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Summarg

Inprovements in the acoustic waveguide have been made which enable
accurate meagurement of impedance as a function of angle of incidence.
Predicted impedances of a mineral wool absorbent are compared with
the waveguide measurements.

1Introduction

The variable sectioned waveguide has been briefly described in mn
earlier publication' A section through the guide is shown in fig.l.
The first cross mode is excited by energy entsring the guide at
orifices AA' . This mode im equivalent to a plane wave of wavelengt
travelling down the guide and striking the sample B at an angle
given by sin® = X/Eb. In order to change the angle of incidence
at a given fregquency the wall separation, b must be changed. A new
sample is used for each. angle of incidenmce, great care being taken
to ensure that each sample has the same physical constitution.

The incident and reflected modes form a pseudo-standing mode which
is detected by the two probes”CC' running along the guide walls
which are each coupled to a miorophone, By performing a vectorial
subtraction of the itwo miecrophone outputs it is possible to elimin-
ate the effect of unwanted plane waves in the guide. The precision
difference amplifier which performs the subtraction has been improved
ao that plane wave effects can be removed at & given point provided
their amplitude is less than half that of the first cross mode.
Unfortunately, at certain angles of incidence {usually between

30¢ and 50 at 1 kHz) the amplitude of plane waves present far
exceeds that of the first cross mode.

In order to reduce these plane waves electrical phase and amplitude
controls were added to the inputs of the amplifiers feeding the
horns coupled to pipes AL . At the angles whers the plane waves
predominated it was found that tha electrical conirols had little
effect on the relative phases mnd smplitudes of A and 4' . Thig
was because the horns and their pipes were being loaded by the
impedance offered by the guide at A and A’ . Variable length
sections were added to the pipes so that they could be tuned. The
monitor microphones, DI , were used to indicate when the source
anplitudes and pheses were correct.



2, Exzamples of Modal Reflection

The reflection coefficient memsursd msbove will only correaspond to
that obtained for an infinite plane wave incident on an infinite
sample if the mth incident guide mode is reflected into the mth
mode and there is no scattering into other modes. In order to
show that this is 80 we must know the absorbing mechanism of the
semple. The mechanisms or models used for describing absorbent
behavipur have been discusaed in an earlier publicationt

2.1 Fluid(or Hard Porous)

This ie the most versatile model aince it can be applied to a
large range of practical materiala. A longitudinal wave is assumed
to propagate in the fluid which has a velocity less than 344 ms”/
and is rapidly attenuated.

For simplicity we shell initislly consider the fluid absorbent to
be infinitely thick. The veloeity potentials in the air and f‘lu:.d
are respectively -11%.: 1]1
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where z ia the distance from the air - fluid interface.

The(ﬁ aTe the modal amplitudes and the £ their wa}rg numbers
given by ‘i!n. = J@z(nl-___ 22 fn) = ‘h('F) c0sOa

4
Gn 1s the angle of incidence of the nth mode and €. is the
corresponding a.n%le of refraction. The propagation conatant of
the fluid is 1%’ The potential veriation across the guide is
given by *q),b 15“1 ns.’;) r\.ﬂ.\rjn.

where x is the distance from the guide axis. The suffixes ‘Cand'r!
refer to incident and reflected potentimls and 'F' refers to
the fluid-potential. Note that all symbols having. the suffix 'f!'

may be complex.

Applying the conditions of continuity of pressure and normal
particle velocity at the a:.r-:t‘lu:n.d interface g:we-

B W + Z mn W = Zd’mn W
R ﬁr:\'\pm - Z‘F?n dmn Yo = Zh{' d)mn Wa

where Myi= Pf f74 Pf and P being the fluid and air densities
respectively. Multiplying each equation by UYhand integrating
between x = + ®/2 and - Y/2 we obtain two aquations with only
mth mode terms. The mth mode reflection coefficient Rmm

ia obtained from these equations,

Qmm = (ﬁmm = X 0039,“ - 3 WFIE!'E Z=mg k /(k{cosem )
d,,.,.... Z coslm+! '

whih is the normal impedance of & fluid surface of infinite
extent,

The above proof is easily extended to the case of a fluid layer.
Here we assume two wave systems to propagate in the layer

