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ABSTRACT

This work is devotedto the experimentalstudyof the transitionto turbulenceof a flow confinedin a
narrow gapbetweena rotatinganda stationarydisk. Theexperimentaldevice, presentedin Figure1,
consistsof a water-filled cylindrical casingin which the rotatingdisk is immersed.The top lid of the
containerplaystherole of thestationarydisk. Theradiusof thestainlesssteeldisk is 140mm andits
thicknessis 13 mm. It is paintedin black to enhancevisualizationwhich is realizedwith kalliroscope
flakes.

Figure1: Experimentalsetup.

The drive shaftgoesthroughthe bottomof the tank andis connectedto a d.c. electricmotor whose
rotatingvelocitycanbevariedfrom

�����
to 200rpmwith anaccuracy betterthan

�����
	
. Thestationary

disk is a20mmthick plexiglassplate,sothattheflow canbeobservedthroughit. Thedistancebetween
therotatingdisk andthefixedoneis setto 2 mm. A CCD videocamerais placedon therotationaxis
andcanrotateif necessarywith avelocity which canbeadjustedin orderto observe thewavesin their
rotatingframe.This video camerais finally connectedto a computer, andimagescanbe capturedin
realtime.

In the caseof interesthere,as the fluid layer thicknessis of the sameorder of magnitudethan the
boundarylayer depths,the azimuthalvelocity axial gradientis nearlyconstantandthis rotatingdisk
flow tendsto be a torsionalCouetteflow (seeCroset al., 2002).As in the planeCouetteflow or the
cylindrical Couetteflow, transitionto turbulenceoccursvia theappearanceof turbulentdomainsinside
a laminarbackground.Nevertheless,weshow that,in therotatingdiskcase,thenucleationof turbulent
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Figure2: a) Defectin thespiral roll pattern.b) Space-timediagramalonga radius
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Figure3: Evolutionof thetotal numberof defectsversusReynoldsnumber.

spirals,previously called”solitary waves” in therotatingdisk flow literature,is connectedto thebirth
of structuraldefectsin a periodicunderlyingspiralroll pattern.

Figure2 presentssuchadefectandaspatio-temporaldiagramrealizedalongtheradialdirectionwhich
exhibits this defect-turbulence(Coullet et al. 1989).We then performeda statisticalstudy of these
defectsandshowed that their occurrenceobeys to a Poissonlaw neartheir threhold.We observe in
particularthat their numberincreasessimilarly to what is proposedby theoreticalstudies(Shraimanet
al.,1992).Ourresultsarealsoin agreementwith theinterpretationof thesedefectsashomoclinicorbits
of a dynamicalsystemnearbya saddle-nodecritical point (Afraimovich et al., 1995).Figure3 shows
theevolution of thetotal numberof thesedefectsasa functionof theReynoldsnumber.
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Figure4: a) Visualizationof theturbulentspirals. b) Space-timediagram(alonga circle) showingthe
turbulentspirals (in black) insidethelaminar flow(in white)



As the rotationrateis increased,the time durationseparatingtwo consecutive defectsdecreasesdra-
maticalyand the defectsare thenassociatedto strongamplitudemodulations.A similarity with the
“MAWs” of Bruschet al. (2000) is striking. In fact, thesemodulationsact asseedsfor the turbulent
spiralsvisualizedin Figure4.

Very neartheirobservationthreshold,theseturbulentstructuresthat,we believe to betheequivalentof
the turbulent spiralsof the cylindrical Couetteflow (notethat althoughtheir traditionnalappellation,
they arenotspiralsin thiscasebut ratherhelices!)haveaveryshortlife time.As therotationrateis still
increased,this lifetime increasesuntil a thresholdis reachedwherethey thenfinally form permanent
turbulent spiralsarrangednearlyperiodicallyall arounda circumference.However, sincethe number
of theseturbulent spiralsdecreaseswith the rotational frequency, the transitionto a fully turbulent
regimeis notachieved.Thustheturbulentfractionof thepatternsaturatesto avaluecloseto 0.5.Figure
5 presentsthe evolution of this turbulent fraction with the Reynoldsnumber. As it canbe seen,this
turbulentfractionpresentsapower law critical behaviour nearthresholdwith anexponent� ������� .
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Figure5: a) Evolutionof the turbulent fractionversusReynoldsnumber. b) At threshold,an exponent
� ���������������� canbedetermined.

Another exponentof the transitionhasalso beenmeasured.As presentedin Figure 6, the statistics
of the length of the laminar domainsfollows an exponentialdecreasewhich permits to define a
characteristiclength. The evolution of theselaminar domainslengthsversusthe Reynolds number
presentsa divergencewith a power law with anexponent� ������ . Therefore,althoughthetransition
is not completed,it seemsthat it sharessomefeatureswith the Space-Time Intermittency scenario
(Chat́e,1987).

Therefore,althoughit seemsthatauniversalbehavior is still lackingfor this typeof transitionto turbu-
lence,we notethatboththevaluesof � and � agreewith theonesmeasuredby Daviaudet al. (1990)
in theirRayleigh-B́enardconvectionexperiment.Moreover, thesaturationof theturbulentfractionnear�����

is reminiscentof theamazingperiodizationof turbulencediscoveredby Prigentet al. (2002)in the
planeandin thecylindrical Couetteflow.
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Figure6: a) Exponentialbehaviourof thehistogramof thelaminar lengths.b) Measureof theexponent
� ������ of thecritical behaviourof thelaminar length.
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