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OPTIMIZATION OF PERFORATED DOUBLE-
LAYER ABSORBERS USING SIMULATED
ANNEALING

Min-Chie Chiu*, Ying-Chun Chang**, Long-Jyi Yeh**, Tian-Syung Lan***

Key words: double-layer absorber, transfer matrix method, optimization,
simulated annealing.

ABSTRACT

As noise is highly responsible for the psychological and physi-
ological ills to workers, the noise control for enclosed manufacturing
system with sound absorber becomes obligatory; besides, considering
the maintenance and operation in a room, the minimal thickness of
sound absorber is certainly requested, according. To meet these
issues, the compromising design target, ratio of sound absorption
coefficient to thickness of acoustic panel, is thus proposed and
applied as a researched objective, accordingly.

In this paper, the simulated annealing (SA) is utilized in the
shape optimization of the double-layer sound absorption system. The
paper tackles not only the theoretical derivation in a double-layer
sound absorption system, but also, the presentation of the SA search-
ing techniques. By pre-running the optimal searches of sound absorp-
tion coefficient of a single-layer absorber at the specified frequency
of 350 Hz, thereliability in SA was verified. Before optimization, the
accuracy of mathematic model on a single-layer sound absorber has
been confirmed to be in good agreement by the experimental data.
Thereafter, the exemplified case of double-layer absorber in seeking
for the optimal objective function, ratio of sound absorption coeffi-
cient to thickness of acoustic panel, at the targeted 400 Hz is thus
applied in the following SA optimization.

The economical and compact design of sound absorber proposed
in this study surely provides a quick and optimal approach to maxi-
mize the acoustic performance at fixed total thickness and given flow
resistivities of acoustic fibers by adjusting the airspace, acoustic
fiber, perforated design of front plate on the perforated double-layer
absorbers.

NOMENCLATURE

This paper is constructed on the basis of the fol-
lowing notations:
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Co: sound speed (m s?)

d;: diameter of perforated hole on thei-th front plate (m)
Do: thickness of absorber (m)

Df;: thickness of the i-th acoustic fiber (m)

f : cyclic frequency

jry/-1.

Kfiperi: COMplex propagation constant of the i-th acous-
tic fiber

Ko: complex propagation constant of the perforated
front plate

Kia: real part of complex Kyipert

Koa: imaginary part of complex Kyiper1

L;: air depth of the i-layer resonator (m)

m;: surface density of the i-th perforated front plate per
1m? (kg m)

N;: hole’s number on the i-th perforated front plate per
1m?

OBJ;: objective function (a/(Df; + Df5))

OBJ,: objective function ()

pi%: perforated ratio of the i-th perforated front plate
(%)

pi: acoustic pressure at i (Pa)

qi: thickness of the i-th perforated front plate (m)

Ra: acoustic flow resistivity of the first acoustic fiber
(MKSrayls m?)

Ry: acoustic flow resistivity of the second acoustic fiber
(MKSrayls m?)

Rﬁber(i): real part of Complex Zfiber(i)

u;: acoustic particle velocity at i (kg s%)

w: angular frequency (rad s?)

Z;: specific normal impedance at i.

Zsiner(i). Characteristic impedance of the ith acoustic
fiber

Zy: characteristic impedance of the ith perforated front
plate

Xfiber(i): |mag|nary part of Complex Zfiber(i)

a: sound absorption coefficient of absorber

po: ar density (kg m=)

Iter max. Maximum iteration in SA

To: initial temperature

kk: cooling rate in SA
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INTRODUCTION

For the purposes of people’s health and sufficient
space of maintenance and operation inside the con-
strained machine room, the optimal shape to maximize
the performance of the absorber at the minimal volume
of absorbersisthus compulsory. The research of uncon-
strained multi-layer sound absorber has been discussed
by Lee et al. [8]; however, the thickness of sound
absorber is unlimited. A numerical assessment with
gradient method and graphic analysis of a fixed thick-
ness sound absorption on perforated single-layer ab-
sorbers was deduced and discussed in the previous work
[3]. Toimprove the sound absorption and decrease the
total thickness of sound absorber, a numerical assess-
ment of a variable thickness double-layer absorber is
then proposed in the studies. Besides, to efficiently
explore the optimal design data, the simulated anneal -
ing (SA) [7, 9], a stochastic relaxation technique based
on the analogy of the physical process of annealing
metal, is applied. Besides, a matrix transfer conception
for sound absorption [4] is utilized in the derivation of
the normal sound absorption coefficient. In addition,
the half-experienced formula of specific normal imped-
ance by Delany and Bazley [5] as well as by Ingard and
Bolt [6] are both included into the model derivation
simultaneously.

THEORETICAL BACKGROUND

A matrix transfer method is adopted to formulate a
mathematical model for the resonator of which is com-
prised of a panel, perforated with small holes backed by
an air space, and wool. The acoustic impedance of the
multi-layer panel on the perforated front plate of the
absorbersis determined from the results of the observa-
tions at the bottom wall of the infinity of impedance [1].

