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ANTECEDENTS

When designing scund absorbers based on Helmholtz resonators, actual facilities of camputers such
as speed and graphycal disposals, support the idea of a predition model handling adecuate mathematical
formulas. There is some oposition to classical models mainly based on tables and shacuses relating
absorption to physical characteristics,

To this purpose the resistive term plays a primary rol, [t completely controls the maximum
ohsoprtion and contributes highly to the resonance sharpness [1]. On a previous paper (2], experimental
results were given for this resistive term, within the geometrical ranges of interest for usual ceramic tilas,

This paper resumes the above mentioned work in the search for a mathematical expression that
represents enough acusrately the acoustic behaviour of the resistive term to design purposes. The merit of
existing theories giving highly accurate values of resonance frequencies even for rather complicated
geometries, is mainly due to the power of 8 more general method of computing resonance frequencies,
due to Rayleigh [3].

When one compares formulas for the resistive term, given by various authors, substantial differences
are found. Heckl [3] sates a resistive term uniquely due to the radiation impedance, and takes the
approach of Morse [4] for a un piston sst on an infindte baffle:
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wiiere ¢ is the sound velocity in air, p is the air density, a is the radio of the resonator neck and.J, is the
Bessal function.

Ingard [5], on the contrary gives more imporiance to viscous dissipation within the neck, and obtains
the quantitative expression:
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where [ is the neck length, Ag is an equivalent surface resistance in the neck and whose second term, 2Ry,
comes from the contribution of resonator surfaces in the vicinity of the neck and normal to it, as computad
by Nielsen [6]. According to Rayeigh [7], R; = Wneaf) , wheres is the dynamic viscosity and fthe
frequency. Cremer [8], develops a theary similar to Ingard, and gives a suplementary formula to account
far the equivalent surface resistance for narrow necks (circular necks). He further gives an abacus to bring

the gap among, both "types” of necks.




This work compares the experimental results with the above theories, on a wide range of stzes for
cyvlindrical necks, with the aim of validate the more adecuate formula (5] to predict actual results, then to
support a computing model 1o design sound absorbers based on resonators, iselated or forming
assemblings to conform broad band absorbers.

EXFERIMENT AL METHOD AND RESULTS

A gt of Helmboltz resonators was constructed covering geometrical ranges of interest with regard to
commaon nature and sizes of ceramic tyles used in Spain. The following ranges were exlored 2.5<a<200
mmi, f={=40 mm, 50=F~ {000 em®.

'We used a experimental arranpement based on the standing wave method, and a measuring
technigque ysing the standing wave ratio and the location of the first minimuwm [9], With 2 rigid backing a
standing wawe ratio higher than 55 o8 was obtained for frequencies higher than 250 fz, then ensuring
errars lower than 0% for absorption coefficients higher than 0.25. Directly measured quantities were:

absorption coefficient in the frequency range,

location of the first minimum (with regard to the sample surface)
maximum value of the absorption coafficienta_ . .

resonance frequency [,
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By using the appropriate formulas [9] the specific impedance Zipe al resonance was computed, then
the real part and the resonance quality faster O= LA
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Experimental results are represenied on Figures 1 y 2, for cylindrical necks on ceramic materials.
Abcissa nembers simply indicate the order number of the sample tested, Figure 1 corresponds to the
resistance & of the resonator, after correction of the infience of the standing wave tube. Figure 2
represants 0, bat this time corresponding to the resonator mounted on the standing wave tube.
Experimental points are grouped onto the nine sets, e/ to €, each one corresponding to a nominal neck
length indicated in the figures. Within every set the neck radius takes the sequential values 3, £.5, 6, 75y
& mm, excepting sets e (where a first point with a 2.5 mm radius is added) and ef (where they are
missing points for a 7.5 s radius on R and for radiug 7.5 mm and 9 mmoon O ).
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Most times, the frequency valuss to obtain resonance widths (7-f;. on Figure 2, required
interpolations.

DISCUSSION AND CONCLUSIONS

Theoretical values afforded by the previous modsls have been compared with experimental results.
omparisons were performed maintaining as abscisas the saquence of cases as in Figures | and 2, and
equal Y-logarithmic coordinates, In this way the balance between contributions of the radiation resistance
and of the internal surfacic resistence become distinguishable.
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Figure 3 gives the dispersions of experimental results, for R, with regard to the best theoretical fit as
a funetion of o. Dispersions remain bounded to rather low values. It is significant that dispersions
decrease as the neck radius @ increasss, in relation to errors in mechanizing of samples, that followed the
above indicated variation.

We found that the best it ameng theoretical and experimental ragults, for R corresponds to the

following, conditions:

e (he contribution of radiation resistance becomes worthless,

»  the multplicative factor 1 for a in the numerator of formula (2) should be used, as given by the
theary, instead 2 recommende by Ingard,

«  the exprasion of Rayleigh (ubos menos estrechos) should be used to account for the "surfacic”
resistance [,

« a3 multiplicative constant is neaded to minimize dispersions as a whole and the value of this constant
computed by the least squares method wes 3.9 (dispersions of Figure 2 already incarparate this
correction).
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When using such sbsorbers in common spaces like rooms, offices ete, the radiation resistance can
play a2 significant rol, contrarily to the stanting wave wbe. For such reverberant spaces a funtional
dependence of the type rka)? can be used. The expression of the radiation reistance for a piston s2t on a
sphere, a pulsating sphere and a piston baflled by a plane have such functional dependance.

Qur results supporting the Rayleigh expression for the "surfacic"resistance Ag, within the ranges
indicated, can be interpreted as a confirmation of the Cremer's criteria, @ 28 66/ ¥/ (@ in mm y fin
hertzs), to distinguish between narrow and “wide" tubes for resonator necks.

The use of the above results on a predictive mode| based on the equivalent circuil resulls very atractive to
predict the acoustic absorption of either isolated or associated resonators. The complete absorption curve
in the frequency range results very precise and extramely sasy to obtain. When mere complicated
associations are to be considered some optimisations with regard to sharpness and positions of new
resonances shauld be achived and our present work deals with this problem. Comparative results for two
isolated and serial coupled rasonators are respectively presented in Figures 3 and 4,
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Figure 4. Predicted and measured Figure 5. Predicted and measured absorption
absorpiion for two isolated resonators Jor fwo sévial coupled resonaiors
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