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[Circular duct silencers using
duct walls with micro-slits]
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Outline

General theory of sound propagation in
lined circular and annular ducts

Special case using linings of plates with
micro-slits.

Measurement method

Results — measurement and prediction
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Lined duct, i.e. without pod

Particle velocity (radial component)
| 4
v, (r,0,%) =2 cos(md) I, (&) e
kOZO

The impedance at r = h must match
the impedance Z of the duct wall. For m = O:

J (g,h .k h )
goho' 1(‘90 o) :_J' 0" "o giving = (‘90 ?0) _koz
JO(gOho) Zn ho
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Now for the duct walls with micro-slits

N N O O O Air-filled cavity
—

Z =land TI' =]k,

Micro-slit plate
— / ——|Z'+jpo(24d,) |

where (with a simplified model):

tan(A /4/]
Z’:jpocodp(l— an(4, \/E)j where /IS— a),oo

ﬂ’s/\/j
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An interesting case?

200 mm

Duct wall
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An interesting case?

In this case we need to combine the impedance
of the duct wall

7 = Zlg | Z'+p,0(2Ad,) |

with the air around deduced from the radiation
impedance of a vibrating cylinder. Assuming
zero mode, we get

L (Zaad o) = Y, ()

" Z, J, (koh) = 3Y, (kD) ® NTNU
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Transmission loss (dB)
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An interesting case?
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How is this measurements done?

I Load no. 1
i .
S Ref. mic. g S

4 O
oA~

Load no. 2

oA
oA s

Two different two-load methods used:
1. Y. Salissou and R.Panneton, J. Acoust.Soc.Am. 125 (2009)
2. ASTM E 2611-09
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Transmission loss (dB)
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Testing set-up
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Annular duct (2)

This ends up solving the equation
az’ [JI(Z)Yl(aZ)_Jl(az)Yl(Z)]
_onaZ[Jo(Z)Y1(aZ)_Jl(aZ)Yo(Z)]
+jUz[1,(2) Yy(az)~ T, (a2) Y,(2)]
+U U, [Jo(z)Yo(az)—Jo(az)YO(z)]:O z=¢&-h, and a=£

0

and where the U’s contain the impedances

U, = Koh, and U, = Koh
VA Z.
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Measurements — The influence of
chambers
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Measurements — Including a hard pod of
diameter 10 cm. Two different plates.

Transmission loss (dB)
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A special case: silencer with a soft outer
duct wall
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Plastic sheet back wall
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Some conclusions

0  Silencers with linings of micro-slitted plates
may be adjusted to cover a relatively broad
frequency band

0 Low frequency attenuation is substantially
increased using a soft outer wall or no
outer wall

O The pressure loss of such silencers is
negligible compared with conventional
silencers, however not shown here.
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Thank you for your attention!
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