(15),(16),(17),(18),(19) and  the
coefficients of the powers of € and €? are taken
into account, the corresponding equations of zeroth
and second order approximations provided with
boundary conditions are defined as follows.

€’Case:
6u0 6170 Vo _
Sty =0 1)
azuo 16u0 5
- =1+ 22
0T2+rar+5u0 (+1) (22)
dpo
=0 (23)
1352
SIO ZS [po]r =S(x) (24’)
ds
Vo~ Uo = iS;éyand ug =V, atr = S(x) (25)
du,
Wanndv(,:Oatr:O (26)
qo = 1 atx = 0 where 2 = —ia?,6% = (1 + 1) (B> — M?) (27)
e2Case:
6u2 6172 2
=0 28
ox | or (28)
%u, 1ou p
0722+——2+(1+/11) 8%uy = (1+ 1) =2 (29)
0%v, 10dv, ; op,
32 +;W_r_+(1+ll)ﬂ vo = (1 +A1)— (30)
_ s av"] + A23S? 31
&= azs, D2 a7 Lo 350 31
as . ds
vz—uza=15t§2 andu2+voa:0atr25(x) (32)
du,
M?u (133r—=0andv2=0atr=0 (33)
q,=0atx=0 (34)
z (14

By solving the Egs. (21) - (23) with the boundary

(¥onditions Egs. (24) - (27), we obtain the velocities

29

of zeroth order of u, and v, are:
Jo(87) ]0(6T)

B 1+Aldp0
Uo = Vs 52 dx [1 (35)
1+ 2 [d%p, ]1(5r) 1+3.1 dpo
vy = [dxz o ] [ ]]211(6 ne @6)

where J,,(6r) represents the Bessel function of
order m and J,, = J,,,(85).

According to Eq. (35), the zeroth-order flux q, is as
follows:

%)
Jo 8

1+ A, dp,

(1+Al)32%_ dpo
63, dx

2582 dx

9o = 37

Using the expression Eq. (36) for vy and
integrating Eq. (30), we get p,:
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2 =21 - Jo(0r) — s SR+ 6 (38)
where F(x) from Eq. (38) is:
_d%py M? 1+, dpg JiM? ds
Fx) = dx? 8J,(B2—-M?2) [ 52 E_VS] 2 dx (39)

where G(x) is unknown. By using the Egs. (395),
(36), and (38) by substituting the corresponding
boundary conditions for solving the Eqgs. (28) and
(29), then we obtain u, and v, as:

1+ 24, [dG [
w =5 [ (1-220) 4 a0 + ga oo
B?r? 1+ 2)\d3p,
-1+ (452(32 —M?2) 5% ! ) dx30
1+ A)F
RELLD L (40)
-1 2p3 1+2
277 [ o )+_]1(5r)] T [16625?:— M?) r(zm :
1+ 2, [d?G (J1(6r) T dSJ,dG A+ A)F"(O)r
e T G )] 2% (41

where g, (x), g>(x), g;(x) from Egs. (40), (41) and

(43) are:
1+ 12 d?p ds J; d?p, (1+21)? dp
90 ==y H AP 5;12 o T WGy
a +/11)11d25 1+24,dS d ]1
T 22 dx? T dxdx
dpy (1 +21)%[], d?S J1 25/1
dx 267 |zt (] )] (42)
_ 1+2,d%pg BZSZ (1 + A0S 1+ 1)
920 =~ \ @y M) 202 57,
1+4,dSd%po (S T, SJ3
5 aﬁ(i‘m‘(”“ﬁ)
(1 +244) dpo ]1 1 +2)8)
8% dx ( ) FZ AT g3(x)]
2 dS\? (1 +2)S/2d%S (1 +2,)S),dS d (], 142, F2(x)
s [Tg(ﬂ) YR ax 2, dxdx 2)]' R A
dz? ds\* | 28J% (dS\?
g3(x) =I1W + (H) Ji+ 7 (a) 44

Using Eq. (40) for u,, we obtain the expression

for q, as,
1+21[ S2,dG  F'(x)S?