2( anpn, Jht . mn 'Lp.-._ -1&-:)

Knowing the relation between qun and ¢’mn which is obtained by
applying the condition of serc particle velocity normal to the




rigid backing, we can repeat the above procesa. The scattered
components again have gero amplitude and the mth mede reflection
coefficient correaponds to that of a layer of infinite extent.

2.2 Solid Termination (or Effective Solid)

In practical absorbent materials there is usually s shear wave in
addition to the longitudinal fluid wave(s)}. (A structurs-borne
longitudinal wave mey also be present, which is coupled to the

main fluid wave in the pores. The reasoning sbove will apply to

this wave). The boundary conditions at z=0 muat now ineclude “zero
stress tangential to the sample surface" in addition to the conditions
applied in 2.1. The proof ‘that there is no scattering at the air=
solid interface is otherwise similar to that for the fluid. This
analysis is easily extended to the cese of a rigidly backed layer,
where there is again no scattering.

3. Predicted and Measured Impedance of & Mineral Wool Layer

The first measuremsnts of impedance with the waveguide were carried .
out on a flexible polyurethans foam. There was & considerable
error in the impedance measured st any given angle becaume of the
affect of contact with the guide wall. Nevertheless, & definite
inerease in the real part with angle was noted. A theoretical
prediction of the foam's impedance could not be attempted because
of the unknown effect of the frams. '

Mineral wool absorbents are influenced much less then foams by the
guide walls. In eddition a mineral wool having short fibres can be
ghown to approximate t¢ the fluid medel. Figure 2 showa the pre-
dicted impedance of & mineral wool having a flow resistance of
20,000 kg.m® 5. The real part of the impedance shows little
variation with angle until the thickness becomes quite amall. The
imaginary parts show virtually no variastion with angle, The
measured curves for Stillite of nominal density BO kg m™® are
shown in figure 3. These agree well with the calculated curves.
Many mineral woel absorbents have long fibres lined up in one
direction. This usually gives rise to a highsr flow reasistance
normal to the surface than parallel to it. Pyett ¥ has modified

the fluid model fo take the effect of this anisotropy intc account,
Using flow resistances of 50,000 and 20,000 the Pyett model gives

a real part variation with angle substantially the seme as figure 2.
This appears surprising since we would expect increased external
reaction. The explanation lies in the increased surface reflection
from this type of absorbent due to its high normal flow rsaistance.
Wavegnuide measurements on an absorbent of this type (Rocksil) will
be reported at a later date.

Referances
i. Ford, R.D., Lord, P and Wegt M. Acoustic waveguide having a
variable section. J.Acouat.Soc.Amer. 47, 1, 12-13. 1970.

2. Ford, R.D., Landau, B.V., and Weat, M. Reflection of Plane
Oblique Air Waves from Absorbents. J.Acoust.Soc.Amer. 44, 2,
521-5%6 1968,

3. Pyett, J.S5. The Acoustic Impedance of & Porous Layer at
DOblique Incidence. Acustica 3,6, 365-408 1953.



— fied watl
o) = 7 o V
B
D A L,C £
- | ] moveable wall
-
Fig 1 Seckion through the hcoustic. Waveguide
P 100 mm
Paftm_ o
SCmm
'o-/ 23 mm
059
* + + + Angle
° 3o 0 a ng
L
- 1.0 4
mg-ir'\f ——— e i,
park |
3
Fig?  Predictad \mpedance ratio of & Minoral Wool  Flowresistance 20000 kgrw's
rédl 154
¢ Somm
" 50mm 25 mm
10 7
o" - &-m
e > prs — oo
- 05 -_— e —— S0 mm
- 101
- 15 \/" 25 mm
gt .



