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Abstract. The effect of modulation of the cavity rotatioteran the interface of liquids of different
densities and high viscosity contrast is studiedeexnentally. The cavity is a short horizontal
cylinder rotating around its axis. The end wallstlué cavity form a narrow gap. Under uniform
rotation the interface has an axisymmetric shapih e modulation growth, the axisymmetric
boundary loses stability. Instability manifesteifsin the appearance of a regular quasistationary
relief at the interphase. The relief excitationagsociated with the Kelvin-Helmholtz instability.
Tangential velocity discontinuity under modulatiarses due to various interaction of liquids with
the cavity end walls because of viscosity contrd$te viscosity contrast, on the one hand, is
responsible for tangential velocity discontinuityp the other, it has a significant effect on the
threshold of Kelvin-Helmholtz instability. It redsl in decrease of stability threshold and an
increase of relief wavelength.

1. Introduction

The dynamics of heterogeneous systems in unevetdyirrg cavities is an urgent problem due to the
widespread use of problems of this type in techyoland nature. An example is the modulated rotation
(libration) of planets with a liquid core [1], whicccurs according to the la@/= 2,.,:(1 + € cos 2, t).
Heref,,; is the rotation rate of the cavitf); is the circular frequency, ards dimensionless amplitude
of librations. In [2], when studying the effect mbdulation of the rotation speed of a horizontdincler

on the sand-liquid interface, it was found thatdiins lead to the formation of a periodic azinalitielief

on the surface of a granular medium. Sandy hillheform of dunes are generated by libration-ieduc
oscillating tangential motion of a low-viscosityifi along the boundary with a granular medium. The
latter, due to adhesion to the boundary of thetgawiscillates together with the cavity, while tlosv-
viscosity liquid rotates at a constant spegeg.

The mechanism for generating a relief on the sarfafca granular medium [2] has common features
with the Kelvin-Helmholtz instability of the intexe between two liquids performing oscillating
tangential motion [3]. This instability, which mé&sts itself in the formation of a quasi-stationary
(“frozen”) relief at the interface between liquidgas discovered in [4] and, in the limiting casenviscid
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liquids, was described theoretically in [5]. It watsown that in the field of gravity, stability igtérmined
by the critical value of the vibration action, whican be characterized by the vibration parameter
B P AUE
2(1 - pZ) gAcap.
Here p =p,/p, is the relative density of liquidaU, is the amplitude of high-frequency oscillations

of the tangential velocity at the interfadg,, = 2m/a/(p; — pz)g is the capillary wavelength, awds
the coefficient of interfacial tension. Dimensicssevibration frequencies of liquids, = 2,12%,,/v, and
w, = A%, /v, are important parameters. The dimensionless \itycoentrast parametek = v, /v,
characterizes the ratio of dimensionless frequeneed hence the ratio of Stokes boundary layetiseat
interface arising in different liquids during théngential vibrations. The vibration parametesBuvritten
in such a form, [8], that in the limiting case afjin dimensionless frequencies(>> 1,w, >» 1) the
critical value of the parameter is equalRb= 1 when k* = A.4,/4 = 1[5]. It should be noted that
further experimental and theoretical studies [68]/showed that with an increase in the contrast of
viscosities, the threshold for instability of thatdrfacial boundary significantly reduces. This s
when one of the fluids performs inviscid vibratipmgile in the second fluid the viscous boundamgeta
manifests itself in full.

The purpose of this study is the experimental swfdghe dynamics of the interface of liquids with a
high viscosity contrast in an unevenly rotatingitklotted gap. The presence of closely spaced whlls
the cavity determines the qualitative differencehi$ formulation from the theoretical and expeninad
studies described above. According to the resiilseostudy, the small transverse size of the chland
the different viscous interaction of liquids withetchannel walls play a decisive role in the pnoblender
consideration.

B

2. Experimental setup and technique

The studies were carried out using the setup showviigure 1. The cavity is a short horizontal cglém
with a heightd = 5.0 mm and a radiug, = 14.0 cm. Thus, a vertical slotted gap is formed betwiben
end walls of the cylinder.

d

Q=0Q_(1+ecosQ;7)

Stepper motor

Figure 1. Experimental setup scheme: front view and side vie
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The cylindrical cavity is rotated about its axicawing to the law? = 0,,:(1 + ecos2;t) by a
stepper motor. The rotation frequency changesdndhgef,.; = 2,.:/27 = 1.5 — 4 rps , the frequency
and amplitude of the speed modulation vary in titervalsf; = 2,/2n =4 — 8 Hz ande = 0 — 0.5.
The cavity is filled with two liquids of differentlensity and viscosity, fluorinert FC-40 (kinematic
viscosityv, = 2.2 cSt, densityp; = 1.855 g/cn?) and castor oily, = 6.9 St, p, = 0.960 g/cnT) are
used. The interfacial tension coefficient for aggipair of liquids isr = 3.0 mN/m. At uniform rotation,
the interphase boundary under the action of cewg@if force has an axisymmetric circular shape. A
viscous oil with a lower density is located near #xis of rotation. The radius of the unperturbeadrface
in experiments i® = 5.0 cm.