2 dx 28

1+ p2s* +
52 \16(B2 — M2)

Substituting p,, vy and &, In Eq. (32), we get
&, as:

S%J,
+_91( )+ 5 gz(X)

1+ 2,8\ d3p,
262 dx3

q; = 52

(45)

J2S2[F(x) p2st  d?p, 1+4,d%p0 | 2JJ1, dS
s‘z—azsl[T“'fo)'Wd PO TG g T,
20+A) (1 d?py  JydSdp,
— 1<5—]D T + A235%p, (46)

Use the conditions (24) and (25), the expressions
for vy and &;, we obtain the governing equation for
pressure:

L0 1 a(55) %2 1 b(5S)p, = c(55)

(47)

where a(6S), b(6S), c(8S) from Eq. (47) are
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_ das ]1 _
a(65) = 255, b(8S) =
2
szl and e(s5) = 252y, UiHE) _ds

2 J, (1+24,)B? S SJoJ2(14Ay) dx”

The initial conditions for p, and from Eq. (27),
Eq. (37), we can find the condition for% are
prescribed as:

28

ESRACL

d
Po:Pinzland£=— —iV)atx =0 (48)

Using the expressions (41) and (46) for v, and &,
along with the condition (32), gives the differential
equation G (x) as

d*G
=t (65)—+ b(8S)G = d(5S) (49)
where d(8S) from Eq. (49) is:
_ 5%], F(x) d*py (144 p2s?
d(8S) = 2543 KEYNITA )52]2[ A-J)+—3 < 57 2 - _MZ))
_201+4) , (1d?p,  dSJidpy) 2 dS
52, \& dx? " dxJ, dx J2 Fdx
28]y [d91 1 dgz]
+AZES*po] + A+ ) Ldx Tsp, dx |
_ B2S5?, 1+ A))o\d*py  F"(0)]o
8(p% - Mz)]z 8%, dx* &),
5%,  (dS\> 1252 26%), dS
m(dx) [V A ”0] T+ 4,)SJ; dx
1+ 4 252 d? 1+ A)F
SJ191 +Jog2 — (1 + /11)( : m) dfao +M] (50)

The 1nitial conditions for G and Z—zare obtained
from Eq. (38), Eq. (45) as:

_ B? d’p, F(0) aG 26, ]192(35)
=M dxz 5 (L TJand o= (1+,1)(1()
1+ 4o /32]0 d®py | F'(x)]o _
_< 57, +8(132—M2)/z>dx3+ 5, “*=0  OGb

The Equations Eq. (47) and Eq. (49) were both
numerically solved using Gill's method along with
the corresponding initial conditions. Then the
modulus of p,_ .. is defined as:

|pmean| = {[(Po + ezpz)re]z + [(po + Ezpz)im]z}l/z (52)
The mean pressure drop is defined as:

Ap =p;, (53)

~ Pmean

The dimensionless wall shear stress T, Defined in

}+ 0(e*)

[17] is:
aTy,
= 54
W, €D
T Py (BY e Dy 25, A5y
- ar or dx) dor 0dx rdx Yo dx 0x
= e"[Toy + €°Tyy ] + 0(e*) (55)

where Ty, T2,y from Eq. (55) are zeroth and second
order wall shear stress obtained as:
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8V (L+ A, dp
Tow= ==+ (56)
_ 4(1+1,) (dS\*J,dp, 2dS[ ds 2382
W= (_x) Jodx Sdx|ax ' az Po
1+ d (1+ 1)), dG
0400+ (14 A 2050 — W) + g
(1+20)B%S d®py  (dS\* 61V
+85J091(x) — 6]19,(x) — 252057 — MD) dx® (a) A 57
where g, (x), gs(x), g¢(x) from Eq. (57) are:
_Sh d’po ds Ji d*p,
gs(x) = Yo d® T laxjTdxt (58)
i &S ds1d () 2 dS
950 = S axr ¥ dx 5 dx(] ) 5o dx 9
_hd’s dsd (],
960 = gt gy dx(J ) (60)
ITWI = (Trze + TEm)Z (61)

Tye and Tj, are Real and Imaginary part of Ty,,.

3 Results and Discussion
Gill's method of order 4 [18], is used to numerically
evaluate the modulus of wall shear stress |T,,| and
the mean pressure drop Ap from Eq. (59), (52) with
the corresponding initial conditions. The results are
shown in the Appendix in Figure 2, Figure 3, Figure
4, Figure 5, Figure 6, Figure 7 and Figure 8, and
Figure 9, Figure 10, Figure 11 and Figure 12, and
Figure 13 respectively. By taking e = 0.1, A = 0.055,
=3,5,4=0.0,0.1,03,05 M=0,0.5, 1.0, 1.5
[10] 1,=10.0, 0.25, 0.5, and V; = 0.0, 0.2, 0.4 for the
below tube geometries. These approximations are
related to the medium-sized arteries.
(1) Convergent tube: S(x) = e~ %1%
(ii) Divergent tube: S(x) = e%1*