For a plane wave propagating perpendicularly
through a partitioned (with b in length and h in width)
and uniform section filled with quiescent medium
(symbolized by “m™) which is homogeneous and isotro-
pic shown in Figure 1, the general matrix form between
point 1 and point 2 is expressed as [3]

7]
u;

cos(kyl) jZsin(k.qlL)
): jzisin(kmL) cos(k. L) (

P1
U (1)

On the basis of plane wave assumption, the for-
mula will be valid at

C
f<o 2)

In dealing with the sound absorption mechanism
of a double-layer perforated absorber shown Figure 2,
the structure of a partitioned double-layer sound ab-
sorber include (1) L, thickness of the air space; (2)Df;
thickness of absorbing wool layer; (3) qg; thickness of
the perforated front plate; (4) L, thickness of the air
space; (5) Df, thickness of absorbing wool layer; and (6)
g, thickness of the perforated front plate.

By using Eq.(1), the transfer matrix of acoustic
pressure p and acoustic particle velocity u between
points 0 and 1 can be expressed as [4]

cos(wlq/¢cy) iPaCo Sin(wly/Cy)
PriZ| sin(el,/c) Po
u; —_— cos(wk,/cy) || Uo
PoCo

©)

Where p; is the sound pressure at the surface of the air
layer, u, is the acoustic particle velocity at the surface
of the air layer, pg isthe acoustic pressure at the wall,
Ug is the acoustic particle velocity at the wall. The
normal impedance Z;, at the air layer issimplified in the
following expression:

. wlL
ZI:Za” =—j PoCo Cot( c L
)

) 4)

Normal incident wave

" L

"~ Normal deflection wave

X

G \ Partition wall

-

Quiescent medium

Fig. 1. Planewave propagating through a partitioned porousmaterial.

Partitioner

Fig. 2. The sound absor ption mechanism of a double-layer perforated
sound absor ber.
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The transfer matrix expresses the relationship of
acoustic pressure p and acoustic particle velocity u
between points 1 and 2

1
ug

(5)

Substituting Eqg. (4) into Eq. (5), the normal im-
pedance Z, at the surface of the wool layer is derived
and expressed in the matrix form:

l 2] COS[Kiper1(Df )] | Ztiver1 SiN [Kiber1(Df1)]

7| S Kot O k)]
Zflberl

Z; cogKfiber1(Df1)] +j (Riiber1 +J Xtiber1)SiN [Kriper1(Df1)]
Z,= . lei N [Kiper1(Df)]
Riibers ] Xeiber1

+ 08 [Kfiper1(Df1)]

(6)

By adopting the formula of characteristic imped-
ance and wave number, which is applied in fibrous
material, and deriving the equation by Delany and Bazley
[5], it has

Kan= ("2 o007ae! oy,
a={] (D 1)][ 0189( . )—0595]} 72)
Reiber1 = Oo Co(L + 00571(£)—o.754).
1oer 0~0 A Ra :
Xiiber1 = Po Co(—0. 087( R, )—0732) (7h)

Where Kfiper1 = Kia + jKoa; 1000 < R, < 50000 (7¢)

The transfer matrix expresses the relationship of
acoustic pressure p and acoustic particle velocity u
between points 2 and 3

l } cos (K p10y) JZplsn(Kplql)
3| _

=] sin(K,a)
] Zpl COS(Kplql)
P1

Uz

(8)

By adopting the formula of specific normal imped-
ance and wave number of the perforated plate, derived
by Ingard and Bolt [6], the normal impedance Z; at the

surface of the perforated front plate is simplified to:

Z,= Zy+] Zp tan (KpyGa) (93)
Pz p1 ] Zotan (Kpudy)
Where
16Mp, 244
Z =i327fM,, /| [L+ —F—][Nz“d :
p1 =] h1 ([ mllerzdf][ 17 °dp]
rdfg, ., d?
=po[ 14271
h1 = Oo[ 1 3] (9b)

Similarly, the acoustical transfer matrices for the
second (upper) layer absorber between points 3 and 4, 4
and 5 and 5 and 6 are:

=| . sin(wL,/cy)

cos(wl,/cy) jPoCosin(wly/Co)
l ﬂ lpﬂ
u

PCo s

cos(wl,/ c,)

(10)
l 5] c0S[Kiiper 2(Df2)]  j (Réiver 2+ j Xiver 2) - Sin [Kiiper 2(Df2)] 4]
u Uy

=| . Sin [Kiper 2(Df2)]
Reiber 2 + ] Xiiver 2

5 C0S[Kiper 2(Df2)

(11)
i cos(Kppdy) | Zpz sin (Kpadlo) ;
lue;l_ JM cos(K0,) lusl (12)

p2

Developing and rearranging Egs. (10) ~ (12), the normal
impedances of Z,, Zs and Zg can be expressed as:

