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Frozen wave induced by high frequency horizontal vibrations on a CO2 liquid-gas interface
near the critical point
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We used the liquid-vapor equilibrium of CO2 near its critical point (TC2T51 to 150 mK) in order to
study the stability of an interface between a gas and a liquid having close densitiesrL.rV when submitted to
high frequencyf ~3–57.5 Hz! horizontal vibrations~of amplitudea from 0.1 to 2.5 mm!. Above a given
velocity threshold (2pa f )0 we observed a ‘‘frozen wave,’’ corresponding to an interface profile of sinelike
shape which is stationary in the reference frame of the vibrated sample cell. By varying the vibration param-
eters, the surface tension, and the density difference between the two phases via the temperature, it was found
that the wavelength and the amplitude of the stationary profile are both increasing functions of the frequency
and of the amplitude of the vibration and that they are proportional to the capillary length. Our measurements
are consistent with a model of inviscid and incompressible flow averaging the effect of the vibration over a
period and leading to a Kelvin-Helmholtz-like instability mechanism due to the relative motion of the two
fluids. @S1063-651X~99!00805-3#

PACS number~s!: 47.20.2k, 64.60.2i, 64.70.Fx
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I. INTRODUCTION

Vibrations applied to mechanical systems can induce
stabilization or stabilization, depending on the characteri
features of the vibrations~frequency, amplitude, direction!.
The common effect of vertical vibrations is to modulate t
effective gravity by means of the time-dependent accele
tion applied to the system. For example, one of the m
studied destabilizing effects of vertical vibrations is the pa
metric amplification of the oscillations of a system. Wh
the hanging mass of a simple pendulum~of natural frequency
f 0) is submitted to a strong vertical~i.e., parallel to Earth’s
gravity! vibration of frequency 2f 0 , oscillations of the pen-
dulum at frequencyf 0 are amplified. In the same way, whe
a strong vertical vibration of fixed frequency is applied to
vessel containing a liquid layer, one can observe oscillati
of the free surface at one-half the frequency of the excita
@1# ~Faraday instability!. Inversely, applying high frequenc
vibrations can lead to the stabilization of unstable equi
rium states of the system. When the hanging mass of a
dulum is submitted to a vertical vibration of frequencyf
much larger than its natural frequencyf 0 , the unstable equi-
librium position of the pendulum upside down is stabiliz
when (a/ l )( f / f 0)>.2p& ~wherea is the vibration ampli-
tude andl is the pendulum length! @2#. The corresponding
hydrodynamical phenomenon is the stabilization of the f
surface under a liquid layer by means of a strong vert
vibration, leading to the suppression of the Rayleigh-Tay
instability @3#.

Horizontal ~i.e., perpendicular to Earth’s gravity! vibra-
tions can also have nontrivial effects on the stability of m
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chanical systems. When the hanging mass of the pendulu
submitted to a horizontal vibration of frequency much larg
than its natural frequency, above a given amplitude thresh
the mean position of the pendulum is no longer vertical
makes an anglef with the direction of gravity that verifies
cosf52glf2/a2 @2#. Correspondingly, a horizontal vibratio
of high frequency applied to a vessel containing two imm
cible fluids leads to the destabilization of their initially fla
interface and induces a stationary profile of sinelike shape
first briefly reported by Wolf@3#. A theoretical explanation
has been proposed by Lyubimov and Cherepanov@4#. More
recently, Gonzalez-Vinas and Salan performed similar
periments@5# without reference to these previous works.

In the present work we measured the variations of
wavelengthl and amplitudeA of the stationary profile ob-
served at the interface submitted to a horizontal vibrat
~see Fig. 1 and comments@6#! as a function of the amplitude
and frequency of the vibration. We used a two-phase sys
composed of a CO2 gas-liquid equilibrium near its critica

FIG. 1. Geometry of the model. Note that the thicknesses of
two fluid layers are considered as equal toH/2 in the model while
they depend on the volume fractionx in the cells and on their
orientation with respect to gravity~see Fig. 2! @6#.
5440 ©1999 The American Physical Society
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PRE 59 5441FROZEN WAVE INDUCED BY HIGH FREQUENCY . . .
point. It is very useful because the surface tension and
density difference between the liquid and the gas vanis
the critical point and can be continuously adjusted by tun
the temperature. This two-phase system has another ad
tage: in an ordinary two-phase system composed of two
ids of close densities but of ordinaryfinite surface tensi
the capillary length is often larger than the vessel~so that the
dynamics of the interface is driven only by the surface t
sion!. On the contrary, when approaching the critical point
a pure fluid, the capillary length vanishes and can be adju
to be much smaller than the vessel size.

