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Abstract

This paper investizate the dynamies of curved pipes conveving pubsating
fowiie Tuid. The pipe is considered to oscillate normal (o the plane of curvainre .
Clamped cids conditions are imposed at the extreme ends and pinned condition s
constdered at the mtenmediate support.

The repions of instability are examined | using conventional methods (o
Plentily conditions of unstable operation of the pipe . The inermedinte support 1s
chianged W show the effect of the infermediate support position on regions of
mstability. The regions of instability have the higher values wher the mtermediate
support at the nuddle posibon

The elfeet of excitation paraneter and How veloeity on the dynanucal
hehavior of the pipe are also exanuned |

Nomenclature :-

1o Yowne s modulus (NS m:‘)

O Shear medutns 10N m“'}

I Second moment of area ( m’ }

I PPolar moment of drea m')

for SalTness ratio ( Gl L)

1, Flond mass per umt kength Ckpim )
m o Tube mass per enit length (ke fm )
B Radius of pipe curvatare (om )

1ol §osee. )

Vo Transverse displacement along 7- axis
U Flaid veloeity { md s )

o Total anele of curvature of the pipe ( rad )
o - Circular frequency ( Hy)

introduction:-

The problem of stability of pipe lines in thermal power stations . fuel lines in
combustion engines . heat exchangers and other piping systems indicates that specific
attention should be taken into consideration for the dynamical behavior . A good selection
of the parameters controlling the dynamics of piping systems  which ensure stable
omeration, leads to safe operation for these systems. The stability characteristics of curved
tubes as well as straight tubes conveving steady flowing fluid are availuble m the
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literature. However , the stability characteristics of curved tubes moves normal 1o (he
planc of curvature conveying pulsating flow could not be fourd .

The dynamical behavior of curved tibes conveying steady
constderable attention in the literature . For example e general theers which
accounts for circular ares vibrations was presented by Chea[ 1] Tt was assuned that
the centerline of the wbe ix inextensible and he found that the twbes lost teis stanility
by static buckling when the flow exceeds a certain critical value

Hill and Davis [2]  studied the dynamics and stability o elampeid - clamped
pipes conveying fluid, shaped as circutar arcs as well as (S & 1. ) shaped and spiral
conlipurations. They obtzined that when the initial forces are taken into weeount, then
the pipes supported at ends do not lose stability L it doesn™t mutter how the flow
velowity may be. Long [3], Benjamiin [4] and Gregory [5} have extensive thearetical
and experimental investipation for the stability of pipes with ditTerent end oo
The effect of harmonie fluctuation of the fluid How on cantilever PIpes i
by Pandowssts and Tssid [6]0 They concluded that instability occurs by reonance
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appearinee 1 two repions called “Primary © and = Seconduary = regions of instehilin.

Theoretical analysis :-

Thie system under investigation s a4 uniformly corved PP conbaiiting
pulsiting flowing  fhad, see Figo (1) for representation o coordinaes  and
displacements of the pipe, The curved pipe is subjected to bendme and twisting
actions during tie normal 1o — plane motion. The Nexura) rigichity of the pipe = 11,

ass perenit feneth s o mcss o utd per unit tength is pryand and veloony o UL

The equation of motion of the pipe 15 derived  according o Thunilion s
ponciple. The equution of motion is [ 1] 1 -
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Pquations (1) & (2) are the general coupled cquations of owotion for e cursed ibe in
adimensional form - Introducime the following non  dimensional quantities -
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Equations (1) & (23 will take the form:-
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Piaee 1) Representztion of conrdinates and digplacements
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Lquations ( 3) &{& ) are two coupled partial differential equations o climinatig €1

viclds -
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Sinee the low s pulsating. the function deserthiog the velocity is assumed fo be

haemenic which can e wiitlen as | 9 -

g fl+d cos{e )] {0)
Subsbiteting g (63 1ndeo (5 ) gives -
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where yo(lio cosmr )y L (8

Reeinns of Instability -

The regions o Instability can be found by solving Fo. ¢ 7 3 The soluion of

(7} is:

_ ] \ . 1 .
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The primary regions of instability are found when g = 135, owinle the
secondary instability regions obtained when =024, ... .

Truncating the series at =1 for the primary regions and at q= 2 for the
secondary regions , one get the principal primary and principal secondary regions of
instability. Solving the equation corresponding to the prineipal primary regions , we
pet -
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Fguations (10 a0y & (10 by gives the upper and the Tower Emits of unstable revions
interms of g To define the recions of imstability it terms of the non- dimensional

displacement { #), the relation between ¢ & g 1| 1] -

| -
- O ddeded - Koy (13
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stbstituting B 010y mto (13 eives the upper wd the Toseer fimis of the
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principal reetons ol instability as-
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L upper and the tower liniats ol the principal secondary repions of mstability
w1 the same procedure as that Tor the principal priosery recions, The
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Vhore - o roots of the pelvnomial :-
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where /4 s are the roots of the polynonal
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Bopondary conditions:-
I At the chunped ends -
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Where subscripts & 2 refer to the feft and the right sides of the intermedice supporl
respectively .

Limits of Instability Regions:-

To caleukate the primary or sceondary principal limits of nstabiiy . e
solutions 10,14 15,and 17 are substituzed Into the boundary conditions 24, winli
resull o set of algebraie equations for each Hmit. They can be writien as -

4, HC =0 e (21)
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The value of the frequency (o) that makes the determinant of ( 21 ) equai
zero crepresent the natural frequeney for the corresponding Jimits |

Results and Discussions :-

The eftect of intermediate support positioning and the exeitation parameter on
the regions ol instahility is shown in hgure (2). This figure shows that (e sivze of (e
tstable region is unaficeted by the position of intermediate support. This position
sifts the whole region o higher or lower frequencies, Further it may be noticed that
tor the st mode. the twao regions abways shift to higher frequencies, however., they
fluctuate to higher or lower vitlues for others modes. This may be explained by o
carcful observation of the equations cotrespond to the upper aad lower regcions
respeetively, These equations indicate that the size of (he unstable region depends on
the fTow velocity and the exeitation patameter only and there s no dependence ot tlie
latter pacameters on the intermediate suUpport positioning.

The efteet of fluid Now velocity () on the regions ol instabilitios is indicated in
fioure (3). Fhe excitation parameters has an effeet on (e arca ob the mstahle regions,
This behavior can be expluined as:-

I For the time effeet L AT is proportional to ( U, - band o depends
on the amplinede of exeitation | therefore AT is proportional o A
Fhe mteria forees delivered from fuid Toctuation do not depend o 4
only hut atso on the difference between U and o This makes it elear tha
v v e preportional 1o AL therefore, the intertis forees is proportiona 1
AL
Itrs elear that the stze of an unstable TEHTON nereases witlh moereising the Tmy
veloeiy for both the primary: and secondary regions, To o elaborate on this
behavior, it mayv be noticed that the time peried of hurnmonie Huehation i the

Tuid velocity oceurs at 2T and T for the two regions respectively e resonanee

appears at these two periods due tos-

Lo The time duration throueh e reduction in o verity o the hivler

Linait (v, ) o the mean velocty (o)) Inereases with mereasine the {Tow velocity

theretore the size of the unstable revion becontes wider with HHCIeasing

S the et forees delivered [rom the Nuctuation of the [und How inereises with
mercnsiog s henee this foree will be an auxiliary factor in resonance appairianee

The variation of the regions of instability with the angle of curvature i
shown i figwre (4), The efleet of this parameter s sinilar to that of the
nitermediate support position, i.e the angle of curvature fowers or {ifts the whole
renion but tthas no effect on the area of the region of instability.
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