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Abstract. In we put forward an approximate mathematical model of flexural
rotary vibrational movements in a twin pipeline bent by gravity. The model was
developed in an assumption of low pillar elasticity and piperdetions associated
with the pipe leave out of the flexure plane and takes account for the Archimedes
buoyancy force, Coriolis inertia forces and drag forces proportional to theafiest
velocity. We gave formulas describing natural frequencies ofipg@&exural rotary
vibrations and determined the effects of the Archimedes force, Coriolis inertia forces,
drag forces and also geometrical and physical mechanical parameters of the pipe on its
natural vibrations.

Keywords: spatial parametric vibrationpipeline, alternating internal pressure,
static pressure, initial phase, amplitude, circular frequency of pressure alterations

The present paper being a continuation of the work begun in [1] is devoted to
solving the problem on spatial flexwrabtary vibrations of a pipeline under the action
of alternating internal pressure. Special attention is paid to research on the effects of
values of static and dynamic components, circular frequency and initial phase of
pressure in a liquidarchimedes bugancy force, Coriolis inertia forces and drag forces
on flexural and totaryvibrational movements of the pipeline

A calculation scheme for flexural and rotary vibrations produced in a pipeline is
given in Figure 1. The left side of Figure 1 shows a piption of lengthdx and mass

m . . , :
dm:t dx, and the right side of the same figure demonstrates accelerations and forces

acting on the selected pipe portion. The length of the pipettse thickness of its wall
is h, and the total mass di¢ homogeneous pipe and liquidrns

E Electronic scientific jour na lhttpiiM@iwlogbasmud Gas




609

Figure 1. Calculation scheme for flexural and rotary vibrations of the pipeline

The loadqg, distributed along the pipeline is expressed by the formula [2]:

HZW UZW
> RBRE— .
Mt X, F= g, P=R #sin( W 3 (1)

i i 0

q= 1
"L

wherew is the deflection of the pipe portioNy, | , Po andP, are the circular
frequency, the initial phase, the value of the static component value and the amplitude
of the dynamic component of the alternating internal predurethe pipe,R, F;i are
the internal radius and the area of the pipe flow sedtisrthe time.

The equation of the conditional equilibrium in the pipe as a sum of moments of
all the applied forces and inertia forces about the Bxisas the form

L
- fj(dmg -dA veind - @{d,F -wg FM- Sd W dxpy
(m (m (m dt, )

where d is the angle of rotation in the pipe as a rigid body about the Bxjs
2
dA=} , ‘R +? gih is the Archimedes buoyancy forcedF, :dm\,\,_(;tg,

dF, ﬂdmi—dM are the tangential and Coriolis inertia forces of the pipe portign,

t pt
is the density of the continuous medium around the pipés the gravitational
acceleration,|\/|e =c¢ d is the total moment of the elastic foscm the pillarsc is the
elasticity coefficient of the pillarsg is the drag coefficient depending on the

continuous medium viscosity and the immersed body shape [3].

The differential equat i oimitsown planeisaspi peds

follows
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2 T-PF)L 2 3l
pw_ Bl ﬁl’v(‘ °F) W cosd whd 8 &L W
pt m M m )il (;,dt = m t (3)

where T = EE P gix is the longitudinal tension forceE, F=2"Rh and

0

J@Rhis the Youngds modul setomalfarea aneits axilt er i a |

moment of inertia in the pipelingg, = g —A, A=} "R +h? Ly is the Archimedes
m

force expelling the whole pipe.
The function of the pipeds defl ection

2
Fwigpy W

WO,1)= W(L,t) = L1) ©
dx® dXZ( ) , is taken in the form

. X

w(xt)=(W +w(1)sin—

(5)=(w% (§)sin* “

whereW, andwy(t)are the amplitudes of the deflection static and dynamic components.

Inserting the funttons (1) and (4) into the equations (2) and (3) and applying the

BubnowvGalerkin method [4] to the latter one, we obtain the following set of differential
equations

1d2d(WO+ (t))2 ed dc

+—— +d 0
2 dt? mdt m +(W +w())a291smd %%%—V\f’ 8 €
d? w_ eLdw p ‘EJ W, 49, ad d'g
d? m dt mE( % (1) P 5 o (v V\M)geag
& 2EF 0
Tz M ()RR psing t @) (W w()) ®)

The work [1] gives also an algebraic equation to determine the static component
W, of the deflection in the pipe

"‘EF a 2EJ 0 g mL
F\/\/O3+ 2 _ g\é i
g -_—

€ (6)

that makes it possible to find an approximate critical magnitude for the static pressure

"2E]

P=——".
0 I:ILZ

(7)
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The set of equains (5) is solved under the initial conditions

dd dw,
t=0, d =.c — =7 w, =0, —=0. 8
oC 5 =¥o W=0, ®)

Here,d,, ¥, are the initial angle of rotation and the angular velocity of the pipe.

Let us consider the effect of the static component value and the dynamic
component amplitude, the circular frequency and the initial pressure phase inthguid
Archimedes buoyancy force, the Coriolis inertia forces and the drag forces acting on
flexural and rotary vibration movements of the pipeline.

Here, as in the work [1], the numerical solution to the Cauchy problem (5), (8)
was determined by the Run#e@itta method. The calculation results for the following
main parameter magnitudes:=6,1410 @ kg, L=25m,c=0, g = 9,8 m/$, R = 0,259
m, h= 0,006 m, E = 2,020 Pg d,= 0,3 rad ¥,= O rad/sare given in the form of

diagrams. Figures-23 give the diagrams of tirdependencies of the angle of rotation

d and the dynamic deflectiam(t) in the middle point of the pipe span, respectively. In

the diagrams, the solid lines depict the calculation results with account for drag forces
whereas the dashed lines show the results with no account for these forces. The
calculations were made for twsets of values for the drag coefficient and the

continuum density ..: € =24 Pa® and j =800 kg/m® (aqueousmedium), € =0,021
P&3 and} ,,=1,25 kg/m® (air medium). The diagrams given in Figure$2and 1833

illustrate the calculation results for the two above noted sets of values for the drag
coefficient and the continuum density, respectively.