In Sec. II of this paper we present the experimental se
In Sec. III we present the measurements of the wavelengt
the stationary profile and compare them to the measurem
of Ref. @5#. In Sec. IV we compare some of our data to
model of instability presented in Ref.@4#. Finally, in Sec. V
we discuss some experimental limitations.

II. EXPERIMENTAL SETUP

The experimental setup is composed of a thermostat c
taining a cell with three sample fluid volumes, which is v
brated by a shaker~see Fig. 2!. The thermostat has a tem
perature accuracy of 1 mK close to the critical temperat
Tc with an operating range of (Tc , Tc– 150 mK.) The shaker
can apply vibrations of amplitudea and frequencyf among
a50.1, 0.3, 1, and 2.5 mm andf 51, 3, 10, 30, and 57.5 Hz
~a and f can be varied independently!. The discretization of
the vibrational parameters reflects a compromise between
technical choice concerning the shaker, the needed high l
of performances of the thermostat, and the total vibra
mass. It is noteworthy that the shaker produces vibratio
energy in the vibration direction and with a smaller amou
approximately 10 times less, in the plane perpendicula
the vibration direction. S-VHS video recording and ima
digitization are used to determine the characteristics of
interface. The cylindrical fluid volumes~of diameterD equal
to 10.8 mm and of thicknesseF equal to 10.8 mm! are ma-
chined in a copper alloy cell and closed by two parallel s
phire windows~of thicknessew equal to 9 mm!. A photodi-
ode continuously illuminates the interfaces by lig
transmission through the cell for vibration frequenc
smaller than 30 Hz. For higher vibration frequencies the c
is illuminated by a stroboscope with a flash duration of 1 m

FIG. 2. Experimental setup. The top views of the interfaces
obtained when the gravity is parallel to the axis of the cells@case
~I!#; the profile views of the interfaces are obtained when
gravity is perpendicular to the axes of the cells@case~II !#. Only one
of the three sample fluid volumes is represented.
e
at
g
an-
-
,

-
f
ed

p.
of
nts

n-

e

he
el
d
al
t,
to

e

-

ll
.

A stroboscopic frequency of 14 Hz~respectively 28 Hz! at a
vibration frequency of 30 Hz~respectively 57.5 Hz! is cho-
sen so that different phases of the vibration could be inv
tigated at such accelerations. This frequency shift allows
to check whether the observed interface profiles are stat
ary in the reference frame of the cell.

The critical point of CO2 is defined by the critical tem-
perature Tc5304.13 K, the critical density rC
5468 kg m23, and the critical pressurePc57.37 MPa. The
experimental study was performed near the critical point
characterized by the normalized density of each fluid sam
and the normalized temperature distance:

0<dr* 5
^r&2rc

rc
<0.05, ~1!

431026<t5
Tc2T

Tc
<5.1024, ~2!

where^r& is the mean density of the fluid sample.
Three experimental fluid samples filled at different me

densitieŝ r& were used~Table I!. The coexistence tempera
ture Tcoex and the volume ratiox(T) were experimentally
determined for each sample at various temperatures. The
ume ratiox(T) is defined for each sample as the ratio of t
gas volume to the total volume of the cell. From the me
surements ofTcoex2T and x we determined the normalize
densitydr* of each sample. For this we took into accou
the mass conservation law along the coexistence curve:

Dr* 5
dr*

122x
, ~3!

whereDr* is the normalized density difference between t
liquid phase and the vapor phase:

Dr* 5
rL2rV

2rC
. ~4!

Dr* is calculated using the asymptotic scaling law~see be-
low!. For Tc2T<150 mK, Dr* <0.135@7#.

III. EXPERIMENTAL RESULTS

A stationary profile of sinelike shape in the referen
frame of the cell was observed only for the following pairs
parameters (a, f )5(2.5 mm, 30 Hz),~1 mm, 30 Hz!, ~0.3
mm, 57.5 Hz!, ~1 mm, 57.5 Hz!, and~2.5 mm, 57.5 Hz!. In
Fig. 3 are shown snapshots of a typical profile@Fig. 3~a!# and
a typical top view@Fig. 3~b!# of the interfaces observed in th

e

e

TABLE I. Normalized density differences and temperature d
ferencesTcoex2TC of the three fluid samples, whose evolution
the volume ratiox(T) is roughly indicated.

