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Goal: Model / Control Tonal Acoustics in Turbulent Flow past a Cavity

Cavity Noise e.g.
Sunroof Buffeting
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Case: Turbulent Boundary Layer flowing over a Cavity

Re599,neck = 4200
Re, . =170
M =0.1
Urer =40 m/s

599,neck =1cm

15t Direct Numerical Simulation
erid points = 1.2 x 10°
computing time = 3.6 x 10 CPU-h
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Wanted Model

To Understand Mechanisms

Reveal Governing Parameters

Easy, Low-cost Cavity Layout

Operating Point: turbulent, low Mach, acoustically compact Cavity

SPLyic(w) =T(Geometry, Ma, Re,?,?7) SPLrpr,(w)

1

Desired Transfer Function
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SPLyiic(w) [ Golliard, 2002]
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Model Components

SPLtgy,(w) T(Geometry, Ma, Re,?,7)
\ \
r \ ! \
Goody'’s Rayleigh Conductivity Lumped Acoustic Elements
Turbulent Flat Plate Flow of an aperture (no flow)
[Y. Hwang et al., 2009] [M. S. Howe, 1998] [J. Golliard, 2002]
Source
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Goody’s Model of a Turbulent Flat Plate Flow
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Golliard’s 1D Lumped Element Method

Elements:

Restrictions: no flow, linear
infinite flange
shear layer

PMIC (w) — t(w7 Zrad/howe/jump/pipe) PTBL (w) area jump

Z="L2(r +iko)

g pipe

T~ =sin®(kHpipe) (A§ + A2)
A5 — COt(kaz'pe) - Sratio(éjump + 5howe + 67“ad) effective helght

A, = Sratio(rhowe =+ Trad) energy transfer
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Howe’s Opening Impedance

pc

Zhowe — (Thowe + 17 k 5howe)
Sneck:
DNS |V x u| = 3000 Hz Infinite Thin Vortex Sheet with
Kelvin-Helmholtz Waves: e'=%
—> Zhowe(azt)
U+
t— wWhpeae 1247
(03 p—
— T 2wy 140 =

U -1 unknown
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General Convection Velocity Definition

Ue (Y, w) = w/kmaz (Y, w)

Ok,

0 =—— SPL(ky, y,w)

:c:kma:z

k, [1/mm]
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DNS k,-w-Spectrum at the Wall SPL [dB]

100

80

60

40

20



Constant Height of the Inflection Points

Velocity Profiles u(x,y)
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Constant Height of the Inflection Points

Velocity Profiles u(x,y Velocity Profiles u
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New u_ Definition
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New u_ Definition
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Experimental Verification of Zp, e ()
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Experimental Verification of Zp, e ()
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Model, DNS and Experiment
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Model,

DNS and Experiment
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Model, DNS and Experiment
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Experiment
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Summary

* 15t DNS of a Helmholtz Resonator with turbulence.

* Helmholtz Resonator Model developed

for typical range of operation.

* New definition of the convection velocity proposed,

independent of empirical fits.
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Thank You
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