Journal of Babylon University/Engineering Sciences/ No.(3)/ Vol.(24): 2016

Free Vibrations of Uniform Pipes Made From
Composite Materials at an Internal Flow Under
Effect of Additional Boundary Conditions

Nawal H. Al — Raheimy
College of Engineering / Mechanical Department/Babylon University
nawalalraheimy@yahoo.com

Abstract

In this paper the approximate method of Raleigh method can be used to study the effect of
additional boundary conditions (clamped — free & clamped — clamped ) on the free transverse
vibrations of uniform pipes which have length, L (Im) , inner radius, "R;" (lcm) & thickness, "t"
(1mm) made from composite materials, where the resin of unsaturated polyester represented the matrix
material reinforced by aligned (E-fibers glass) in the first case and used aligned fiber (Kevlar-49) in the
second case. The length of fibers is in the two types, the first type is long fibers (continuous) and the
second is short fibers (discontinuous) for different length all at volume fraction of fibers, "f" (0.15 &
0.25). At any construction of the pipe in composite material the natural frequency decreased when the
velocity of flow increased from zero to critical velocity also can be observed the pipe at clamped —
clamped boundary conditions predicts natural frequency & critical velocity greater than that pipe at
clamped — free. The natural frequency and critical velocity increase with increasing volume fraction
and length of discontinuous fiber. The value of natural frequency for pipes which have continuous
fibers is constant at certain velocity of flow while are variable in pipes which have discontinuous fibers
according to ratio between length of short fiber to critical length of discontinuous fiber whereas the
natural frequency increase with increasing this ratio. Finally the pipes with Kevlar fiber have high
critical velocity and natural frequency compare with pipes for fiber glass.

Key words: internal flow, uniform pipe, composite materials, boundary conditions.
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List of Symbols .

A Cross section area (mz).

Ap.  Cross section area of pipe (m?).

A, Cross section area of water (m?).

a&c; Constants.

E Modulus of elasticity (N/m®).

E. Modulus of elasticity of composite materials of pipe (N/m?).

Er  Modulus of elasticity of fiber (N/m?).
En Modulus of elasticity of matrix (N/m?).
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L Length of the pipe (m).

I Second moment of area (m"*)

I, Second moment of area of composite pipe (m*).
my Mass of fluid per unit length (kg/m).

m, Mass of pipe per unit length (kg/m).

t Thickness of pipe (mm).
R; Inner radius at clamped end.
R; Inner radius at free end.

A" Velocity of water inside the pipe (m/sec).

V. Critical velocity of fluid flows in the pipe (m/sec).

Y, Displacement (amplitude of pipe) (m).

Pe Mass density of composite materials for pipe (kg/m’).
pr Mass density of fiber (kg/m’).

Pm Mass density of matrix (kg/m”).

Pp Mass density of pipe material (kg/m’).

® Natural frequency of pipe at velocity of flow V (rad/sec).
O] Fundamental natural frequency of pipe in absence of flow (rad/sec).
1.Introduction

Advancements in materials bonding techniques have led to the use of
reinforced composite pipelines where have found applications in wide range of
industries such as aerospace, automotive pipe lines , etc. which are consist of two or
more phases that are usually processed separately and then bonded, resulting in
properties that are different from those of either of the component materials. Polymer
matrix composites generally combine high strength , high stiffness fiber s (graphite,
Kevlar, glasses, etc.) with low density matrix materials (epoxy, polyester, polyvinyl,
etc.) to produce strong and stiff materials that are lightweight. The literatures for
composites materials to study natural frequency are absent except a little studies but
the predominantly studies involve to study of mechanical properties, (Zou,2005),
presented a state variable model developed for the analysis of fluid induced vibrations
of composite pipeline systems (simply sported, clamped and clamped — simply
sported pipelines and investigated by ansys software. (Hani,2008), investigated the
compression and hardness test for composite materials consist from epoxy resin and
natural rubber in different ratio of volume fracture. ( Ali ,2009), studied the effect of
changing the reinforcement percentage by fibers on mechanical properties, for
composite material consists of epoxy reinforced by biaxial woven roving Kevlar
fibers which included impact strength, tensile strength and hardness.( Sahama,2010),
prepared composite materials from the unsaturated polyester resin as matrix
reinforced by woven glass fiber kind (E -glass) as first group and the second group
reinforced with woven of Kevlar fiber kinds (49) to test number of mechanical
properties ( tensile, compression, impact, flexural strength, shear stress and hardness)
which done at room temperature. (Hiba,2010), studied the effect of fibers on the
damping behaviors of composite materials by using epoxy and polyester risen as a
matrices for composite materials with carbon, glass and copper as reinforced materials
with different of volume fraction. Mechanical properties that be studied (vibration
damping, deflection, stiffness, natural frequency and damping period. (Amar,2011),
prepared the polyester matrix reinforced with short glass fibers and AI20O3 particles
with different weight fraction the measured (bending , impact and hardness) the
results showed the mechanical properties which improve with increasing weight
fraction. (Zainab,2012), studied the mechanical for properties for pipes where the
specimen cut from pipes made from composite materials were tested under internal
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pressure loading for carbon and glass fiber /epoxy composites. (Thaier,2013),
investigated the effect of support on the natural frequency and critical flow velocity of
straight pipe conveying laminar flowing fluid by considering the supports as
compliant material with linear and rotational springs.( Ganesa,2014), presented free
vibration analysis of glass fiber reinforced polymer composite materials had done
experimental method and FEM analysis for free vibration characteristics.