Position on pictures of
the fluid samples right left middle

dr* 5(^r&-rc)/rc 0 (61023) 0.05 0.028
TC2Tcoex ~mK! 0 7.1 1.3

volume ratiox(T) constant50.5 variable variable
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5442 PRE 59R. WUNENBURGERet al.
three fluid samples here for a vibration at (a, f )
5(1 mm, 57.5 Hz), at two fixed temperatures common
the cell. The variations of the wavelengthl ~as defined in
Fig. 1! measured at different pairs of parameters~a,f! as a
function of the distance to the critical pointTc2T are dis-
played in Fig. 4. These variations are due to the evolution
the surface tension and of the density difference betw
both phases whenT varies. It is noteworthy thatl is an

FIG. 3. Views of the three fluid samples at two different c
temperatures.~a! Profile view of the gas-liquid interfaces submitte
to a vibration of frequencyf 557.5 Hz and amplitudea51 mm.
The left-hand cell is at 34 mK from the critical temperature, the c
in the middle at 13 mK, the right-hand cell at 18 mK. The interfa
is illuminated by using a stroboscopic flash of duration 1 ms. T
shape of the interface is stationary in the reference frame of
vibrated sample cell.~b! Top view of the gas-liquid interfaces sub
mitted to a vibration of frequencyf 557.5 Hz and amplitudea
51 mm. The left-hand cell is at 78 mK from the critical temper
ture, the cell in the middle at 57 mK, the right-hand cell at 62 m

FIG. 4. Variations of the wavelengthl ~mm! of the stationary
profile as a function of the distance to the critical temperatureTC

2T (mK) for various pairs of vibration parameters~f,a!: f
557.5 Hz, a52.5 mm ~j!; f 530 Hz, a52.5 mm ~s!; f
557.5 Hz, a51 mm ~m!; f 557.5 Hz, a50.3 mm ~n!; f 530 Hz,
a51 mm ~h!.
o
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increasing function of bothf anda.
Gonzalez-Vinas and Salan@5# studied the behavior of a

similar two-phase system submitted to the same kind of
brations~frequency from 5 to 120 Hz and amplitude from
to 2 mm! but at larger distance from the critical point (Tc
2T512 K, Dr* 50.62!. They observed standing or propa
gating waves at the interface above a given value of
velocity av. Their experimental data show that~i! the wave-
length of the wave detected at the instability onset wa
decreasing function off and ~ii ! for f .28 Hz the amplitude
of the vibration needed to reach the instability onset was
increasing function off. The discretization of the frequenc
and of the amplitude of the vibration produced by our sha
did not allow us to detect the onset; nevertheless, we fo
above the onset an opposite dependence ofl with respect to
f. In order to explain this discrepancy between our data
those of Ref.@5#, we emphasize the fact that we observed
stationary profile at the interface in the reference frame of
sample cell, whereas the authors of Ref.@5# observed a
standing or a propagating wave in the reference frame of
laboratory, i.e., a time-dependent shape. This probably in
cates that we did not observe the same phenomenon h
Moreover, Gonzalez-Vinas and Salan explained the fact
l at the onset decreases whenf increases by the assumptio
that the walls of the vessel act as wave makers. Whenf is
increased, wave maxima are produced at shorter time in
vals, and consequently the distance between two max
decreases due to the wave propagation. Note that this me
nism does not explain the strong dependence ofl on the
vibration amplitude and that the walls can have such an
fect only on propagating waves and not on a stationary p
file.

IV. COMPARISON WITH A MODEL
OF INSTABILITY

A. Presentation of the model

A theoretical explanation of the appearance of a station
profile of sinelike shape at the interface has been sugge
in Ref. @3# and refined in Ref.@4#. The treatment of the
effects of a high frequency vibration on a mechanical syst
which is used in the model of Ref.@4# was first proposed by
Kapitsa@2#. It describes well, for example, the effects of hig
frequency vibrations on a pendulum. The model of Ref.@4#
is based on an instability mechanism of the Kelvi
Helmholtz type which is due to the relative motion of tw
fluids induced by the vibration. Under the assumption o
high vibration frequency, the fast motion~at the typical ve-
locity av) and the slow motion of the fluid layers~defined as
their motion in the reference frame of the vibrated cell! are
decoupled and it makes sense to consider only the ave
over one period of the effects of the vibration on the slo
motion of the fluid layers. Since this average is not equa
zero because of the nonlinear dynamics of the fluid layer
constitutes the motor of the interface instability. In order
compare our data to the predictions of the model of Ref.@4#,
we present it in more detail.

