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H On trapped acoustic modes in a cavity-pipe system

K4 (Frg) : 7o y=b Ihx0 (WERFETER) . P Bl RACRZFAAR A ERT)

W% . Trapped (or trapping) modes in the theory of surface water waves were discovered around 1951 by
Ursell [1]. Initially it was thought to be peculiar to water waves, and that there are no trapped in the theory of
sound. But in 1991 Ursell himself found that trapped acoustic modes can exist in a cylindrical waveguide
(infinite pipe) with an inhomogeneity in the form of a small hard ball, as sketched in Fig. 1 [2]. These trapped
modes are all non-axisymmetric, and their frequencies are just below the cut-off frequency for the homogeneous
waveguide. An analytical existence proof in given in Ursell [2].
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Fig. 1.

Recently Hein and Koch [3] investigated numerically a large number of cylindrical pipe- and tunnel-like

A hard ball in an infinite pipe

waveguides. Among these systems was a waveguide with a cylindrical expansion chamber. This is of special
interest in relation to the cavity-tailpipe system with flow, shown in Fig. 2, which we currently are investigating.
If localized acoustic modes exist in the expansion chamber area then one may expect that the self-sustained flow
oscillations there may excite these acoustic modes, and interact with them.

Self-sustamed flow oscillations

Pipe acoustic modes (standing waves)

— - T

&) ) &)

LI )

Tailpipe

-

Acoustic feedback
(from the tailpipe)

Fig. 2.
In the present work we consider an analytical investigation the basic system shown in Fig. 3 (which Hein and
Koch investigated numerically). Let the radius of the pipe be ro and that of expansion chamber ri.We verify
analytically that the frequency of the trapped modes is between the cutoff frequencies of waveguides of radii Iy
and ri. Complete analytical results can be given for the case where I is only slightly larger than ro.
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Fig. 3.
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