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OUT-OF-PLANE DYNAMICS OF CURVED —
STRAIGHT PIPES CONVEYING FLUID
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Abstract

This work studies the dvnamics ol pipe system, whicl is constructed frant curved
and steaight parts forming a semi-U bend pipe. Fhe velocity of the Nuid Howino i the
pipe s considered 1o he unsteidy,
The vibrtion and stahility characteristies are studicd msingmaivtical mathematica!

methods
s idicated that the prpe loses its stability by flutter, and the regions of mstability are
eifarged with inereasing the fTow velocity and the excitation of flow: veloeiny,

Introduction
Hhe stabitiee of pine lines in power stations and et exchanger pipes and
other piping systems are of specific imporlance to certiticate the strueture desion.

The vibration and stability problems of curved and strarght pipes conveying steady
state flow {Tuid are available in the Jiterature, However, the vibration and stability
charucteristios of pipes combined ol curved and straight parts conveving unsteady low
cotld not be fonnd.

Al Timailys AN and MU lsmaeel [12]in an experimental and theoretical
mvestioutions stadied e dynamical behavior of multi-span pipe convevine il They
studhed the etieet of inproper middie support posittoning on the vibrtions -l stubility
ol anlt-span pipe. respectively, They coneluded thar severe vibrations as well s
stabelity mieht occar iF po stentficant attention i focused o the positien o the
mienmediate support,

The dyiamie response of curved beomn vibrating in or out - of plane of curvature
15 o huerest in many lields of engineering. Den Hartog 3] emploved the Releivh
Rtz niethod to find the Towes! natural frequeney of circular ares with clamped edees.

The out of plane vibrations of continuois curved beaps neetecting the efteer of
dampiog o rolry mertia wis studied by Netton 14, Nara] frequencivs for o two -
span curved beam were determined. It was found that the natural frequency inereases
witly inereasing the central angle of the are,

Chen [5-71 studied the dynamics and stabtlity of curved pipes in the form of
coeulur ares conveying steady flow, Jt was assumed that the centerline of the tube s
extensible. Also it was indicated that in the case of clamped - clamped and pinned -
Pinned houndary conditions, the the loses stability by buckling when the low velocity
exeeeds a certain eritical value,

Hill and Davis [8] studies the dynamies and stability of elamped — clamped pipes,
Thelr equations of motion had o significant difference from the previous studies. They
included e effect of initial Torees arising from the centrifugat effect and pressure of the
fluid. They obtained an interesting result, which is if the mitial forces are taken into
account, then pipes with both ends supported do not lnse stability no matter howy high
the veloeity of low may be.

V. V. Varadan, Jen [Twa Jeng, Liane chi chin, Niao Qt Bao and V.K Varudan [91
employed the finite element method to solye the eigenmodes of vibration of (he
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transducer and an cigenmode superposition with unknown welghting coeflicients is
interfaced with the Floquet representation, Continuity at the boundary is used 10 solve
for both sets of unknown coeflicients. The effect of vod cross seelions, coneenimilo,
material damping are studied as a function of frequency.

ALATA ABBAS MAHDI [10] studied the effects of induced vibeation o o uliv-
spar sunply supported pipe conveying fluid with a restriction. 1 he dynamics of pie
conveymyg fluid is desceribed by means ol transfer matrix approach, which provides o
winterical technique for solving two-dimensional meompressible cquations of foreed
and free vibrution mode of a pipe conveving fluid, The governmg partial ditTerental
equations are directly approximated by a finite difference selienie, The ae-dependen:
twosdimensional Navier-Stokes cquations is presented to show the stricture ol the Toaw
and the numerical observations ol hoth steady and unsteady two dimensional flow
through & rigid walled pipe conveying Hutd with different arifiees i PINC potosiy
ratios. Experimental work was carried oul and from the theoretical and cxperimental
mvestizations, it is concluded that the fluid flow througli a pipe with o restriction alieets
the dyiamic behavior of the pipe in addition o the flow field structure dne o nuleeed
vibration. Also it is concluded the importanee ol taking into consideration the (ol
Corlolis foree, Huid pressure and the mass ratio,

From the literiture avatlable and (0 our Knowledge, there is no relirence deals
dircetly with carved - straiglt pipes, which convey Huctuating owing tuid.

Theory
The cqrations of motion vl the straight pipe o Us non dimensional S s
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N it the subseript s denotes the strarght seument of the pipe.