Two immiscible fluids of different densities~the fluid of
the top layer is of densityr1 , the fluid of the bottom layer is
of densityr2.r1 , and for the present experiment index
will refer to the vapor phase whereas index 2 will refer to t
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liquid phase! are supposed to be contained in a vesse
rectangular shape and of heightH ~H is the dimension along
the gravity direction!. The vessel is vibrated horizontall
~Fig. 1!, so thatx(t)5acos(vt), wherex is the coordinate of
any point of the cell. Fluid layers are of equal thickness. T
model predicts that at a high enough frequencyf 5v/2p and
at a large enough amplitudea ~these conditions will be speci
fied later! a sinelike profile appears at the interface~‘‘frozen
wave’’!. This profile is stationary in the reference frame
the vessel.

The hydrodynamical modeling assumes that the flow
irrotational and incompressible. When the vibration fr
quency verifiesv@n1 /l2.n2 /l2, where n i ( i 51,2) are
the kinematic viscosities of the two fluids, and when t
vibration amplitude verifiesa!l, the slow motion of the
interface is decoupled from its fast motion. The onset
instability is then determined by performing a linear stabil
analysis. Letl C be the capillary length:

1C5S s

g~r22r1! D
1/2

, ~5!

wheres is the interfacial tension andg is the gravity. With
l052p l C , a perturbation of wavelengthl becomes unstable
if

~av!2> 1
2 ~av!0

2S l

l0
1

l0

l D tanhS pH

l D , ~6!

where

~av!0
25

~r21r1!3

r1r2~r22r1! S sg

r22r1
D 1/2

~7!

is the threshold velocity which allows the instability onset
be reached. At the onset, i.e., whenav5(av)0 , the wave-
length of the stationary profile is equal tol0 .

The instability condition given by Eq.~6! is very similar
to the one obtained from a linear stability analysis of t
classical Kelvin-Helmholtz instability. Equation~7! predicts
that the threshold velocity diverges when the density ra
r2 /r1 is large, leading to a more stable interface. Accord
to this model, this instability should not be observed at
free surface of a container filled with water and shaken h
zontally.

Since the bifurcation is supercritical, a nonlinear analy
of the instability near the onset has been performed@4#. The
amplitudeA of the stationary profile@under the assumption
that l,H, i.e., tanh(pH/l).1# has the following expres
sion:

A5l0

2~r11r2!2

pr1r2F211S r1

r2
D 2

142S r1

r2
D211G1/2D~av!* ,

~8!

where

D~av!* 5
A~av!22~av!0

2

~av!0
~9!

is the normalized distance to the velocity threshold.
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Since no prediction on the evolution ofl above the onse
is proposed in Ref.@4#, we will ~i! compare our measure
ments of the stationary profile amplitude to Eq.~8! and ~ii !
check whether our measurements of both the wavelengt
the stationary profile andD(av)* are consistent with the
prediction.

Both l0 and (av)0 depend on the thermodynamic pro
erties of the two-phase system. Considering the small
tances to the critical point at which the experiment is p
formed, we assume thatDr* and s both depend on the
temperature according to the asymptotic scaling laws p
dicted from the critical phenomena theory@7,8#:

Dr* .Btb, ~10!

s.s0t2n, ~11!

whereb50.325 andn50.63 are the universal critical expo
nents;B51.6 ands057 1022 N m21 are the respective val
ues of the leading amplitudes for CO2 @7,8#.

In the vicinity of the critical point,l0 and (av)0 take the
exact form

l052pS s

2grCDr* D 1/2

5
2p

A2B
A s0

grC
t~2n2b!/2, ~12!

~av!05S 2

Dr* D 3/4S gs

rC
D 1/4 1

A12~Dr* !2

5S 2

BD 3/4S gs0

rC
D 1/4 t~2n23b!/4

A12B2t2b
. ~13!

