N

N

INTERFACE WAVES ON A COMPLIANT COATING
BOUNDED BY A FLUID FLOW, AND THEIR
EXCITATION BY ACOUSTIC RESONANCE
W. Madigosky, X. Bao, M. Talmant, H. Uberall

» To cite this version:

W. Madigosky, X. Bao, M. Talmant, H. Uberall. INTERFACE WAVES ON A COMPLIANT COAT-
ING BOUNDED BY A FLUID FLOW, AND THEIR EXCITATION BY ACOUSTIC RESONANCE.
Journal de Physique Colloques, 1990, 51 (C2), pp.C2-957-C2-959. 10.1051/jphyscol:19902223 . jpa-
00230550

HAL Id: jpa-00230550
https://hal.science/jpa-00230550
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/jpa-00230550
https://hal.archives-ouvertes.fr

COLLOQUE DE PHYSIQUE
Colloque C2, supplément au n°2, Tome 51, Février 1990 C2-957

ler Congrés Frangais d'Acoustique 1990

INTERFACE WAVES ON A COMPLIANT COATING BOUNDED BY A FLUID FLOW, AND THEIR
EXCITATION BY ACOUSTIC RESONANCE
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Résumé - La stabilité des ondes que se propagent % 1'interface d'une couche souple,
attaché 3 un fond rigide et soumis & un écoulement laminar ou turbulent, a &té l'objet
de plusieurs &tudes théoriques, et d'investigations expérimentales déterminant le d&but
et 1'accroissement des ondes d'instabilité&. Nous avons obtenu des solutions de
1'équation caractéristique du probldme, fournissant des courbes de dispersion, et de
1'information sur la stabilit& des ondes d'interface; nous avons suppose que le fluide
soit compressible afin que la limite statique peut etre atteint. Nous avons montré que
1'excitation de ces ondes d'interface peut se faire d'une fagon résonnante. Usant
cette méthode, on peut déterminer expérimentalement d'une fagon précise les courbes de
dispersion, le début d'instabilit&, et les propriftés d'accroissement des ondes
d'interface.

Abstract - The stability of interface waves on a compliant coating, attached to a rigid
substrate and exposed to a laminar or turbulent fluid flow, has been the subject of
several theoretical studies, and of experimental investigations in which the onset and
growth of instability waves was determined. We have obtained solutions of the
characteristic equation of the problem, which furnish dispersion curves and stability
information for the interface waves, assuming a compressible fluid in order to attain
the correct static limit. We have shown that the excitation of these interface waves
can occur in a resonant fashion; wusing this approach, an accurate experimental
determination of the dispersion curves, of the onset of instability, and of the growth
properties of interface waves will be possible.

1 - INTRODUCTION

Waves in compliant media with boundaries subject to a fluid flow have been investigated for
various purposes. Liamshev /1/ studied acoustic reflection and transmission of a layer
bounded by a fluid flow; resonances are here caused by sound interaction with boundary waves.
Madigosky /2/ measured in vivo waves on compliant Dolphin skins, for the purpose of
understanding drag reduction effected by the suppression of interface wave instabilities. We
have carried out a study of such interface waves on layers, obtaining the dispersion curves
and-attenuations of a variety of the allowed modes, both stable and exhibiting instabilities.
The diagnostics of these waves using acoustic resonance experiments is discussed. Our theory
approaches the correct static limit as the flow velocity tends to zero, which was not the
case in several previous investigatioms.

2 - THEORY

Interface wave instabilities have first been studied by Kramer /3/ who performed experiments
trying to reduce boundary layer flow instabilities by distributed damping in a compliant
layer attached to a rigid substrate and subject to a fluid flow. His results were positive
but only marginally so. Soon thereafter, extensive theories of flow instabilities on
compliant layers subject to a fluid flow were presented by Benjamin /4/and by Landahl /5/,
and later on by Carpenter and Garrad /6/. Recent experiments on the subject are due to
Gaster /7/, and to Gad-el-Hak /8/.

