The transition to turb ulenceof the torsional Couetteflow
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ABSTRACT

This work is devotedto the experimentalstudy of the transitionto turbulenceof a flow confinedin a
narrav gapbetweena rotatinganda stationarydisk. The experimentaldevice, presentedn Figurel,

consistsof a waterfilled cylindrical casingin which the rotatingdisk is immersed.Thetop lid of the
containerplaystherole of the stationarydisk. The radiusof the stainlesssteeldisk is 140 mm andits

thicknesds 13 mm. It is paintedin blackto enhancerisualizationwhich is realizedwith kalliroscope
flakes.
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Figurel: Experimentabketup.

The drive shaftgoesthroughthe bottom of the tank andis connectedo a d.c. electric motor whose
rotatingvelocity canbevariedfrom © = 0 to 200rpmwith anaccurag betterthan0.2%. Thestationary
diskis a20 mmthick plexiglassplate,sothattheflow canbeobseredthroughit. Thedistancebetween
therotatingdisk andthefixed oneis setto 2 mm. A CCD video cameras placedon therotationaxis
andcanrotateif necessaryith avelocity which canbeadjustedn orderto obsene the wavesin their

rotatingframe. This video camerais finally connectedo a computer andimagescanbe capturedn

realtime.

In the caseof interesthere,asthe fluid layer thicknessis of the sameorder of magnitudethanthe
boundarylayer depths.the azimuthalvelocity axial gradientis nearly constantandthis rotating disk
flow tendsto be a torsionalCouetteflow (seeCrosetal., 2002).As in the planeCouetteflow or the
cylindrical Couetteflow, transitionto turbulenceoccursvia the appearancef turbulentdomainsnside
alaminarbackgroundNeverthelesswe shawv that,in therotatingdisk case the nucleationof turbulent
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Figure3: Evolutionof thetotal numberof defectsrersusReynoldsnumber

spirals,previously called”solitary waves” in therotatingdisk flow literature,is connectedo the birth
of structuraldefectsn a periodicunderlyingspiralroll pattern.

Figure2 presentsucha defectanda spatio-temporatliagramrealizedalongtheradialdirectionwhich
exhibits this defect-turlilence (Coullet et al. 1989). We then performeda statisticalstudy of these
defectsand shaved that their occurrenceobeys to a Poissonlaw neartheir threhold.We obsere in
particularthattheir numberincreasesimilarly to whatis proposedy theoreticalstudies(Shraimaret
al., 1992).Ourresultsarealsoin agreemenvith theinterpretatiorof thesedefectsashomoclinicorbits
of a dynamicalsystemnearbya saddle-noderitical point (Afraimovich et al., 1995).Figure 3 shavs
the evolution of thetotal numberof thesedefectsasa function of the Reynoldsnumber
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Figure4: a) Visualizationof the turbulent spirals. b) Space-timaliagram (along a circle) showingthe
turbulentspirals (in blad) insidethelaminar flow (in white)



As the rotationrateis increasedthe time durationseparatingwo consecutie defectsdecreasesdra-
maticaly and the defectsare then associatedo strongamplitudemodulationsA similarity with the
“MAWSs"” of Bruschet al. (2000)is striking. In fact, thesemodulationsact as seedsor the turbulent

spiralsvisualizedin Figure4.

Very neartheir obsenationthresholdtheseturbulent structureghat, we believe to bethe equivalentof
the turbulent spiralsof the cylindrical Couetteflow (notethat althoughtheir traditionnalappellation,
they arenotspiralsin this casebut ratherhelices!)have avery shortlife time. As therotationrateis still
increasedthis lifetime increaseantil a thresholdis reachedvherethey thenfinally form permanent
turbulent spiralsarrangecdhearly periodicallyall arounda circumferenceHowever, sincethe number
of theseturbulent spirals decreasesvith the rotationalfrequeng, the transitionto a fully turbulent
regimeis notachieved. Thustheturbulentfractionof the patternsaturateso avaluecloseto 0.5.Figure
5 presentghe evolution of this turbulent fraction with the Reynolds number As it canbe seen this
turbulentfraction presentsa power law critical behaiour nearthresholdwith anexponentg = 0.3.
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Figure5: a) Evolutionof the turbulent fraction versusReynoldsnumberb) At threshold,an exponent
B = 0.3 £0.01 canbedetermined.

Another exponentof the transitionhasalso beenmeasuredAs presentedn Figure 6, the statistics
of the length of the laminar domainsfollows an exponential decreasewvhich permitsto define a
characteristidength. The evolution of theselaminar domainslengthsversusthe Reynolds number
presentsa divergencewith a power law with anexponenta = —%. Therefore althoughthe transition
is not completed,it seemsthatit sharessomefeatureswith the Space-ime Intermittengy scenario
(Chag, 1987).

Therefore althoughit seemghatauniversalbehaior is still lackingfor this typeof transitionto turbu-
lence,we notethatboth the valuesof « andf agreewith the onesmeasuredy Daviaud et al. (1990)
in their Rayleigh-BenardcorvectionexperimentMoreover, the saturatiorof theturbulentfractionnear
0.5 is reminiscenbf the amazingperiodizationof turbulencediscoreredby Prigentetal. (2002)in the
planeandin the cylindrical Couetteflow.



&
7 p.01f
i

52 54

48 50
Q (trs/min)

a) 0 50 100 150 200 250 300 b)
L

Figure6: a) Exponentiabehaviourof the histagram of thelaminar lengths b) Measue of theexponent
a = —3 of thecritical behaviourof the laminar length.
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