Sincet,4.831024!1 in our experiment,Dr* ,0.13!1, it
is meaningful to developA to the first order inDr* :

A5l0S 64

20p2D 1/2

D~av!* @11Dr* 1O~Dr* 2!#. ~14!

Asymptotically close to the critical pointl0 scales ast0.4675

whereas (av)0 scales ast0.071. In our experimental tempera
ture range,l0 remains of the order of 0.1 mm and (av)0
remains of the order of 100 mm s21.

Let us now check if the assumptions of the model relat
to the flow are verified in our experiment. First, the speed
sound vanishes at the critical point. However, its depende
on t is weak, such that it remains approximately constan
the experimental temperature range. Its value~roughly 100
m s21! is such that the corresponding acoustic wavelengt
very large compared to the cell diameterD. The flow is
therefore incompressible. Second, the assumption that
flow is irrotational is valid with viscous fluids if the thick
nessd i ( i 51,2) of the viscous boundary layers existing o
each side of the interface is small compared to the interf
deformation, i.e.,d i!l ( i 51,2). For a time-periodic flow of
frequencyf, d i scales asAn i /(2 f ). Although the viscosity
differs from one phase to another and depends on the t
perature, it is roughly equal in both phases and can be c
sidered as constant in our experimental temperature ra
i.e., n1'n2'1027 m2 s21 @9#. For f 530 or 57.5 Hz,d i ( i
51,2) is of the order of 0.04 mm. Considering the range
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5444 PRE 59R. WUNENBURGERet al.
wavelengths~0.25–1.5 mm! measured in this experimen
d i,l ( i 51,2). Therefore, the flow can be roughly consi
ered as a potential flow, but deviations to the predictions
be expected, particularly at short wavelengths. It is also n
worthy that the conditions of decoupling of the slow and t
fast motion are only partially verified. Indeed, although t
vibration frequency is large enough (d i,l, i 51,2), the vi-
bration amplitude remains large, i.e., of the same orde
magnitude as the interface wavelength (a'l). The instabil-
ity can occur then outside of the domain of existence p
dicted in Ref.@4#, but again some discrepancies between
experimental data and the theory are to be expected. M
over, due to the temperature range scanned during the ex
ment and to the small height of the sample cells, no den
stratification occurred, so one can consider each phas
homogeneous in density~noticeable stratification is currentl
observed forTC2T'1 mK). Finally, we checked that in
each geometry of the experiment the simplificati
tanh(pH/l).1 is valid @6#. In conclusion, most of the as
sumptions of the model are verified in our experiment.

Note that the density ratior2 /r154.09 in the experimen
reported in Ref.@5#, whereasrL /rV<1.31 in our experi-
ment. Equation~8! predicts that the stationary profile cann
appear ifr2 /r1.3.53. If the model of Ref.@4# is relevant,
the interface instability should not have been observed by
authors of Ref.@5#.

B. Wavelength measurements analysis

In order to take the variations of the surface tension a
of the density into account, we normalize the wavelength
the stationary profile to the capillary length. The variation
the reduced wavelengthDl* 5(l2l0) /l0 of the stationary
profile as a function of the normalized distance to the vel
ity thresholdD(av)* is displayed in Fig. 5. Measuremen
were performed at various vibration parameters~a,f! and at

FIG. 5. Variations ~in logarithmic scales! of Dl* 5(l
2l0) /l0 as a function ofD(av)* 5A(av)22(av)0

2/(av)0 . l
is the wavelength of the stationary profile observed at various t
peratures and at various pairs of vibration parameters~f,a!: f
557.5 Hz, a52.5 mm ~j!; f 530 Hz, a52.5 mm ~s!; f
557.5 Hz, a51 mm ~m!; f 557.5 Hz, a50.3 mm ~n!; f 530 Hz,
a51 mm ~h!. l0 is the predicted wavelength at the instabili
onset as defined by Eq.~5!, D(av)* is the normalized distance t
the instability onset defined by Eq.~9!, and (av)0 is the velocity
threshold defined by Eq.~7!.
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various temperatures. This representation of the wavelen
measurements allows all the experimental data to be put
single master curve within the experimental uncertain
Note thatDl* seems to be proportional toD(av)* . At the
present time we have no explanation for this linear dep
dence. Following the model presented above, and accor
to the instability condition given by Eq.~6!, when av
.(av)0 many discrete wavelengths are destabilized and
teract nonlinearly. Below the onsets of secondary instab
ties, the resulting wavelength of the stationary profile can
very different from the most unstable wavelength at the
set.

