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B H : Flow-acoustic interaction in an expansion chamber-pipe system: Analytical and numerical results

K4 (Frg) : 7> Y=h Ihxn (WERTE), $% Bl GRER)

%¥ : The present work is concerned with the generation of sound by the flow through a closed, cylindrical
expansion chamber, followed by a long 'tail pipe’, as shown in Fig. 1. The sound generation is due to self-sustained
flow oscillations in the expansion chamber which, in turn, may generate standing acoustic waves in the tail pipe. The
main interest is in understanding the interaction between these two sound sources.

Self-sustamed flow oseillations The fluid flow is represented by a discrete vortex method, as
e illustrated in Fig. 2. In connection with this, a study of
SI®]e )\\ i O various regularization approaches will be presented.

Air flow

Pipe acoustic modes (standing waves)

The acoustic part of the problem formulation is based on the
Powell-Howe theory of vortex sound. Here, an analytical,
approximate solution of the acoustic part of the problem is
Acoustic feedback obtained via the method of matched asymptotic expansions.

(from the tailpipe) Thus, analytical expressions for the acoustic pressure and the

Figure 1. Sketch of the expansion chamber  ,coystic feedback velocity field are obtained.
tail-pipe problem.

A
Tailpipe g

The presentation will focus on numerical results, with emphasis on the interaction between sound and flow, and the
possibility of lock-in of the flow field to the acoustic field.

=3 r_ | .

t=10 t=1/(8]) t=2/(8f)

E“ﬂ L_“'ﬂ L‘_’ﬁ Figure 2. Simulation of the jet

by the discrete vortex ring
t=3/(8f) t=4/(8f) t=5/(8f) method.  One  period  of
oscillation is shown. The results

m m m are for a case with pipe
' " i ' frequency fhpe = 225 Hz (in
_[:;gm_.m__..u. _lzga_..m_..u _I:H.m__..m_... mode n = 1). The dominating

hole tone frequency is likewise
fo = 225 Hz.

t=06/(5f) t="T/(8f) t=8/(%f)
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1. Introduction

The sound produced when a jet, issued from a circular nozzle or hole in a plate, goes through a second plate
with a hole of the same diameter as the jet is referred to as a hole tone. The tone becomes noise and vibration
sources in many practical situations such as solid propellant rocket motors, automobile intake-&exhaust-systems,
ventilation systems, gas distribution systems, etc. In this study, we investigate interaction of the hole tone with a
tailpipe experimentally and computationally.

2. Hole Tone System with a Tailpipe and Its Computational Model

Figure 1 shows the hole tone system with a tailpipe. The diameters of the nozzle and the end plate hole are both
do=51 mm. The length of the tailpipe L; is 330 mm. The impingement length between the nozzle and the end plate
Lim is 50 mm. The overall computational domain consists of 10 zones, and cylindrical-coordinate grids of the
O-type topology are generated in each zone.

3. Results and Discussion

Figure 2 shows the measured variation of the most dominant peak tone frequency with jet speed ug. In the figure,
the results are shown both for a pure hole tone system, i.e., without the tailpipe, and for the hole tone system with
the tailpipe. The results of all the cases collapse when ug is less than about 11 m/s. While the peak tone frequencies
then drop to lower frequencies for larger u in the case of the pure hole tone, transition to lock-in phenomena is
observed for the system with the tailpipe for larger u,. Figure 3 shows jet shear layers visualized by the
laser-smoke method as the result of analyzing time-series snapshots when uy=6, 12, 16 m/s. Vortex merging is
observed to take place during lock-in. Fig. 4 shows vortical structures between the nozzle exit and the end plate
(blue iso-surface), back flow regions near the upstream edge of the end plate hole (red iso-surface) and
pressure oscillation inside the tail pipe. From the result, connection between the vortex impingement and the
pressure oscillation inside the tail pipe is shown.

'f.u.»,.- (P LTS ¢

Variation Of Sound pressure Experi mental ViSuaI ization Of jet :,‘-I\\r:.:l;zlr:;\‘,““. FFT analyzer ..q plate
spectra with ug between the nozzle exit and the 25 7
end plate T ok
\;| exit plate .
|}'-' " S0 mm 100
-lr L 10 tailpipe
L ] A 1 et I.
2 et ug . 0
2 50 | Odlimlug O72Lpiu L UTe
M S RIS TMEEE . noesl e
go (@) up=6 m/s

] 20 0 o
Mentification of

Lim/u ' "
(b) L= 12 ms (I T é é é 2 év' ’é"

T = o ] 1 (b} Pressuse I| stribution inside the tailpipe
| | | I_ i_
= == - : H I . | |
o T T T T - B " _0 le/ Im/w ”ﬂ“ f:l';'rk‘

4 6 B 10 12 14 16 18 20 C U0—16m
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