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Investigation of a partitioned cavity silencer using a
woven metal screen as acoustic liner and sound
absorber
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Overview

* Demo
* Working principle
* Silencer model

- Material measurements
- 1D Model derivation

* Comparisons with FEM (transmission loss)

« Comparison with measurements (insertion loss)
* Conclusions

* Questions
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Demo...
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Overall A-weighted level
difference: 28 dB
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Working principle
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 Liner: pores which are small compared to viscothermal diffusion
layer thickness azﬁ

Pow@

- Viscothermal dissipation in the liner material
- Back cavity function is allowing
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Working principle

* Liner: woven stainless steel
- Porosity ~ 1%
- Pore size ~ 0,07 mm
— Thickness ~ 1 mm
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Silencer model
Material measurements
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Material measurements

» Impedance tube UT Sample

Y
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Material measurements

* Impedance tube

Mics

Source

Terminatic

Sample
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Material measurements

Mic. 0 Mie. 1 Mic. 2 Mic. 3 . . )
5 Anechoic termination
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Metal screen sample

po = Aexp (—ikxg) + B exp (ikxp)
p1 = Aexp (—ikxy) + Bexp (ikx) Ap = (C+D)~(A+ B)

> 1
p2 = Cexp (—ikxa) + D exp (ikx2) u=_—(A-B) \

p3 = Cexp (—ikxs) + Dexp (ikx3) o= - 1 Ap(w) i (A+B)—(C+D)
4 equations, 4 unknowns zo u(w) A-B
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Material measurements

 Real part of normalized impedance
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Material measurements

* Imaginary part of normalized impedance
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Material model

 Linear empirical fit:

(o) =14 /2

2000

* More advanced models:

- Johnson-Champoux-Allard
- Micro-perforated plates

* End result for silencer not really sensitive to variations
In zeta.
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1D Silencer model

* Assumptions

- Linear, isentropic acoustics in cavity and main passage
- Cavity transverse size is small compared to the wavelength:

- Axial propagation of waves in the main passage and back
cavity is allowed r, <« A

- The liner wall thickness is small compared to the
wavelength
* Liner effect can be modeled as a lumped impedance jump

* Velocity reacts locally to pressure difference across liner (not
locally reacting liner impedance!)
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1D Silencer model

 Continuity equation for the cavity:

IS, L g du, 1
Cg pc cPOd PoUr
e Continuity equation for the main channel:
1wS; du;
2 ——pi + SIPO e = _HPOur

B

 Cavity - inner duct communication:

Zlinerur(x) — Pi(x) _pc(x)
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1D Silencer model

 Momentum equation for the cavity:
i dpe
- a dx

 Momentum equation for main channel:
_ I dpz
B kZO dx

Uc

Uj
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1D Silencer model

e Combined:
d2 k2 _ k2 _ lHk
(@ * k?)Pc - (k? - kz)pi ¢ Scévliner
12 where
(@ +k12)pl :(kz_kiz)Pc k2 _ k2 B illk
l Si{liner

* Coupled set of ODE's for pressure in back cavity
and in main passage
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1D Silencer model

» Solution procedure:

- Ansatz for back cavity solution: .= ZOC COS(%X)

 Substitution for p_c in ODE for p_i,

 Substitution of result for p_i in terms of p_c back into ODE
for p_i

- Integrations along the length of the back cavity

 Using orthogonality relations of the cosines with different
spatial frequencies

- Tedious....
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1D Silencer model

e Solution:

- Transfer matrix relation between pressure and
velocity on one side of the liner, to the other side:

{ p } _| Tn T { 2 } - () [ - (7 - (2) (5) ()’
zou |, To1  Toe zou ), 2 - (2] - (2 () ()]
/ GI=1+§]F+Ha Jp = M2(g3_k (it + () marz2)
GoGy — G1G =1+ EH,

Ty, = 22— 178 i 24057 (£2) b
G8G7 - G5GS G3:K+_iF+Jﬂ p= +k2
e o - - ] e (5]

Tp = =k -3 £
GgGr — G5Gs " iik(k -k e2-s, )[( )" eFikl — 1]

o GiGr—GsGs T origmeey ORI FREE AT

1 GsGr — G5Gs Gy =55 ) BT Ky = k_k; o )
_ G3Gg — G4Gs 1= Kot~ 3 E e P S ok - (\/k3+le(k3—k2) /2k]2*M(k“;;k ) )
Iy = GsGr — GG = TN

Gg = —K_ei*L - Z F_Jg(-1)"
n=0
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Partitioned cavity silencer

Geometry
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Transmission loss — comparison FEM

« Vertical line: cut-on frequency

20 4= :
—— LEFTubes model
= FEM model
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Comparison of insertion loss

Iy : Mﬂﬁu\g/ﬁ

/k/v
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Insertion loss [dB]

Frequency [Hz]

acoustics | software | consultancy | engineering | education




%@ ‘ ASCEE 9/24/18

Conclusions

* Numerical model for a partitioned cavity
silencer is implemented, based on the Sullivan-
Crocker model

* Implementation is verified using a comparison
of the transmission loss with FEM results

* The model is validated using experimental
measurements
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The end
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