An early theory of the properties of surface waves on an elastic layer with rigid backing,
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Fig. 1 - Phase velocity of interface waves on a rubber layer with rigid backing, vs. flow
velocity of bounding fluid.

bounded by an inviscid fluid flow, was given by Pierucci /9/ in 1977; later investigations
/10,11 /treated the layer as viscoelastic but considered the fluid (of flow velocity U, at
infinity) as incompressible, so that the static 1imit (Ug> 0) is no longer attainable in
these theories. We here use Pierucci's approach.

In this method, the elastic layer equations, coupled to the Navier-Stokes equations for the
fluid by the boundary conditions, lead to an eigenvalue problem for the complex surface wave
speed on the layer, while the wave number k is assumed real. More elaborate treatments
solving the Orr-Sommerfeld equation for the fluid modes in the boundary layer lead to
essentially similar results /12,13/. For the case of a rubber layer with c¢j = 1,030 m/s,
¢t = 3.65 m/s, and © = lg/cm3 bounded by water with ¢, = 1,482.5 m/s, Po =1g/cm§, Fig. 1
shows the real part of the lowest-mode surface wave phase velocity cp plotted vs. the flow
velocity U,, both normalized by cp. (A second mode, with larger ¢, nearly independent of Ug,
is shown e.g. in Fig. 4 of Ref. /11/. For increasing U,, the negative-cp lower branch
becomes positive, and the two branches merge at Ug/cT = 1.80 whereupon a ''class B" or CIFI
instability /13/ develops. The figure shows the dependence of Cp on the value of kd, d being
the layer thickness. For kd > 5 the curves have reached an asymptotic value.

3 - RESONANT EXCITATION

We have considered the resonant excitation of these interface waves by an inhomogeneous sound
wave such as given by Eq. (15b) of Ref. /14/; Pierucci's theory /9/ was extended for such a
purpose. For the case kd = 10, Fig. 2 shows the resulting normal component of the surface
wave displacement velocity plotted vs. the normalized propagation speed cp/cT of the surface
wave, at the flow velocity values (as indicated) of Uy/ct = 0, 1.7, 1.79 and 1.8; this
corresponds to the appropriate intersections of the kd = 10 curves of Fig. 1 with the
vertical. Resonant excitation takes place a these intersections; for Ug/ct = 0 only the
upper branch of the first mode is excited as well as the second mode (not shown in Fig. 1).
At 1.7 (note change in scalel} the lower branch is excited in addition; at 1.79 the two
branches are about to merge, and at 1.8 they have merged to generate the onset of
instability.

These results indicate the possibility of exploring the phase velocity and instability
structures of interface waves on compliant layers subject to a fluid flow by using incident
sound waves as an excitation agent {(and diagnostic tool), rather than mechanical shakers
employed so far /7/. This may serve as a useful approach for developing instability delay
and drag reduction methods.

REFERENCES

/1/ Liamshev, L., "On sound propagation in moving stratified medium," Proceed. 11th
International Congress on Acoustics, Paris, 1983, p. 107.

/2/ Madigosky, W. M., Lee, G. F., Haun, J., Borkat, F., and Kataoka, R., "Acoustic surface
wave measurements on live bottlenose dolphins," J. Acoust. Soc. Am. 79 (1986) 153.



C2-959

H] §

¥ uyfer = 0 i 1.70
Nl I
8 §

Ly H

' Jo Ly L

!un - 2 s a5 Y 20 148 !mn % - o a0 = m 140

cP/CT [ ing

t H

il 1.79 i 1.80
8 . 8 .

3 37

3 g

g \¥_ - 7 T l| H] \ﬁ ; r - T | T

220 a a0 KG::PICT aEs 183 128 149 [y e YTy 050 et el 180 1

Fig. 2 - Resonant excitation of interface waves at Ug/ct = 0, 1.7, 1.79 and 1.8,
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