Numerical simulation of bandedturb ulencein plane Couetteflow

Dwight Barkley!, Laur ette S. Tuckerman?
LUniversity of Warwick, Coventry CV4 7AL United Kingdom
e-mail: barkley@maths.varwick.ac.uk- Web page:http://wwwmaths.varwick.ac.uki-barkley/

2LIMSI-CNRS, 914030rsayCede France
e-mail:laurette@limsi.fr Web page http://wwwlimsi.fr/Individu/laurette/

ABSTRACT

An analogyexists betweenTaylor-CouetteandplaneCouetteflow. Both aredriven by differentialmo-
tion of their boundariesn the azimuthal(f) or streamwis€z) direction,andcontainanothethomoge-
neougdirection(z), termedaxial or spanwisefor therespecire flows, whoseextentis usuallytakenas
infinite in theoreticalanalysesndlarge in experiments Spiralturbulence,anintriguing statein which
a region of turbulent flow spiralsarounda laminar region, was obsered in Taylor-Couetteflow by
Anderecketal. [1] andHegsethet al. [2]. By usingan experimentalapparatusvith a very narrav gap
(rous — min), Prigentetal. [3] wereableto produceaspiralturbulentstatecontainingseveralregularrep-
etitionsof the patternandto measurdhe dependencef azimuthalandaxial wavelengthon Reynolds
number They alsodiscoreredthatsucha stateexistsin planeCouetteflow aswell, whereit takesthe
form of obliquebands prientedatanangleto the streamwisalirection.

We have carriedout numericalsimulationsof planeCouetteflow usingPrism,a spectrakelementcode
written by Henderson4]. An appealingfeatureof the bandedturbulent flow is that the Reynolds
numbersat which it occursare relatvely low. The major numericalchallengeis the large size of
the domain,necessitatedby the fact that the streamwiseand spanwisewavelengthsof the turbulent
bandedpatternare extremelylarge whencomparedo the distanceAy betweenthe boundingplates.
The corventional nondimensionalizatio in plane Couetteflow usesAy = yiop — Yoot = 2 and
AU = Ul(ysop) — Ulybot) = 2. In theseunits, the streamwiseand spanwisewavelengthsof the ex-
perimentallyobsenred turbulent bandedpattern[3] are\; ~ 110 and )\, =~ 50 — 80, andthe banded
turbulentpatternexistsin the Reynoldsnumberrange340 < Re < 415.

We have carriedout simulationsn two geometriesln thefirst, the streamwisendspanwisalirections
have extentsL,, = 110 and L, = 50, andthe boundingplateshave velocitiesU = +e,. The second
geometryis “tilted” with respecto themotionof theboundingplatesboundaryconditionsU = +e| =
+(cos(p)es +sin(¢)e,) areimposedwheretheangleg = 0.4266 hasbeenchosersuchthattan(¢) =
Az/Az = 50/110. In this tilted geometry the turbulent bandsshould be orientedparallel to the
direction, permittinga very small L,, to be used,and shouldhave a wavelengthin the z direction of
Az Az /A2 + A2 = 45.51. WeuseL, = 4 andL, = 240.

We follow the experimentalprotocol of generatinga homogeneousurhulent flow at Re = 500 and
graduallylowering the Reynoldsnumber As a measureof the turbulent intensity we usethe enegy
alonga line at mid-height(z,y) = (0,0) of the flow componentperpendiculato the motion of the
boundingplatesj.e.|[U - U |[?, with U; = (U-¢))e. (In theusualgeometrythisis v* + w?.) Figure
1 shawvs atime-spacelot of the turbulentintensityduringa seriesof simulationsin thetilted geometry
during which the Reynolds numberis graduallydecreasedhrough450, 425, 400, andthen 380. We
indeedfind that a portion of the domainbecomesand remainslaminar and anotherportion remains
turbulent, althoughthewidth of theturbulentregionis smallerthanthatexpectedrom the experiments.
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Figurel: Space-timelot of turbulentintensity|[U—- U | |2 of flow perpendiculato motionof bounding
platesalongtheline (z,y) = (0,0) asthe Reynoldsnumberis decreased.
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