3. Experimental results

The experiments show that at a given rotation spgedhcrease in the amplitude of the speed mddulat
leads to a threshold excitation of relief in thenficof a regular system of hills. During the perittk tops
of the hills of a viscous fluid perform small swing amplitude, except for this. The hills remain
motionless in the frame of reference of the rotatavity.

In figure 2 we can see the photographs of thefaterup to the buckling threshold (fragment a) iand
the supercritical area (fragment b-d). With an éase in the velocity modulation amplitugethe relief
height h monotonically increases, and the azimuthal wavebar m (total number of hills) decreases
(figure 3). It should be noted that the relief aofiasignificant height can be observed in a limigeda of
the interface below the threshold of the criticadrease in the relief amplitude. Experiments shuat this
is connected with a slight violation of the axigirsnetry of the unperturbed interface.

\ === — Q

Figure 2. Photographs of the interface between liquidsratation frequency,.,; = 2.5 rps and a modulation
frequencyf, = 8 Hz; fragments a-d correspondete= 0.165; 0.206; 0.22; 0.30
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The study of the dynamics of the interface, depemdin the amplitude and frequency of modulation
of the velocity, as well as the frequency of ratatf.,, showed (Figure 4):

1) under the conditions of the performed experimém frequency of librations has practically no
effect on the threshold of the relief appearandédal valueg);

2) with a decrease in the rotation speed, the lilotdf the relief excitation slightly decreases;

3) a decrease in the rotation speed leads tolat stigrease in the wavelength;

4) at high values of the amplitude of the modulatid the rotation speed, destruction (emulsifiaatio
of the interface is observed (indicated by dengessin the figures), after the appearance of aristomuat
the interface, the relief wavelength practicallgses to change with(Figure 4).
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Figure 4. Relief heighth and azimuthal wave-numberversus the at different rotation rate and the

parameters of libration
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4. Results and discussion

Let us consider the mechanism of the formation 'ifazen" relief at the interface. As it followsofin the
estimates, under the conditions of the experimentopmed, in the course of oscillations of the tavi
with frequency?,, the thickness of the Stokes boundary layer thpears near the boundaries of the slot

gap in a viscous fluid = ,/2v, /0, varies in the intervad, = 0.5 — 0.75 cm. Taking into account the
fact that the thickness of the gapds= 0.5 cm, the high-viscosity silicone oil during the ational
vibrations of the cavity oscillates together witte twalls, remaining practically motionless relatigethe
cavity. At the same time, the FC-40 low-viscosityuld practically does not interact with the layer
boundaries d ~0.03 cm), which means it rotates at a constant s@egd not responding to the
modulation of the cavity rotation speed.

Thus, as a result of different interactions of kitpuwith the boundaries of the cuvette performing-n
uniform rotation, an oscillating azimuthal tangahtinotion arises at the interface between the digjui
while the amplitude of the tangential jump in vétgpcis close toAU, = 2,,.€R. Considering the
dynamics of the boundary in the frame of referesfdie rotating cavity, taking into account theiactof
mp  Re?

the centrifugal force for the vibration parametee, obtain the expressidh= TS
- cap

21y a/(p1 = P2)0%0cR.

, Wherelq,, =
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Figure 5. Dimensionless wavenumber and height of the "frozeliéf versusthe vibration paramet

As we can see in Figure 5, at a relatively higlatioh speed, the threshold for the appearance of a
relief is close to the theoretical value in theifing case of low-viscosity liquids [3]. As the ation speed
decreases, the boundary stability threshold deeseddote that a decrease(ip,; leads to a decrease in
Acap @nd, as a consequence, to a significant decreaiee idimensionless frequeney. The observed
decrease in the stability threshold of the intexfébe critical value of the parameter B) with aréase of
w, is in qualitative agreement with the experimeatad theoretical results [8] in the case of traitahal
tangential oscillations of liquids in a gravitylfie

5. Conslusion
It is found that the modulated rotation of a cawitith two immiscible liquids with a high viscosity
contrast leads to the loss of stability of the wxisetric boundary. The excitation of a quasi-stany
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relief at the interface is associated with the tlmment of the Kelvin-Helmholtz instability. The
tangential discontinuity of the velocity of liquidsises due to their different viscous interactiosith the
boundaries of unevenly rotating cavity.

The contrast of viscosities under in a narrow sbtbtgap is a generator of differential tangential
oscillations of liquids near the interface, at #aane time it affects the excitation threshold &f Kelvin-
Helmholtz instability. The latter is manifesteddndecrease of the stability threshold and an isered
the relief wavelength. This is in qualitative agremt with viscosity effect on Kelvin-Helmholtz
instability under translational tangential oscithats of liquids.
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