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The three-dimensional boundary layer due to a disk rotatingtherwise still fluid is known for its robust laminar—
turbulent transition occurring at a non-dimensional radty ~ 500, closely corresponding to the onset of local absolute
instability at R“* ~ 507 [6, 7]. Assuming a disk oinfinite extent, previous studies have established the globalrlinea
stability of the base boundary-layer flow [1, 2], while thenfinear behaviour can be explained by a scenario involving
both local primary and secondary absolute instabilitigs [8deed, local absolute instability is only a necessary bu
not a sufficient condition for globdinear instability [4]. In contrast, nonlinear global modes (aldephant” global
modes [9]) are triggered by a sharp front at the transitiomflocal convective to absolute instability; thus, the ttise

of local absolute instability is a necessaunyd sufficient condition for globahonlinearinstability [10]. It turns out that
the rotating-disk flow precisely falls into the categoryioflarly stable but nonlinearly unstable systems.

By considering spatially varying systemsfafite extent, a recent theoretical study [3] has shown that theemee of a
downstream boundary may have a destabilizing effect ondle btate and a stabilizing effect on the nonlinear state. By
using a simple nonlinear model, Healey [3] has shown thafribrg which appears at the onset of absolute instability
when the boundary is far from the front, moves slightly dotresm when the boundary approaches the front. For the
rotating-disk configuration, the transition radius is texpected to move to larger values when the size of the disk is
reduced. However, the theory [3] is unable to quantitagiesisess this stabilizing effect for the rotating disk sitiee
nonlinear interaction terms are difficult to quantify foistifiow.

Following these theoretical predictions, the edge effeatsotating-disk transition have been experimentally igttidby
Imayameet al.[5]. Three different edge conditions and a range of edge Bldgmumbers have been investigated, but no
obvious variation in the transition location due to the pmnaiky to the edge of the disk has been observed in that study.

In view of this negative result, the present investigatias been undertaken to study in further detail the region even
closer to the edge of the disk, as well as the flow behaviouomeéyhe disk. The aim is to further narrow down the
region where edge effects come into play and to gain furti@ght into the role played by the edge region in the global
dynamics.

EXPERIMENTAL SETUP AND PROCEDURE

The experimental facility used in the present investigatias been improved after [11] and consists of a synthetic res
disk of R} = 250 mm radius that is rotated at constant angular veldjtyp t02000 rpm. Local velocity measurements
are carried out via constant-temperature hot-wire anertrgm high-precision computer-controlled traversing inac
nism positions the hot wire parallel to disk surface andredidjin the radial direction so as to measure the aximuthal flow
component. The accessible range of radial positions is $iathmeasurements up 20 mm beyond the edge of the disk
are possible. In the vertical direction, the hot wire carchedown to9 mm below the disk surface. Due to the size of the
hot-wire probe § mm), it is safe to measure below the disk surface onlyifor> 253 mm.

Here, the boundary-layer thickness is givenby= +/v/Q), wherev is the kinematic viscosity. Since all distances
are non-dimensionalized by the non-dimensional disk-edge radiis = R}/é may be varied by adjusting the disk
rotation rate. Then, velocity measurements are autonfigtiparformed over specified ranges of non-dimensionalaiadi
and axial positionsk andZ; at each position, data are typically acquired oM#r disk revolutions. Velocities are always
non-dimensionalized by the local disk velocily:= V*/(RoS?).

RESULTS

Mean azimuthal velocity profiles are shown in figure 1 far= 400, 500, 550 and600. Symbols correspond to measure-
ments, while the solid curve indicates the von Karman shityigolution. These plots show that the azimuthal velesiti
depart from the Karman profile either when transition st@Rts> 500) or when the edge is approacheé’l & R.). Even
when the flow is expected to remain laminar up to the edge aligle(e.g.R. = 400, fig.1a), the presence of the bound-
ary is felt about 10 boundary layer units inboard. For thasmn, Imayamat al. [5] removed all data measured close
to the outer edge from their results and discussions. Whalaléy's theory [3] assumes a point-like boundary condition
and vanishing fluctuations at this point, the cross-ovemftbe boundary layer prevailing over the disk surface to the
low-velocity region beyond the disk clearly occurs in a mgradual way. We believe therefore that an investigation of
the edge effects should precisely take into account thisseower region.

The amplitude of the fluctuations around the basic flow ha# lobaracterized by/,..,.s, the root-mean-square values
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Figure 1. Mean azimuthal velocity profiles obtained with @) = 400, (b) R. = 500, (c) Re = 550, (d) R = 600. The solid curve
indicates the von Karman similarity profile and symbols espond to measurements at the specified non-dimensioneall paditions.
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Figure2. (a,b) Radial evolution o¥/,... at Z = 1 (a) andZ = 3 (b) for R. = 400, 450, 480, 500, 510, 520, 530, 540, 550, 560, 570
and600. (c) Dependence ak; on R. for different values ofZ.

of the velocity. Figure 2(a,b) shows the radial evolutiontiod fluctuating amplitude for a range &%, measured at

Z =1 (fig. 2a) andZ = 3 (fig. 2b). These plots show two distinct features. Ror< 500, the boundary layer remains
unperturbed over most of the disk surface and the RMS valgislly increase near the edge of the disk to reach a
maximum value neaR. + 5 beyond which they decay again. F&g > 500, fluctuations start to develop @& = 500 is
approached and continue to prevail for the rest of the flow.

In order to monitor more closely the influence of the edge,iteraon for the onset of finite-amplitude fluctuations is
required. Here we defin®; as the radial position where the above RMS values cross e 9&5 (thin horizontal
lines in figure 2ab). Applying this criterion to the data aicgd over a large number of experimental runs, yields the
dependence of the onset radilis on R, and Z, shown in figure 2(c). These curves could be interpretatgubaging
towards a weakly stabilizing edge effect, as predicted hyH8wever, further measurements are required before amy fir
conclusions could be drawn. A possible explanation for tla@plicability of the theory [3] could be the strong instapi

of the radial wall jet shooting over the edge of the disk: éaegnplitude fluctuations prevail fdt > R., even at lowR,,

so that the theory should probably model the downstreamdemyrcondition as a source of random noise rather than by
vanishing fluctuating amplitude.
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