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Abstract The flows are studied experimentally, which areitexl at differential rotation of a free light spical body centrifuged in
a cavity rotating around horizontal axis and filledh viscous liquid. The differential rotation éxcited by an external force field
rotating in the cavity frame (vibrational hydrodynia top [1]). At weak differential rotation the flohas the shape of the Taylor—
Proudman column of a circular cross-section. Treuoence of the column instability is found at ease of the differential rotation
speed of the sphere, when a non-axisymmetric ahmhdibw develops. The comparison is done of ttabitity thresholds of the
axisymmetric flow with the classic case, when tiphese rotation axis is fixed on the cavity rotatiaris. The instability
development thresholds are different by one orflenagnitude. The conclusion is done that in cash@ibrational hydrodynamic
top a new type of the Stewartson layer instabisitiound.

DIFFERENTIAL ROTATION

A light spherical body of the radiusis placed in a cylindrical cavity, filled with \beus incompressible liquid. The
cavity is set at rotation around a horizontal agigdficiently fast and steady, so that under thgoamf the centrifugal
force the light sphere comes from the side (cyloady wall to the axis. The cavity rotation spe@g; is always higher
than the sphere rotation spe®d This is due to the gravity action: in the cavitgme of reference the vectgrotates
opposite to the cavity rotation, inducing the clazwscillations of the sphere in the plane perpaidr to the rotation
axis. Such forced oscillations lead to the averageds force generation in the Stokes boundary laydre proximity
of the body surface. As a result, the retrograffereintial azimuthal rotation of the body relatieethe cavity is excited
[1]. The differential rotation speefl) = Q;—Q, is determined by the ratio of the gravity forcethe centrifugal force

I =g/Q’,r, which is varied in the experiment via the param&. At slow differential rotation the flow has a skap

of the Taylor—Proudman column with the circularss®ection (fig. 1a). The column is extended along the cavity
rotation axis, its transverse dimension coincidivith the sphere diameter. The cylindrical colummtaery is formed
by the Stewartson shear layer, which compensagedisicontinuity of the flow velocity azimuthal cooment.

Figure 1. Photographs of the Taylor—Proudman column in theszsection. In the centre there is the light sphe

STABILITY OF THEAXISYMMETRIC FLOW

At increase of the differential rotation speed #iear layer goes through an instability, which mnifested in the
appearance of a two-dimensional azimuthal wave agafing on the column surface [2]. It is found thetide the
column the flow is not solid-state. Simultaneousith the wave on the outer boundary, inside theimwl a system of
several vortices rotates synchronously with it.filgn1, b, the azimuthal wave numberand the number of vortices are
equal to 3. The stability of the axisymmetric flasvdetermined by two dimensionless parameters: i3oasmber
Ro= AQ/Q. and dimenionless frequenay=r’Q.4/v (v — kinematic viscosity). With the increase wfthe critical
Rossby number decreases according to the law| {Ro™-°. For comparison with the classic type of the sHager
instability, additional experiments were carried,auhere the sphere was fixed on a thin rod orchty rotation axis.



In this case the differential rotation was impobgdising two motors separately for the cavity araltiody. The results
of both experimental series are plotted on figTBe critical Rossby number dependence on the dimelrss
frequency in both cases is similar: the azimuth@eynumbem increases witln and decreases with Ro, the exponents
are approximately equal. However the thresholdhefinstability onset are different by one ordemwgnitude. The
results with the fixed sphere are in agreement thighexperiments [3,4]. The second essential diffee between two
cases is the perturbation propagation phase veldgithe experiments with the free sphere the waheese velocity is
inferior to the velocities of both cavity and spdhéin the laboratory frame). When the sphere rotasixis is fixed, the
wave velocity takes a value intermediate betweervéiocities of the sphere and the cavity.
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Figure 2. Comparison of the stability threshold of the arisgetric flow excited by the free sphere and theespliixed
on the cavity rotation axis.

Thus, it is experimentally shown that the formatminthe Stewartson shear layer is possible in cdsdifferential

rotation of a free light body excited by an extéwezillating force. However the dynamics of suahpdr is qualitatively
different from what is observed for the classicvwi&tdson layer. The crucial differences are lowefigtability of the
shear flow, change of the phase velocity of theeyaropagation, development of the vortex structinmeisle the liquid
column. This allows considering a new type of ibdiy of the Stewartson layer, manifesting itself differential

rotation of the vibrational hydrodynamic top.
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