In this paper, approximate method of Raleigh method is used to obtained
frequency equation for uniform pipe made from composite materials at different
boundary conditions (Clamped — Free & Clamped — Clamped) made from composite
materials where unsaturated polyester resin as matrix reinforced by continuous and
discontinuous fibers glass kind ( E-glass) as first group of model and the second
group of model reinforced with continuous and discontinuous fibers Kevlar kind (49)
instead of glass fibers to estimate the natural frequency of vibrations and critical
velocity of flow at different values of volume fractions of fibers as well at different
length of discontinuous fibers in addition computation natural frequency at diverse
velocity of flow.
2.Theoretical analysis

Consider an punctually uniform cross section pipe of length L, the thickness t
and the inner radius R; at any position of part of length of pipe for different boundary
conditions as shown in (Fig. 1).

Fig. (1-a) Composite pipe at clamped-free  Fig. (1-b) Composite pipe at clamped-clamped

In uniform cross section of pipe at any length of pipe, A, = ( R02 —Ri2 ), where
R, = (Ri+t), therefore, m,=p, * A,, here the density of pipe (p, ) is represented the
density of composite materials (p.) which are component the pipe where its value
change with the volume fracture of fiber ( f ) therefore the density of pipe from the
below formula can be calculated:-

pe= pr*f +pm*(1-1) (D
therefore,

my = pe * Ap (2)
and

I,=m/4(R; —R') 3)

Now the procedure of Rayeigh is applied derive the natural frequency for
transverse motion of uniform cross section of cantilever pipe (clamped - free ) and the
pipe at (clamped—clamped ) of boundary conditions. Consider the term approximation
for clamped — free of boundary condition [Benoraya, 1998].

Y, (x):c{l—cos(%ﬂ (4)

But consider the following term solution for (clamped —clamped ) boundary
conditions,| Desai, 1971].
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Y, (x)=c, {l—cos(zzxﬂ (5)

In this method equates the maximum potential energy to the maximum kinetic
energy during motion, can be obtained, [Benoraya,1998].

L " 2
[E100 |7 @ ax
0 =L (6)
[m() [¥(0)]* dx
0

Substitute the expression for Yi(x) and it’s the second differentiations in above
equation for two boundary conditions and after integration the approximate of natural
frequency can be yields:-

, (19149)° [ET,
1 — L2

473)? [EI
ol = ( ;3 ) 25 (clamped — clamped) (8)
m

Where E represented the modulus of elasticity of composite materials of pipe and
depended on volume fraction (f) therefore the modulus of elasticity for composite
materials (E. ), [Ashraf, 2001] can be written as follow:-

Ec= Ef*f +E*(1 1) 9)
Equation (9) is really for long (continuous) fibers in order to compute the modulus of
elasticity for composite materials also in the present study can be use short
(discontinues) fibers whereas (E.) can evaluate as follow:-

E.= E; (1-%}*“&“*(14) (10)

(clamped — free) (7)

Where (1) length of short fiber and ( L. ) critical length of fiber which is
depend on the diameter of fiber ( d ), fiber — matrix bonds strength (T.) and fiber

yield strength ( G¢). For short fiber 1 < 151, where in this study can be taken as (1= 1,
4, 8, 12) from I.