3.1 Magnitude of Wall Shear Stress

3.1.1 Convergent Tube
Figure 2 and Figure 3 (Appendix) presents for a
different values of M =0.5, 1, 1.5 witha =3, 5,1, =
0.1 includes three different cases of slip velocity
(V =0, 0.2, 0.4) and elasticity (1,= 0, 0.25, 0.5).
For a rigid tube wall, increasing M results in a
higher wall shear stress across the axial domain. The
effect of M is more pronounced at higher values of x,
meaning that in a convergent tube, the influence of
the magnetic field strengthens as the flow progresses
downstream. The magnitude of wall shear stress is
greater than it would be in the case of an elastic tube
wall (1, = 0.25). When no slip (V ; = 0), the velocity
gradient at the wall is highest and for high slip (V ¢ =
0.4) reduces the wall shear stress significantly.
Figure 6 and Figure 7 (Appendix) both illustrate
the variation of |T,,| along the axial direction in a
convergent tube with different values of the Jeffrey
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parameter (1, =0, 0.3, 0.5), elastlclty 1, =0, 0.25,
0.5) and slip parameter (V¢ = 0, 0.2, 0.4). The
difference between the two figures is the influence of
the magnitude parameter M = 0, 1.5.

In both figures, |T,, | increases along X, which is
expected in a convergent tube where the narrowing
cross-section causes a rise in velocity gradients near
the wall. However, the rate of increase of |T,,| is
higher in Figure 7 (Appendix) (M = 1.5) compared to
Figure 6 (Appendix) (M = 0.0), which indicates that
the presence of a magnetic field enhances wall shear
stress.

The magnetic field dampens velocity fluctuations,
leading to a steeper velocity gradient near the wall,
which results in higher shear stress.

As increase in A4 leads to an increase in |T,,]|,
Jeffrey fluid's viscoelastic effects interact with the
magnetic field, amplifying shear stress. As o increase
the magnitude of wall shear stress rises.

3.1.2 Divergent Tube

For a divergent tube, |T,,| is plotted in the Figure 4
(Appendix) and in Figure 5 (Appendix) with
different values of the Womersley parameter, the
magnetic parameter, the slip parameter, the elasticity
parameter, and the Jeffrey parameter 1, = 0.1.

When M is increased, |T,,| Increases and their
overall magnitude decrease in comparison to the
convergent case. The modulus of wall shear stress
rises in rigid tubes as opposed to elastic tubes, and
the effect of slip is less pronounced than in
convergent tubes. When there is no slip in a rigid
tube, the wall shear stress is the highest across the
axial range, and in an elastic tube, the modulus of
wall shear stress reduces, and slip significantly
reduces shear resistance.

Figure 8 and Figure 9 in Appendix both explain
the variation of |T,,| with different values of 4, = 0,
0.3,0.5,4,=0,0.25,05and V4, =0, 0.2, 0.4. The
two figures illustrate the dlfference between the
magnitude parameter M =0, 1.5.

The wall shear stress decreases along x in both
cases. Increasing the slip parameter, Jeffrey
parameter, and elasticity results in increased shear
stress, but they don't alter the overall decreasing
trend.

Increasing slip significantly reduces |T;,| with the
lowest values observed in Figure 9 (Appendix) and
the Jeffrey parameter consistently increases|T,,|,
regardless of other parameters.

The presence of a magnetic field with M= 1.5
increases shear stress across all cases, but its effect is
most pronounced in Figure 9 (where slip is absent) in
Appendix. In Figure 9 (Appendix), the slip is
highest. The magnetic effect is weaker due to
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reduced velocity gradients at the wall. As increasing
of Magnetic parameter increases, the modulus of
wall shear stress increases in both rigid and elastic
tubes.

3.2 Mean Pressure Drop

The mean pressure drop is plotted in the Figure 10,
Figure 11, Figure 12 and Figure 13 (Appendix) for
convergent and divergent tubes. Now the mean
pressure drop is plotted versus x (in axial direction).
In the Convergent tube, Ap increases along x in all
cases compared to the divergent tube. Increasing o =
5 results in significantly larger pressure gradients
compared to a = 3.