The effect ofthe valueP, for the internal pressure static component in the
pipeline on the its flexural and rotary vibration movements is demonstrated in Figures
2-7,1823 and 812, 1517, 2429, 32, 33. The calculations were made for two values of
the pressure staticomponentP,=1,0 MPa (Figures 27, 1823) andPy= 5,08 MPa
(Figures 817, 2433). In this case the valuB, for the pressure wave dynamic
component had two magnitudeB,= 0,01 MPa P,=0,05 MPa and the circular
frequency W and the initial phasg had three magnitudedN=2,8 rad/s W=6,8
rad/s W=108 rad/sand j =0 rad, j = / rad j] = rad By comparing the
corresponding diagrams in these figures, we can see that an increase in the amplitude of
flexural vibrations and a decrease in the frequency of rotary vibrations occur
simultaneously with the growinghternal pressure static component at the similar
parameter magnitudes. Besides, it can be noted that the greatest changes in the pipe
flexural and rotary vibration amplitudes at the same static presjusre due to
changing magnitudes of the circulaedquencyW. As seen from all these diagrams, if
the pipe vibrations occur in agueous medium wher24 P&3 and ) = 800 kg/m® the

amplitudes of flexural and rotary vibrations with and without account for drag differ to
a large extent (FiguresZr). If the pipe produces vibrations in the air medium wigen
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=0.021P&8 and } =1.25 kg/m®, we can see a coincidence of calculation results with

and without account for drag forces (Figures3B3. In the latter case we can also
observe a pronounced increase in the frequencies of both rotary and flexural vibrations

in the pipe.
In order toconclude about the effect exerted by changing ampliRidef the
i nternal pressure dynamic component i n the

vibrations, we should compare the corresponding diagrams, e.g., in Figures 9 and 12
(aqueous mediuniy= 5,08 MPa W= 6,8 rad/s ] =0rad), 26 and 29 (air mediunk
= 5,08 MPa W=108 rad/s | = 0 rad. In Figures 9 and 26, the diagrams are

constructed foP,= 0,01 MPa, and in Figures 12 and 29 fBg= 0,05 MPa As can be
seen, if the pipe moves in aqueous medium with growing amplRydé the internal
pressure dynamic component, it is accompanied by a considerable increase in the
amplitude of flexural vibrabns and a less pronounced increase in the amplitude of
rotary vibrations. If the pipe moves in air medium, an increase in the ampftuofe
the internal pressure dynamic component leads to an increase in the amplitudes of both
flexural and rotary vibradns. In the latter case we can also note a decrease in the
frequencies of rotary and flexural beatings.

For Py = 5,08 MPa and P,= 0,05 MPa, similar diagrams are constructed in
Figures 13, 14¢ = 24 PaB, } .= 800kg/m®, W= 6,8 rad/9 and 30, 31 € = 0,021 P&3,

} =125 kg/m®, W=108 rad/9 with no account for the Archimedes buoyancy force

(Figures 13 an@®0) and the Coriolis inertia forces (Figures 14 and 31). If we compare
the corresponding diagrams in Figures 12 and 13, 14, and also 29, 30 and 31, we can
state the following.

If no account is taken for the Archimedes buoyancy force, a considerable
increase in the frequencies and a decrease in the amplitudes occur simultaneously when
the pipe moves in aqueous medium. In this case we can also note a considerable
increase in the frequency of flexural beatings. In the case when the pipe moves in air
medum, its frequencies and amplitudes of rotary and flexural vibrations change
inconsiderably.

If no account is taken for the Coriolis inertia forces, both frequencies and
amplitudes of rotary and flexural vibrations increase inconsiderably when the pipe
mowves in aqueous medium. In this case flexural vibrations with the highest amplitude
continue over a shorter period of time. There is also a slight increase in the frequency of
flexural beatings. In the case that the pipe moves in air medium, its frequandies
amplitudes of rotary and flexural beatings decrease to a large extent.

The effect of changing the internal pressure initial phaseon vibration
movements in the pipe is illustrated by the diagrams in Figures 12, 16, 17 (aqueo
medium, W= 6,8 rad/9 and 29, 32, 33 (air medium/V=10,8 rad/9 constructed for
static pressurd®, = 5,08 MPa Changes that occur in the amplitudes of rotary and
flexural vibrations are inconsiderable for aqueous and air media, along which the pipe
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executes its movements. A slight increase can be noted in the frequency of flexural

beatings in the pipe occurringtivthe growing magnitude of the initial phase.
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Figure 15. Dependencies of the angle of rotaticand deflectiorwy of the middle
point of the pipe span on the timat P, = 5,08 MPa, P,= 0,05 MPa,
£= 24Pa3, | = 800kg/m®, W=108rad/s j =0rad
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Figure 17. Dependencies of the angle of rotaticand deflectiorwy of the middle
point of the pipe span on the tirmhat Po= 5,08 MPa, P,= 0,05 MP3q,
£ =24Pa3, | ,=800kg/m’, W=68rad/s ] = rad
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Figure 18. Dependencies of the angle of rotaticand deflectiorwy of the middle
point of the pipe span on the timat P,=1,0 MPa P,= 0,01 MPa,
£=0,021PaB, | =1,25kg/m®, W=28rad/s ] =0rad
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