N

N

Experimental characterization of the transition region in
a rotating-disk boundary layer
Muhammad Ehtisham Siddiqui, Benoit Pier, Julian F. Scott, Alexandre
Azouzi, Roger Michelet

» To cite this version:

Muhammad Ehtisham Siddiqui, Benoit Pier, Julian F. Scott, Alexandre Azouzi, Roger Michelet.
Experimental characterization of the transition region in a rotating-disk boundary layer. Seventh
IUTAM Symposium on Laminar-Turbulent Transition, Jun 2009, Stockholm, Sweden. pp.573-576,
10.1007/978-90-481-3723-7_103 . hal-00633241

HAL Id: hal-00633241
https://hal.science/hal-00633241

Submitted on 18 Oct 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00633241
https://hal.archives-ouvertes.fr

Experimental characterization of the transition
region in a rotating-disk boundary layer

Muhammad Ehtisham SIDDIQUI, Benoit PIER, Julian SCOTT,
Alexandre AZOUZI, Roger MICHELET

Abstract A series of experiments were performed to study the tramsftom lami-
nar to turbulent flow for the boundary layer over a rotatirgkdind to compare with
theoretical results. The mean flow profile measured in thélamegion is found to
be in excellent agreement with analytical results, and padial growth of natural
disturbances matches linear theory predictions. A hog-génsor was positioned at
different spatial locations to determine the evolution afural disturbances. Spec-
tral analysis at high resolution and ensemble-averageslotity time series have
been carried out to distinguish different flow regimes.

1 Introduction

The flow due to a rotating disk has been used as the canonicfooation for
the study of 3D boundary layers [7]. It exhibits a self-sanigéxact solution [1]. The
basic-flow solution displays a constant boundary layektiessd = /v /Q, where

v is the kinematic viscosity an@ the disk rotation rate. Such boundary layers give
rise to strong instabilities leading to the formation ofssdlow vortices, as already
noticed experimentally by Gregory, Stuart and Walker [8].

Throughout this study, the axial coordinateand radial coordinat® are non-
dimensionalized by. The rotating-disk flow is known to display a sharp transitio
from laminar to turbulent regimes at a nondimensional@altradiusR ~ 510 [7, 3].
Lingwood [2] found this transition location to preciselyigoide with onset of local
absolute instability aR*® ~ 507. More recently, a fully nonlinear analysis [4] has
revealed additional aspects of primary and secondaryhilisies and has further
contributed to the understanding of the complex flow dynarpievailing near the
transition region.
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2 Experimental setup

The present rotating-disk facility consists of a glass d&0 mm in diameter, ro-
tated at constant angular veloci€y, up to 1500rpm (see fig. 1). The maximum
out-of-flatness was found to be less than 50 microns. Theldiskconstant angu-
lar velocity Q to within 0.05%. A high-precision two-axes traversing meaism

is used for hot-wire sensor positioning with radial and bapigcisions of 20um
and 2um respectively. The traversing mechanism and velocity omeasents are
controlled and recorded by a dedicated computer. A constamperature hot-wire
anemometer is used for velocity measurements.

Fig. 1 Left: experimental setup consisting of a glass disk and &etsing mechanism, right: a
close-up of the traversing mechanism for positioning theviice probe.

3 Mean-velocity profiles

Circumferential mean-velocity profiles are measured deriht radial locations.
Fig. 2 shows measurements (symbols) obtaine@ at 950 rpm, plotted together
with the laminar similarity profile (solid line). Velociteeare nondimensionalized
by R6 Q. At the lower radii,R < 470, the measured velocity profiles are found to
precisely follow the laminar profile (fig. 2a). For 490R < 530 (fig. 2b), the ve-
locity profiles are significantly different from the theadoet profile for 1< Z < 4,
and < 10% flow correction is observed, but the flow is not yet fullybwient. For
R> 550 (fig. 2c), a strong mean flow correction extends up+016, this boundary-
layer thickening is characteristic of a fully turbulent ireg.

4 Spectral analysis

Fourier spectra were calculated from the azimuthal veldiite series for different
radiiatZ =1,1.5,2,2.5,3,4 andQ = 950 rpm (fig. 3). At low radiiR < 450, flat
spectra are observed with uniform background noise leeeRE> 470 andz < 2.5,
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Fig. 2 Mean azimuthal velocity profiles at various radii, wi@h = 950 rpm. (a) Laminar flow
regime. (b) Weakly nonlinear regime, mean-flow correctionghe region 1< Z < 4. (c) Fully
turbulent regime, strong mean-flow correction extends up+016.

there is a band of amplified frequencies, with a maximum anmiéi nearw/ Q ~
30. The harmonics of the fundamental frequency start toappeR > 500, which

is an indication that nonlinearities are developing. Rer 530, the harmonic peaks
give way to fully developed spectra, characteristic of imbalent regime. Further
away from the disk surface, the weakly nonlinear regime galsged and a sudden
transition from laminar to turbulent flows occurs (fig. 3c).

Fig. 3 Fourier power spectra for time series with= 950 rpm atZ = 1,2,4 and 450< R< 600

Fig. 4 represents high-resolution power spectra @dithi Q = 0.005, obtained by
recording time series over very long time intervals. Theigidesolution spectra
display the features of fig. 3 superposed with a set of diseratrow peaks, located
at every integer multiple of the disk rotation rate. The dige part of those spectra
corresponds to components of the fluctuations that haveatine periodicity as the
disk and that are probably stationary with respect to thle slisface. These narrow
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Fig. 4 High resolution power spectra wit = 950 rpm atZ = 2: (a) forR = 500, (b) close-up,
showing discrete spectral components. (c) for R = 450, 400, 510, 520, 530, 550, 600.

frequency peaks are particularly visible at radial loaagi600< R < 550, where the
low-resolution spectra display a weakly nonlinear harrn@agime. This discrete
spectral component is not observed in the laminar boun@ger lforR < 470 and
appears to be suppressed by the turbulent regime fo650.

5 Conclusions and outlook

In the present experimental study we have distinguishef@rdifit flow regimes.
Mean azimuthal velocity measurements have been performédvare found to
follow precisely the theoretical profile in the laminar floegime. High-resolution
spectra of azimuthal velocity time series, recorded oveng duration, are found
to consist of continuous and discrete parts in which therdisgart of the spectra
is made up of narrow peaks with the same periodicity as the Wsrk in progress
consists in implementing a new control method [5, 6] to mpdlife naturally se-
lected flow dynamics.

This research is financially supported by #hgence nationale de la recherche
(ANR, project “Microsillon™).
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