Increasing slip reduces pressure gradient values,
which slightly increases Ap and the magnetic field
enhances pressure gradients. Mean pressure drop is
higher in all the cases, mainly for M = 1.5 comparing
with the other magnetic parameter values. Mean
pressure drop values increase continuously with all
the magnetic parameter values, and it enhances at
each cross-section as it moves from x = 0.0 to 1.0, in
tube walls that are both elastic and rigid.

4 Conclusion

This study investigated the effects of slip velocity,
magnetic fields, and other parameters on the
oscillatory flow of a Jeffrey fluid in an elastic tube.
The results demonstrate that an increase in the
Womersley parameter enhances the pressure
gradients in both geometries. The Jeffrey parameter
characterizes the viscoelastic nature of the fluid, and
as it increases, the modulus of wall shear stress rises
with the effect of the magnetic field. The presence of
slip velocity increases the wall shear stress.

By the above analysis, it has been revealed that
the rise or fall in the wall shear stress modulus is not
only impacted by the parameters o, 14,1, and M, but
also by the geometry of the tube we are examining.
Moreover, observed that the mean pressure drop for
tubes with rigid and elastic walls in the magnetic
effect enhances with a higher Womersley parameter
and falls with a lower Magnetic parameter.
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APPENDIX

Table 1. Nomenclature

A. Samatha, P. Muthu

T | Cauchy stress tensor By Uniform applied magnetic field
5 | Extra stress tensor ¢ Radial displacement

P | Pressure g Poisson’s ratio

I | Identity tensor E Young’s modulus

A1 | Jeffrey Parameter (ratio of relaxation to retardation time) Po, b | Density, thickness of the material of the tube
A, | Retardation time Vg Slip Velocity

¥ | Shear rate w Frequency of oscillation

. Differentiation w. 1. t time A Elasticity parameter

ay | Tube radius a Womersley parameter

L | Characteristic length of the tube S; Strouhal number

u | Axial velocity R Reynolds number
v | Radial velocity M Magnetic parameter

v | Kinematic viscosity coefficient € Variation parameter

p | Constant fluid density T, Wall shear stress
t Time variable Ap Pressure drop

oy | Electrical conductivity of the fluid Jm(6r) | Bessel function of order m
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0.0 0.2 0.4 0.6 0.8 1.0

Fig. 2: |Tw|Versus x for a convergent tube with a = 3,
A1 = 0.1 Source: Created by the authors.

181 @=5,A,=0.1,A, =0.0, V. = 0.0
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0.0 0.2 0.4 0.6 0.8 1.0

Fig. 3: |Tw| Versus x for a convergent tube with o
=5, M=0.1 Source: Created by the authors.
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[Tl —=

Fig. 4: |T,| Versus x for a divergent tube with o
=3, A = 0.1 Source: Created by the authors.
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Fig. 5: |Ty| Versus x for a divergent tube with a =5,

A1 = 0.1 Source: Created by the authors.
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Fig. 6: [T, Versus x for a convergent tube with a =
3, M = 0 Source: Created by the authors.

Fig. 7: |Ty| Versus x for a convergent tube with o
=3, M = 1.5 Source: Created by the authors.

1o=3,M=0.0 %700
V,=00,2,=00

Fig. 8: |Tyw| Versus x for a divergent tube with a =3,
M = 0 Source: Created by the authors.

E-ISSN: 2224-347X 37

A. Samatha, P. Muthu

Volume 21, 2026



WSEAS TRANSACTIONS on FLUID MECHANICS
DOI: 10.37394/232013.2025.20.4 A. Samatha, P. Muthu

a=3,V,=0.0,A,=00,M=15

0=3V,=02,1,=025M=15

0~ m=0s

9 -l
T T~o_ n=03 ~ <
1 <
£ o -\
=00 ~ .
AR

T T
0.0 0.2 0.4 0.6 0.8 1.0

@=3,V,=04,4,=05M=15
9~.

~.
~

L T M=05
T 84 ~ o ~.
~ ~.
~
H
(=

<
SO M=03{N,
N

~

2 =00

Fig. 9: [T\ Versus x for a divergent tube with o = 3,
M = 1.5 Source: Created by the authors.
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Fig. 10: Ap Versus x for a convergent tube

with a =3, A1 = 0.3 Source: Created by the
authors.
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Fig. 11: Ap Versus x for a convergent tube with o =
5, A1 = 0.3 Source: Created by the authors.
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Fig. 12: Ap Versus x for a divergent tube with o = 3,
M = 0.3 Source: Created by the authors.
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Fig. 13: Ap Versus x for a divergent tube with a
=5, M = 0.3 Source: Created by the authors.
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