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Twobasicaspectsoftheproblemhavebeenknownfora
longtime

- Fire-hoseinstability - Garden-hoseinstability

- Bucklinginstability - Flutterinstability




THESTUDYOFTHEDYNAMICSOFPIPES

Hasbecomewellknownbecause:

I  Onthesamelevelastheclassicalproblems

(a column subjected to compressive loading and the rotating shaft)

1 Capableofdisplayingavariousinterestingdynamicalbehavior

(period-n, quasi -periodic, and chaotic motion)

1 Belongstoabroaderclassofdynamicalsystemsinvolvingmomentumtransport:

(such as high speed magnetic and paper tapes, band -saw blades, transmission chains and belts)




THESTUDYOFTHEDYNAMICSOFPIPES

Travellingchainsandelasticcords  (aseriesofexperimentsbyAitken(  1878))

Derivingthecorrectequationsofmotion Bourriéres ( 1939)
The 1950sand 1960s (outofcuriosity)

Theapplicationscameafterwards, 20, 30 and 50 yearslater

(For engineering applications, the phenomena of interest occured at flow velocities beyond the normal engineering range) (Esc aping the interesting dynamics by
increasing the cross -sectional flow area)

Theadventofnewapplications(verylong,thin -walled, oraspirating pipes)

hasresultedinshiftingthecriticalflowandbringinginterestingdynamicsintothenormal
operatingrange

(makingthemofdirectinteresttodesignersandoperators,aswellasresearchers)




APPLICATIONS
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Coriolismass -flowmeters

Coriolisaccelerationofopposingsign,generatingatorquewhich periodicallytwiststhe pipeattheright
endinandoutofthepaperasshown. Thetwistangle Islinearlyrelatedtothemass

thephasedifferenceinthevibrationofthetwolegsoftheU. Either,generallythelatter, providesanaccurate

-hand
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A: U-shaped pipe; B: T -shaped leaf spring; C: electromagnetic exciter; D: optical sensors




Hydroelasticichthyoidpropulsion ®)
Inspiredbasedonthesimilaritybetweenthemodeshapesofa
fluttering pipeandaslenderfish © —=1 ?. ﬁ
stillatinferiorefficiencytoapropeller : \\@ ——@5 // :
. : O h
butspecialpurposespropellersareundesirable because of
sealing( atgreatdepths) ornoiseproblems -
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thin brass plate; H: Tygon pipes; |: flow adaptor; J: clips for attachment
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Aspiratingpipes

Oceanmining, OTEC,LNGproductionanddredging

- Manganesenodules,diamonds,andmethaneliquid

- ColdwaterforOTEC

- Naturalgas(LNG)productionatsea

-crystaldeposits

PROCESSING PLANT




Solutionminingandcarbonsequestration

Storing Potash, orothersoluble productsinnaturalreservoirs

Aslargeas 5 millionpetroleum -barrelsair/water -tight

Soareidealforstorage oflargevolumesofliquidorgaseous
hydrocarbonsforlongdurations

Asimilarapplicationisthatof Carbon Captureand Storage
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Stabilityofdeep -waterrisers

Flex hoses

Well control equipment
Upper buoy

- connectingthesea -floortoanoffshorefloatingorfixedplatformortoaship

- Allkindsoffluid -structureinteractionsareofconcernforrisers,involving
currents,wavesandinternalflow

Lower buoy -( ]

Submarine base
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Stratosphericcooling

- Btratosphericshield Noroposedasa
geoengineeringconcepttoreverseglobal
warming

- LiquifiedSO 2 wouldbepumpedfromthe
groundtothestratosphereviaa D 30 km
longcantileveredhose,clampedtothe
groundatthebottom




Oil-welldrilling

- alonghollowdrill -rodconveying NMudNsludge)downwards

- Themudtogetherwithdebrisflowsupwardsalongthestringintheannulus
betweenthedrill -rodandtheborehole




Vibrationattenuation

- oneormorecantileveredpipesconveyingfluidattachedtoavibrating
structureforthe purpose ofdampingitsvibration

- Whenthepipeisdisturbed,itvibrates,andthisisdetectedbya
displacementsensor. Ifthevibrationisabove apredeterminedthreshold,
avalveopens,admittingfluidflowintothe pipe, suchastogive optimum
damping
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Micro- andnano -tubeapplications

sensorsandprobes

- ForweighingbiomoleculesandCoriolismass
meters

- medicaldiagnosis, sensingandmaterialsprocessing,
withCNTsusedascollimators, speciesseparators,

-flow
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KINEMATICS
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FORCES

Thefree -bodydiagramofanelementofthepipe
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Q Shearforce
M the bending moment
F the internal fluid and the pipe interaction force
gS the internal fluid and the pipe interaction force
T [T hydrostatic forces
Fap . Fa additional inertia forces
Fv R viscous forces

Fx » Fy inertia forces
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the internal fluid and the pipe interaction force
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EQUATIONSOFMOTION

Theequationsoftheaxialandlateralmotions
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MAKINGDIMENSIONLESSANDDISCRETIZATION

Discretization
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LINEARANALYSIS ey
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U=1.5
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General Trends:

Thefrequencyanalysisrevealsconsistentpatternsasinternalflowvelocityincreasesfromu= 0.01 tou= 2.5:

A

o Do B Io

Bifurcationspeedreduction:  Allmodesexhibitdecreasedbifurcationspeeds,withthefirstmodeshowingthe mostsignificant

reductionof 1.39 (from 3.53 to 2.14),whilehighermodesshowsmallerreductionsof 0.55 and 0.41 forthesecondandthirdmodes ,
Flutterspeedincrease:
Thefirstmodeflutterspeedincreasesdramaticallyfromvf 1=7.28tovf 1 =10.99,representinga 51%increaseanddemonstratingthat

internalflowdelaysflutteronset.

Mode-dependentsensitivity: Lowermodesexhibitgreatersensitivitytointernalflowvariations, withthefirstmode experiencing
thelargestabsolutechangesinbothbifurcationandflutterspeeds

Stabilitymarginenhancement: Theincreasinggap betweenbifurcationandflutterspeedsathigheruvalues
indicatesenhancedpost -bucklingstabilityregions.

Inthe nextsection,thesestabilitythresholdsare obtainedusingthe nonlinearmodeltoprovide more
accuratepredictionsofthesystem  Npost -critical behavior.




NONLINEARSTABILITYANALYSIS

Toevaluatedtheresultsobtainedfromfrequencyanalysis,anonlinearstabilityanalysiswasconducted
usingthepseudo -arclengthcontinuationmethod
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General Trends:

Theresultsobtainedthroughcontinuationanalysisprovidethe foundationfor thesubsequentnonlinear
dynamicanalysis,wherethecomplexpost  -criticalbehaviors ,includinglimitcycles,quasi  -periodicmotions,
andchaoticdynamics,areinvestigatedindetail

A Ingeneral,increasinginternalflowenergycausesthe systemtodestabilize viadivergence atlower
movingspeeds, butitdelaysthedynamicflutterboundary.




NONLINEARANALYSIS
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