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supplementary. The thickness of this panel designed to

absorb in the given bandwidth is 60 mm. It can be observed

that the array’s acoustic performance at the valleys is

directly linked to the spacing of the resonant frequencies on

the frequency axis. If the resonant peaks are spaced far

apart, the valleys will be deeper, which will impact the

absorption performance. Hence, the number of resonators

will have to be carefully chosen based on the target band-

width of absorption.

B. Array of “imperfect” resonators

The geometry of each “perfect” resonator was chosen

by looking for the highest performing resonator at a given

resonant frequency. This is not the case for the “imperfect”

array. There is no straightforward way to pick one resonator

geometry over another because “imperfect” resonators work

together in producing the compounding effect. For this rea-

son, this proposed array design method does not consider

each resonator independently but considers the design of the

array as a whole. This significantly increases the number of

parameters involved in the design process, making it

impractical to employ a brute force approach. A differential

evolution search algorithm (Ref. 12) was used to explore the

best combination of HR geometries that produced a high-

performing absorber. The objective is to maximize the

absorption performance within a given target frequency

range. To achieve this, the objective function chosen was

the area under the absorption curve or the sum of absorption

coefficients (a) at every frequency within the target range:

objective ¼
Xfmax

fmin

ai: (11)

Apart from the four parameters that control the HR

geometry, there are four more parameters important in the

design of the panel—lateral sizing, thickness (Pd), the num-

ber of resonators (N), and the relative distance between reso-

nators. All the parameters of a given panel were fixed

during the optimization process to guide the search space

towards reaching an optimal solution within an achievable

computation time (Table I). The parameters of each resona-

tor were treated as free variables, except for the neck radius

(Table II). This was done to avoid re-computing the mutual

interaction between the HRs, the most computationally

expensive part of the model. As given in Eq. (8), the mutual

impedance only relies on the neck radii and the relative dis-

tances between the resonators. By keeping these two param-

eters constant in the evolutionary simulation, the mutual

impedance calculation is only computed once and can be re-

used for every objective function calculation.

For an array of 4� 4 HRs, there are 48 free variables

and the evolutionary algorithm, executed with a population

size of 100 individuals for 250 generations and enhanced

with parallel processing, ran for about 2 hours on a Hexa

core CPU. Figure 5 shows the absorption coefficients of the

best performing array found with the proposed method. The

panel has a thickness of 45 mm.

C. Array of spiral resonators

Spiral resonators are another variant of the embedded-

neck resonator in a cylindrical cavity.18 Spiral HRs can be

significantly thinner than the cylindrical cavity variant. The

geometry of the spiral cavity is defined by the width and

height of the channel, and the number of cycles around the

embedded neck (refer to Fig. 6). Hence, there is an addi-

tional parameter in this variant compared to the cylindrical

geometry.

The DE algorithm with the same objective function

[Eq. (11)] was again employed in the design of the spiral

FIG. 4. Absorption coefficients for 4� 4 “perfect” resonators array. FIG. 5. Absorption coefficients of the best performing “imperfect” HR array.

TABLE I. Fixed variables and their values.

Variable Value (mm)

Panel’s thickness Pd 45

HR spacing grid s 50

Neck radius r 6
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