(m )represented the total mass of system per unit length which consists from
mass of pipe and mass of fluid (water), my = mp+m,, where( my = py * Ay ),
therefore the equations (7) &(8) can be written as follow:-

2 |E T
w5:(1.91219) E1, (7-2)
L mlol
2 /E,I
a)12:(4723) cop (8-3)
L mlol

The estimation of these equations provides us natural frequency ,” for the pipe
carrying fluid which not moved. In order to conception the natural frequency of pipe
when the fluid moved at any velocity, firstly should be determined the critical velocity
of fluid from the flowing equations [Ivan, 2010 |,
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Ve=19149/L JEI/p, 4  (clamped — free) (11)
Ve=4.73/L JEI/p, A, (clamped—clamped) (12)

The above equations are really for uniform pipe but in the present study can be used
composite pipe therefore must change equation in order to realized the current study.

Ve=19149/L JE . I,/p,, 4, (clamped— free) (11-a)

Ve=473/L \JE.1,/p,, A4, (clamped — clamped) (12-a)

Thus the natural frequency of pipe at any velocity of fluid can be found out from the
following equation :-

@ V
—=,1l-— [Blivens, 1993 |, (13)

@, Ve
3.Results and Discussion

Table (1) shows the mechanical properties of the materials which can be
used in this paper and table(2) shows the values of critical velocity of flow of water
through composite pipe which have long (continuous) fibers for different values of
volume fracture and boundary conditions by using equations (11-a & 12-a). Figures (2
to 5) show the critical velocity as a function of the length ratio of short (discontinues)
fibers obtain for variation values. It is obviously seen that the critical velocity (Vc)
increased with the increase length ratio ( I/lc ) & volume fracture ( ). These manners
interpret for changing the value of modulus of elasticity (Ec) that is count on the
critical velocity where increased with increasing the modulus of elasticity for
composed materials. Also can be seen the critical velocity of flow through pipe at
clamped — clamped bigger than that at clamped — free because of the stiffness of the
system becomes greater than that at clamped --free. In the other hand the critical
velocity through composite pipe which have fibers Kevlar is greater resulting of the
modulus elasticity is higher than that which fibers glass. Figures (6 to 13) show the
natural frequency as a function of velocity of flow ( V=0 to V= V¢ ) get for different
length of fibers and values of volume fracture as well for different boundary
conditions can be observed at the same value of | & f the natural frequency decrease
with increasing velocity of flow because of the deformation which obtains in the wall
of pipe as a result of pressure of water which flow through the pipe therefore occur
centrifugal force due to acceleration of fluid through the curvature of deformation of
the pipe and it produces a reduction of the natural frequency and caused flail pipe for
clamped — free and buckling pipe for clamped — clamped. In the other hand at the any
value of velocity (V) the natural frequency of system increases with increasing the
value of f & Vlc due to increasing the modulus of elasticity therefore caused
increasing the stiffness of composite material. Lastly the natural frequency of pipe
which fibers Kevlar is greater than that pipe for fiber glass. Product of increasing the
modulus of elasticity. Finally the system for clamped-clamped which has natural
frequency is greater than that for clamped free due to increasing the stiffness.

4.Conclusion
Conclusions of the present study can be summarized as follows; the boundary
conditions of the pipes effect on stiffness of the system subsequently generate the
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vibration of pipe is upper at clamped — clamped. The natural frequency increases with

decreasing flow velocity, increasing the length ratio of fibers & volume fracture. In

other hand, the critical velocity of flow increases through the pipes with increasing

length ratio of fibers & volume fracture. The modulus of elasticity of pipes increase

with increasing volume fracture that cause increasing the natural frequency of system.
Table (1) Mechanical properties of materials, [Daniel, 2014]

Material Modulus Density
of elasticity (E) GN/m? | p kg/m’
Polyester 25 1380
E-glass 72 2500
Kevler-49 154 1470

Table (2) Critical velocity (Vc) of flow at different composite materials of pipes
for continues fibers (m/sec).

Boundar Volume . Fiber Kevlar
Conditiorfs Fracture(f) Fiber Glass (E) 49)
Clamped-Free 0.15 23.45 32.759
= 0.25 29.078 41.44
Clamped-Clamped 0.15 57.92 80.92
= 0.25 71.827 102.37

amped - Free
—@— Clamped - Clamped

sec)

