AN TGO ANV L9441 N"UYyuol £UVUS, vvaloavy, rulalliu

SCALING WITH FREESTREAM FLUCTUATIONS IN THE LAMIN AR-TURBULENT
TRANSITION PROCESS
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Summary It hasbeenknown for a centurynow that transitionto turbulenceis delayedwhen backgrounddisturbancesre
decreasedn boundarylayersin quiettunnelsthetransitiononsetReynoldsnumberandtheamplitudeof freestreandisturbance
arerelatedby apowerlaw, with anexponentbof —1. Recenexperimentsn pipeflowstooshav apower-law relationshipbetween
thesetwo quantitieswith the sameexponent.We investigateherethe relationshipbetweerbackgroundlisturbancemplitude
andthe critical Reynoldsnumberfor a precursorto transitiononset,namely secondandisturbancegronth in a channel.For
eachprimary mode,the Reynoldsnumberfor a given secondarygrowth rateis foundto obey a powverlaw with a frequeng
and growth-dependenéxponent. The exponentsare negative with magnitudedessthan1; the envelopeof instability hasan
exponentcloseto —1. We conludewith the surprisingobserationthatcritical Reynoldsnumberglefinedusingthedisturbance
velocitymagnitudeasscale areconstanin all thesecases.

INTRODUCTION AND MAIN CONCLUSIONS

It haslong beenknown that a decreasén the backgrounddisturbancedelaysthe onsetof turbulence. This was
shawn first by O. Reynoldsin 1905[1] when he shaved that transitionin a pipe occurredat higher Reynolds
numbersasthebackgroundoisewasreducedthe envelopeoverwhichthis holdswasextendedoy Nishiokaet al.
[2]. In boundarylayers,Schubaue& Skramstad3] andmary othersseeeg. [4] demonstratedimilar behaiour.
The sametrendholdstruefor the onsetof chaosin nonlineardynamicalsystemsaswell [5]. Here,we discusghe
responséo externaldisturbancef two eventsin theprocesof transitionto turbulence(i) the growth of secondary
waves, calculatedfor the flow througha channeland(ii) the onsetof transition,on the basisof a compilationof
availabledatain boundarylayers[6], andpipes[7].

We show a striking similarity betweerthetwo: a power-law relationshipbetweeronsetReynoldsnumberandthe
level of backgroundlisturbancewith anexponentcloseto —1, seemso be ubiquitousin the onsetof transition,
aswell asin the ernvelopeof secondarynstability. This suggestshattheonsetof secondargrowth in channelsas
well astransitionin boundarylayersandpipesoccursat a constantReynoldsnumberbasedon a magnitudeof the
relevantdisturbancevelocity.

SECONDARY DISTURBANCE GROWTH

Thesecondarynstability analysign achanneis conductedn thestandardnannei8, 9]. Theexternaldisturbance
is takento be broadband10], andtheamplitudeA,, of thedominantprimary modethusbearsadirectrelationship
to thelevel of externaldisturbanceA few typical resultsare presentedhere,andananalysisof the dependencef
the exponentson the variousparametersvill be presentedt the conference The Reynoldsnumberfor a primary
modeof wavenumberl anda given maximum(over all spanwisevavenumbersjemporalgrowth ratew; of the
subharmonienodeis plottedin figure 1 (a) againstthe primary disturbancemplitude.lt is seenthata power-law
behaiour is obeyed, but the exponentchangeswith w;. In figure1 (b), the frequeng of the primary disturbance
hasbeenkept constant. The plots of Reynolds numberversusA, (not shavn) all display a striking power-law
behaiour, for abouta decadan eachcase.The exponentshave beencollectedandareshovn hereasfunctionsof
the growth ratew;. Figure?2 givesthe minimum instability Reynoldsnumber(over all streamwiseandspanwise
wavenumbersandall secondarynodeshetweersubharmoni@ndharmonic).The primarydisturbanceisedis the
leaststablemodeat a given Reynoldsnumber The ReynoldsnumberR. = v, H/v (v, beingthe maiximumof
normalcomponenbf the primarydisturbancerelocity, H andv thechannehalf-widthsandkinematicviscosityof
thefluid) is constantit ~ 13.

TURBULENCE TRANSITION ONSET
TherelationshipbetweertransitionReynoldsnumbersandlevels of disturbancen a boundarylayerwasobtained

[6] from acompilationof availableexperimentabatato be R, = 110 + 340/¢;, whereR; is the Reynoldsnumber
of transitiononset,andg; is anequialentdisturbancen thetunnel. At low levelsof backgroundisturbanceR;
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Figure 1. (a) Minimum Reynoldsnumberat which a subharmonisecondarymodegrows at a given ratew;, the slopesfor
increasingu; are—0.75, —0.89 and—1 respeciiely. (b) Exponentslisplayedy ReynoldsVs. A, whentheprimaryfrequenyg
is constant.
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Figure 2. Minimum critical Reynolds numberover all secondarymodes,as a function of (leaststable)primary disturbance
amplitude.Theslopeis —1.03. Theverticalline shavs thelocationof linearinstability.

variesasg; '. RecentlyHof, Huel & Mullin [7] foundthatthetransitionReynoldsnumberin apipevariesaqujl,
whereg, is theratio of thefluxesof disturbancendthe basicflow.
Thiswork is supportedy the AeronauticaResearcl& DevelopmenBoard,Governmenf India.

References

[1] Kachanw, Y.S.Physicaimechanismsf laminarboundary-layetransition.Ann.Rev. Fluid Med. 26 411-482,1994.

[2] Nishioka, M., lida S. & Ichikawa, Y. 1975An experimentalinvestigationof the stability of planePoiseuilleflow. J. Fluid Med., 72,
pp.731-751.

[3] SchubauerG.B. & SkramstadH.K. 1947Laminarboundarylayeroscillationsandtransitionon aflat plate.J. Aer. Sci, 14 pp.69-78.

[4] NarasimhaR. 1985Thelaminarturbulenttransitionzonein theboundarylayer Prog. Aerosp.Sci, 22, 29-80.

[5] Crutchfield,J.P & HubermanB.A. 1980Fluctuationsandtheonsetof chaosPhys.Lett.,77A, No. 6,407-410.

[6] GovindarajanR. & NarasimhaR. 1991 Therole of residualnonturtulentdisturbancesn transitiononsetin two-dimensionaboundary
layers.J. Fluids Engg., Trans.ASME, 113 147-149.

[7] Hof, B., Juel,A. & Mullin, T. Scalingof theturbulencetransitionthreshholdn apipe.Phys.Rev. Lett. 91244502 2003.

[8] H. Schlichting,"BoundaryLayerTheory’ Springer, vol. 8thed.,2000.

[9] R. GovindarajanS. V. L'vov, |. ProcacciaandA. SameenStabilizationof hydrodynamidlows by smallviscosityvariationsPhys.Rev.
E., vol. 67,p.026310,2003.

[10] Morkovin, M.V. Recentinsightsinto instability andtransitionto turbulencein openflow systemsAIAA, 88-3675,1988.



