5T 74003

NORMAL INCIDENCE ABSORPTION COEFFICIENTS AND ACOUSTIC
IMPEDANCES OF TYPICAL SINGLE LAYER FIBROUS LINING MATERIALS

1. NOTATION
ag speed of sound in free air m/s ft/s
d thickness of fibrous material m ft
f frequency of incident sound wave Hz Hz
. fo resonant frequency of fibrous material/air gap combination Hz Hz
= (liner)
ol
5 h porosity of fibrous materiatl —(pJ/py)
©
= L, spectrum level of incident acoustic pressure at frequency  dB’ dB’
(S)
5 .
E I depth of air gap m ft
= p; incident acoustic pressure at frequehcy N/m? Ibf/ft2
(O]
3 Ry specific acoustic resistance of liner Ns/im®  Ibf s/ft
(@]
L
. R, flow resistance of fibrous material at surface velosigy Ns/imt  Ibfs/ft
&
2 R, flow resistance of fibrous material at surface velosigy Ns/m?  Ibfs/f
S
.'ED r average pore radius of fibrous material m ft
§ Vy lower reference flow velocity normal to liner surface; used to m/s ft/s
; define non-linearity factor, usually 0.2 m/s (0.656 ft/s)
&) . .
7 V, upper reference flow velocity normal to liner surface, used to m/s ft/s
define non-linearity factor, usually 5 m/s (16.4 ft/s)
Xy specific acoustic reactance of liner Nsim?  Ibfs/ft
Z, specific acoustic impedance of liner N st Ibf s/t
oy normal incidence absorption coefficient of liner
B non-linearity factor of fiborous materiaR,/R;
n dynamic viscosity of air kg/m s slug/ft s
€ velocity ratio, V,/V;
For footnote refer to end of Notation Section
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Po density of free air kg/h  slug/ft
P density of fibres of fibrous material kg/m® slug/ft®
Py density of fibrous material kg/m® slug/fté

" The reference pressure for all decibels i4.20 %@mﬁ)OOZ dyn/cr‘a or 0.42 x 166 Ibf/ftz).

NOTES

This Data Item gives a method of estimating the normal incidence absorption coefficients and acoustic
impedances of fibrous materials (e.g. fiboremetals and polyimide laminates) commonly used to line aircraft
gas turbine propulsion ducts.

The materials considered are spaced from a solid backing sheet by a honeycomb layer. The separatiol
between the fibrous material and the backing sheet determines the frequency response of the liner. The
absorption coefficients and acoustic impedances can be estimated for incident spectrum levels up to 16(
dB in the absence of air flow.

In the theory on which this Data Item is based the real and imaginary parts of the specific acoustic impedance
ratio (Ry/poay andX,/ppa, respectively) are derived in terms of the basic physical properties of the
material and of the noise environment in which itis placed. Experimental results show that only the acoustic
resistance of the material varies with increasing incident sound pressure level, and that only the acoustic
reactance of the material varies with the frequency of the incident sound pressure level. These observation
are assumed in developing the theory. The parameters required to calculate the normal incidence absorptio
coefficient of a fibrous liner are normally given by the manufacturer but if the flow resistance and porosity
are not available they may be measured using the methods set out in Reéfefidree@ormal incidence
absorption coefficient of the liner may also be calculated from measured values of the real and imaginary
parts of the acoustic impedance.

The data presented are confirmed by available test data for frequencies between 1 kHz and 6.5 kHz, for ai
gaps between 6 mm (0.25 in) and 50 mm (2 in), for fibrous material thicknesses up to 1.5 mm (0.06 in),
for porosities up to 0.8, for incident spectrum levels up to 160 dB, and for normal temperatures and
pressures. This Data Item should be used with caution outside these limits.

The calculated absorption coefficients can be expected, with a 95 per cent confidence, to be within £0.1 of
the measured values.

CALCULATION PROCEDURE

The procedures for using this Data Item are illustrated by the examples but a typical procedure for estimating
ay is as follows.

0] From Figurel read offp; .

(i)  Calculate R)/(pyag)[1—(B—1)/(e—1)] andyR,(B—1)/p3a3V,(e—1) and from Figugeread

off Ry/ppag.
(i) Calculate4R dh/pyal , and from Figuré read offfyl/a; , and hence calculdtp
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(iv) Calculatef/fy and from Figurg or using
XalPg2g = (f/fg)[cot(2mfyl/ay)] —cot(2mfl/ay) ,
estimateX,/pyag -
(V) ThenZ,/pgag = Ra/pgag + 1(XalPody) -
(vi) Read the normal incidence absorption coefficient from Figufeor large values ®?,/pya, and

XalPg2y the value ofay, may be calculated using

oy = HRa/Poag)/[((Ra/Pgap) +1)2+(XA/poao)2] :

>
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5. EXAMPLES

5.1 It is required to estimate the normal incidence absorption coefficient for a sample of fibremetal, at a
frequency of 5000 Hz, when subjected to noise levels between 120 dB and.160 dB

The relevant parameters are as follows:

ay =340 m/s, V; =0.2m/s,

d =1mm, V, =5.0m/s,

f  =5000 Hz, B =3.6,

h =0.43, n  =17.9 x 10%kg/m s,
|  =25.4mm, Po =1.23 kg/n?,

Ry =250 N s/n?, g =5/0.2=25.

r =0.02mm,

Following steps (i) and (ii) of the procedure in SecBpfor a range of values df  between 120 dB and
160 dB,p; is read from Figuteand, using the following table, valueskf/p,a,, are read from Figure
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