Critical velocity Ve (m/
Critical velocity Ve (m/s

10—

0
I I I I

4 10 2 2 4

6 8 6 8
Ratio of length ¢ Ratio of length Ilc

Fig. (2): Critical velocity as a function of length Fig. (3): Critical velocity as a function of length
of fibers glass for £=0.15 . of fibers glass for £=0.25 .
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|
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Fig. (4): Critical velocity as a function of length Fig. (5): Critical velocity as a function of length

of fibers Kevlar for £=0.15 . of fibers Kevlar for £=0.25 .
P
i P
P £
’ 1 1 T T T ] T T 1 ° 1 1 1 1
Fig. (6): Natural frequency as a function of Fig. (7): Natural frequency as a function of
velocity of flow for different length of fibers velocity of flow for different length of fibers
glass for 1* mode at clamped- free for f=0.15 . Kevlar for 1* mode at clamped - free for f=0.15 .
-
P ]
|
Fig. (8): Natural frequency as a function of Fig. (9): Natural frequency as a function of
velocity of flow for different length of fibers velocity of flow for different length of fibers
glass for 1* mode at clamped- free for f=0.25 . Kevlar for 1* mode at clamped - free for £=0.25 .
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Natural frequency : w (rad/sec)

Polyester+iber glass, £=0.15, C-C
—=— continuous fiber

—4—  discontinuous fiber I=lc
—Jl— discontinuous fiber I=dic
—@—  discontinuous fiber I=8lc
—A—  discontinuous fiber I=12ic

0 5 10 15 20 25

0 35
Velocity of flow : V (m/sec)

40

45 50 55

60

Fig. (10): Natural frequency as a function of
velocity of flow for different length of fibers
glass for 1* mode at clamped- clamped for

=0.15.

Polyesterfiber glass, f=0.25, C-C

—=— continuous fiber

—4—  discontinuous fiber I=lc
—Jl—  discontinuous fiber I=4ic
—@— discontinuous fiber I=8lc
—A—

discontinuous fiber I=12lc

0 10 20 30 40 50
Velocity of flow : V (m/sec)

80

Fig. (12): Natural frequency as a function of
velocity of flow for different length of fibers
glass for 1* mode at clamped- clamped for

=0.25.
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Fig. (13): Natural frequency as a function of
velocity of flow for different length of fibers
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=0.25 .

Ahmed & et. al., 2011," effect of alumina particles on the mechanical properties of
discontinues glass fiber reinforced unsaturated polyester composites", Journal of
AL-Qadisiya for Engineering Science , Vol, (4) No.(1), pp. (179-180).

Ali E. AL-Mousawy, 2009, "Study of Some Mechanical Properties for Polymeric
Composite Material Reinforced by Fibers", Journal of AL-Qadisiya for
Engineering Science, Vol.(3), No.(1), pp.(14-24).

Ashraf F. , 2001," Mechanical Behavior of Composite Materials".

Benoraya, 1998, "Mechanical Vibration", Prentice — Hill, Inc., U.S.A.

YV



Journal of Babylon University/Engineering Sciences/ No.(3)/ Vol.(24): 2016

Blevines, 2001," Flow induced vibration" Krieger publishing company, Malabar
Florida, 2™ edition.

Daniel Gay, 2014, "Composite Material Design and Applications", 3" edition.

Desai & J. Abel, 1971, " Introduction to finite Element Method", New York.

Ganesa & et. al., 2004" Free Vibration Behavior of Reinforced Fiber of Glass
Polymer of Composite" , Middle-East Journal Scientific Research , Vol.(20),
No.(6),. pp.(734-737).

Hani A. Ameen, 2008, "Mechanical Properties of Composite Material Using Natural
Rubber With Epoxy Resin", Journal of , Vol( 26), No.( 4).

Hibba j. Jaffer,2010," Effect of Fibers on Damping Behaviors of Composites
Materials " Thesis MSC., University of Technology.

Ivan Grant, 2010, "Flow induced vibrations in pipes, a finite element approach",
Cleveland state university, May.

Sahama & et. al., 2010" Studying Mechanical Properties For Polymer Matrix
Composite Material Reinforced By fiber And Particles". Journal of engineering
&technology , Vol. (28), no.(4) pp.(81-93).

Thaier J. Ntayeesh, & et. al., 2013, " Free Vibration Characteristics of Elastically
Supported Pipe Conveying Fluid", Nahrain University , College of Engineering
Journal ( NUCE]J), Vol.(16), No.(1), pp.(9-19).

Zainab, K. Hatoosh & et. al., 2012, " Mechanical Properties For Pipes Made From
Composite Materials (Glass / Epoxy And Carbon / Epoxy) Subjected to Internal
Pressure", Journal Engineering & Technology, Vol. (30) No.(6), pp. (117-134).

YvY