C. Amplitude measurements analysis

From Eq. ~14! we defined the normalized amplitude a
A* 5A/„l0(11Dr* )… so thatA* depends only onD(av)*
up to the second order inDr* . The variation ofA* as a
function of D(av)* is displayed in Fig. 6. Measuremen
were performed at various temperatures and at various p
of the vibration parameters~a,f!. The solid line is the pre-
dicted amplitudeA* of the stationary profile obtained from
Eq. ~14!. Note that the discrepancy between the measu
and the predicted values ofA* increases withD(av)* . This
is presumably due to the fact that the use of Eq.~14! is valid
only close to the onset, whereas many measurements
been performed far from the onset. It is important to no
that no stationary profile has been detected for values ofav
smaller than (av)0 . These measurements are therefore c
sistent with the model of a supercritical transition and w
the predicted threshold,D(av)* being the relevant driving
parameter of the instability.

V. EXPERIMENTAL LIMITATIONS

The scatter of the data has mainly three different cau
The first cause is related to the nonlinear dynamics of

-

FIG. 6. Variations ~in logarithmic scales! of A* 5A/„l0(1
1Dr* )… as a function ofD(av)* . A is the amplitude of the sta
tionary profile observed at various temperatures and at various p
of vibration parameters~f,a!: f 557.5 Hz, a52.5 mm ~j!; f
530 Hz, a52.5 mm~s!; f 557.5 Hz,a51 mm ~m!; f 530 Hz, a
51 mm ~h!. l052p l 0 is the predicted wavelength at the inst
bility onset as defined from Eq.~5!. The line corresponds to the
prediction of Eq.~14!. D(av)* is the normalized distance to th
instability onset defined by Eq.~9!.
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PRE 59 5445FROZEN WAVE INDUCED BY HIGH FREQUENCY . . .
interface and to the finite size of the samples. The interf
instability has been detected either by observation paralle
the interface~profiles! or by observations perpendicular
the interface~top views!, depending on the orientation of th
axis of the cylindrical sample with respect to gravity. In t
case of measurements obtained from profiles, the finite
of the rectangular interface compared tol leads to non-
negligible discretization of the excitable wavelengths. Co
cerning the wavelength measurements obtained from
views, one has to take into account not only the discret
tion but also the boundary effects due to the circular shap
the interface, which can modify the wavelength of the p
tern and lead to the nucleation of defects. Finally, far fro
the onset, the nonlinear wavelength selection depe
strongly on the path to attain the final vibrational condition
and hysteresis phenomena may occur.

Another cause of the scatter of the data are the visc
effects. A strong dissipation can occur in the viscous bou
ary layers located along the windows when strong vibrat
is applied, inducing optical defocusing. The viscous dissi
tion occurs also along the interface, inducing local tempe
ture gradients and local variations of the density differen
and of the interfacial tension. The viscous dissipation co
also slightly modify the value of the wavelength at the on
very close toTC in an analogous way with the effect of th
viscosity on the pattern at the onset of the Faraday instab
@10#.

Another possible cause of the scatter of the data is rel
to the experimental limitations due to the apparatus its
Because of the large accelerations generated by the sh
~up to 40 g! with the camera fixed in the laboratory fram
the image resolution is somewhat speed-dependent. Whi
a static state the image resolution is 60mm, it could reduce
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to 0.5 mm when the vessel is vibrated atf 557.5 Hz, a
52.5 mm.

In addition, we recall the current limitation of critica
point experiments linked to the accuracy of the temperat
regulation, which lead to a large relative uncertaintyDt/t at
small reduced temperaturet.

VI. CONCLUSION

The effect of horizontal vibrations on the stability of
fluid interface has, surprisingly, not been much studied y
and the experimental results presented in this paper hav
be considered as a first step in the comprehension of
kind of instability. The model of instability of Ref.@4# is in
fair agreement with our data. Further measurements at
above the instability onset would allow the complete dep
dence of the wavelength of the stationary profile to be de
mined with respect to the characteristic features of the vib
tion. They would also help the role of the density differen
in the dynamical coupling of both phases to be clarified. T
use of a near-critical two-phase fluid where the capilla
length vanishes at the critical point would help the influen
of the viscosity on mechanical instabilities to be understo
as performed for the Faraday instability in Ref.@10#.
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