The derivation of the equation of motion for @ cumeed Prpe corveying wisteady fow
flutd was not found in the lieratuee, Using Hamilon™s princinle. the cUUtvi of motion
of the curved pipe conveying twisteady Hlowme Tud in s final nondimensioaal Tormn s
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Note that the subscript ¢ denotes the curved scgment of the pipe.
To describe the function of the unsteady flow harmonically, Fourier series with one
harmonic for the periodic velocity may be used [12}:
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Regions of Parametric Instabilities

Fhe repions of unstable ease of the pipe are divided nto two main Fegions.
nemedy the primnry and seeond: iy instability recions, These regions are separited when
solving Lgs, 6 & 7 as:
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Pricnary instabibny recions are found when q#1.3.5.7 while the secondary are
deternined wien q- oL Note that Hh, are unknovn functions,
Sabsituiing 1. %ot E q. G yields:
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{or the secondary Tnstability regions witl: respect to the straipht oo,
Now the regions of the curved part can be found by substituting b (9) inw Eq.i7)
which gives the primary and secondary regions of instability rexpectivelv.
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Boundary Conditions
The pipe is assumed 1o be clmped at both ends. Al pomt (A 01 O and ot pane
(D)on Lo(Fie )
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At the straight - curved junction the following equations nuy b impesed ol
requirements of continuity ol displacenient. slopes twist anele, hendin moge
Bwasting monent and shear foree as:
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Results and Discussions

The effect of the flow parameters. nantely. flow veloin ., piiss roie wnld oo
parameler on the dynamic characteristics of the syslom ander conieol
discussed.

The effect of the ratio of the fluid mass per unit length w G o i s sl
pass per unit length, B, on the natural frequencies may be obsorved Mo
clearly indicated that the fluid tends to reduce the natural frequencios wiiin g siabls
range of operation. This fact agrees well with other findings such as thut by Cron

Ate
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and Paidoussis [11], Furthermore, Fig, (2 indicates that the fluid veloeity also tends to
reduce the naturn! froquency until a critieal velocity is reached where buckling
instability Jikelv w occur is expeeted. This fact is atributed to (e Coriolis term,

=1 | -

(_. : (.’

namely, (277 - =71y for the curved sepment and (2/8% =y for qhe striight

ol Qudr

v ¥

segment wlhich has the tendency to damp the system and reduce the natural freguencies,

Far Muctuating flove, the effect of the fluid flow veloeity [v.] on the resions of (e
mistabilities is indicated in Fies (3) and (5) while Fig.(4) shows the variation of the
regions of instabilities with the excilation paranieter (AL It is clear that the size of
unstable region increase with merensing the How velocity for both the primary and
seeondary regions. To elehorate on this behavior, 1t may be noticed that the time period
ol harmonie fluctuation in the fluld veloctty occurs at 21 ard T for g Lwor resiong
respeetivels. The resonanee appears at these two periods due 1o-

L The time doration through the reduction in flowy velocity from the hieler
Hanit [l ] 1o the mean velocity v ] inercases with mereasing the Tow
velocity: therefore the size of the unstable recion hecomes wider wigh
increasing [y .

2= The nertia forces delivered from the fluctuation of the Md Now IRCredse
with increasing [v . henee this foree will be an auxiliary tactor in resmianee

anpearinge,

The excitation parameter has an identieal effeet on the regtons of mstubilite as that
[ b Pl (1) T is shown that the regions of instahility are enlarged witly increasing the
exeiition parancters. This s dye W the difference hetween the nasimum and
nunimun values of oy velocity, whicl has an effoct stmilar to smusoidal Toree,
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Fig.1: Model of Curved =Staight Tube swith Clamed Fuds Condition ,
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Nomenclature

L Young's modulus of clasticity ol the plpc material (\;m ).
I: Second moment of arca of the pipe cross section (m™
my: Flutd mass per unit length (Kegfm).

ny s Fube mass per umit length (K gdm).

R Mean radius of curvature of the curved part (m),

t: Time (Scu)

Ll Doniform How velocity (mdfsec)

1o Dimensionless veloaity,

v, o Mean dimensionless velocity,

i Muass ratio.

e Corealar natural frequeney ().

_ M)
£ Dimensionless frequency parameter, £ (- i

n,

A Lxcltation paraimeter A = B N
'I.'II
T Pinensionless time.
s Dimensionless Tength of the straleht seement.
Lo Transverse displacenient (in).
o Iimensionless ransverse displacement.

@ Angle of twist frad).
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