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ABSTRACT

An analogyexistsbetweenTaylor-CouetteandplaneCouetteflow. Both aredrivenby differentialmo-
tion of their boundariesin theazimuthal(

�
) or streamwise( � ) direction,andcontainanotherhomoge-

neousdirection( � ), termedaxialor spanwise,for therespective flows,whoseextentis usuallytakenas
infinite in theoreticalanalysesandlargein experiments.Spiral turbulence,anintriguing statein which
a region of turbulent flow spiralsarounda laminar region, was observed in Taylor-Couetteflow by
Anderecket al. [1] andHegsethet al. [2]. By usinganexperimentalapparatuswith a very narrow gap
( ���
	���
������ ), Prigentetal. [3] wereableto produceaspiralturbulentstatecontainingseveralregularrep-
etitionsof thepatternandto measurethedependenceof azimuthalandaxial wavelengthon Reynolds
number. They alsodiscoveredthatsucha stateexists in planeCouetteflow aswell, whereit takesthe
form of obliquebands,orientedatanangleto thestreamwisedirection.

We have carriedout numericalsimulationsof planeCouetteflow usingPrism,a spectralelementcode
written by Henderson[4]. An appealingfeatureof the bandedturbulent flow is that the Reynolds
numbersat which it occursare relatively low. The major numericalchallengeis the large size of
the domain,necessitatedby the fact that the streamwiseand spanwisewavelengthsof the turbulent
bandedpatternareextremelylarge whencomparedto the distance��� betweenthe boundingplates.
The conventional nondimensionalization in planeCouetteflow uses ������� ���
� 
���� ��� �! and
�#"$�%"�&��'���
�)(*
+"�&���� ��� (,�$ . In theseunits, the streamwiseandspanwisewavelengthsof the ex-
perimentallyobserved turbulent bandedpattern[3] are -/.1032�254 and -76�098'4�
;:'4 , andthebanded
turbulentpatternexistsin theReynoldsnumberrange<>=?4�@BADCE@B=F2�8 .
Wehave carriedout simulationsin two geometries.In thefirst, thestreamwiseandspanwisedirections
have extents GH.I�$2�254 and GJ6��K8'4 , andtheboundingplateshave velocities LM��NPO). . Thesecond
geometryis “tilted” with respectto themotionof theboundingplates:boundaryconditionsLQ��NPOSRJT
NU&WVYX?Z[&]\^(_O).a`#Zcbedf&]\g(_Oh6[( areimposed,wheretheangle\1�+4�i�=) �j�j hasbeenchosensuchthat kml�dn&]\^(H�
-76�o�-F.p�q8'4)oh2�254 . In this tilted geometry, the turbulent bandsshouldbe orientedparallel to the �
direction,permittinga very small G . to be used,andshouldhave a wavelengthin the � directionof
-F.)-F6�o�r - �. `s- �6 �+=)8hit8�2 . WeuseGH.u�+= and GJ6v�p >=?4 .
We follow the experimentalprotocolof generatinga homogeneousturbulent flow at ADCw�%8'4�4 and
graduallylowering the Reynoldsnumber. As a measureof the turbulent intensity, we usethe energy
alonga line at mid-height &��yx
�/(u�%&W4�xm4)( of theflow componentsperpendicularto the motion of the
boundingplates,i.e. z{z Lp
ULwR[z{z � , with LwR|T}&WLB~]OSR�(_OSR . (In theusualgeometry, this is � � `#� � .) Figure
1 shows atime-spaceplot of theturbulentintensityduringaseriesof simulationsin thetilted geometry
during which the Reynoldsnumberis graduallydecreasedthrough450,425, 400,andthen380. We
indeedfind that a portion of the domainbecomesandremainslaminar, andanotherportion remains
turbulent,althoughthewidth of theturbulentregion is smallerthanthatexpectedfrom theexperiments.



Figure1: Space-timeplot of turbulentintensity z{z L�
�LwR>z{z � of flow perpendicularto motionof bounding
platesalongtheline &��ax
�F(H�}&W4�xm4)( astheReynoldsnumberis decreased.
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