Z3+] Za tan (wl 2/ Co)

Za=2
ST tan (0l Co) Zs + Zay (139)

Zs
Z,5 cos[Kiper 2(Df2)] +j (Reiber 2+ j Xiiver 2) SiN [Kiper 2(Df2)]

= 7 SN [Kiper 2(Of5)]
4~ -~

Riiber 2 + ] Xiber 2

+ cos[Kiper 2(Df2)]
(13b)

Zs+] Zpp tan (Kpp02)

Zg= 2
Zp +j Zstan (Kpdo)

(13c¢)
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Where

Kiber 2 = K1g +] Kog;

o= 2)][1+00978( R ) "
( ) Rb )—0595]}
Riiber 2 = PoCo(1 + 0,0571(‘;?)— 0754).

Pof
Xiiver 2 = PeCo — 0.087(%)— 0732.

1000 = R, < 50000
16My, 244
Zo=j32nfM,, /| [1+——— ][N d,] |:
p2 =] h2 m2N2n2d24 27 Uy
d,? d,?
Mip = oo "2 32 + 252 ] (13d)

For normal incidence, the sound absorption coefficient
[1] is shown as:

a (f, my, d1,p1%, dy, Dfy, L1, Ra, My, Oz, p2%, dy,
2
ZG_poCo

Dfy, LoRy) =1—|5——
22 b) Zﬁ+poco

(14)

In finding an economical design of double-layer sound
absorbers with smaller thickness and higher sound
absorption, the objective function is defined as

OB‘Jl =a (f, ml! qlv pl%! dlv Dflv Ll! Rau m2| q2!
p2%1 d21 DfZ! I—21 Rb) / (Dfl + sz) (15)

MODEL CHECK
1. Mathematic model

To verify the accuracy of a fundamental math-
ematical model in above section, a single-layer sound
absorber shown in Figure 3 is exemplified. Its mathe-
matic form of the normal sound absorption coefficient is

o (f, My, Jg, pl%a dla Dfl, Lla Ra)
2
_ ZS_poCo

ZS * PeCo (16)

An experimental equipment for measuring the normal
sound absorption coefficient is designed and depicted in
Figure 4. Asindicated in Figure 4, the acoustic imped-
ance tube emits the normal incident plane wave and
detects the standing wave with a movable microphone.

One sample of a single-layer sound absorber is
simulated and tested wherein Ry is a flow resistivity of
absorbing fiber [12]. The accuracy comparisons be-
tween the theoretical and the experimental results are
illustrated in Figure 5. Theresultsin Figure 5 show that
they are in agreements.

ZB - P3 U d]_ pl%m]_
T
i
Z, & Py 1
= PolUo L1
Wall

Fig. 3. A single-layer sound absorber with variables of p%, d, Df, L
and R.

Variable frequency
audio oscillator ~ |

I'AmpliferlI

Frequency
analyzer

Specimen +— Incidentwave  probe tube

™~ —r]' Reflected wave .,/" J_L
Speakerf Scale

Movable microphone j L Impedance tube

Fig. 4. The experiment of normal sound absor ption coefficient by an
impedance tube.

$ Experiment
..... Theory

0.9}
0.8}
0.7}
0.6} 9 0
0.5}
0.4} .
0.3} o
0.260%"
0.1f

.
.
.
o
.
.
o
.
.
.
K
S

Sound absorption coefficient

100 200 300 400 500 600 700 800
Frequency [Hz]
Fig. 5. Accuracy check for theoretical model of a single-layer sound

absorber [L;=0.05(m), Dy = 0.046(m), p1% = 19.4(%), d; = 0.003
(M), Ry = 8000 (rayls/m), m; = 2(kg/m?), g, = 0.001(m)].
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2. Reliability of the simulated annealing

To verify the reliability of SA optimization, a
single-layer sound absorber with variables of [p%, d,
Df, L and R] shown in Figure 3 isintroduced for pre-run
purpose.

The exemplified objective function of the sound
absorption coefficient for a single-layer sound absorber is

OBJZ - a (f, my, Ja, pl%, dl, Dfl, Ll! Ra)

2
ZS ~PoCo

Z3 * PeCo

(7)

The targeted frequency is set at 350 Hz for the SA
optimization. By using SA optimization, the resultant
sound absorption coefficient with respect to frequency
domain is plotted in Figure 6. Asindicated in Figure 6
that the sound absorption coefficient is precisely maxi-
mized at the desired frequency of 350 Hz. Therefore,
the reliability of SA optimization is acceptable.

Consequently, the proposed fundamental math-
ematical model and SA are reliable. Thereafter, the
advanced exploration of double-layer sound absorbers
in conjugated with SA is developed and applied in the
following sections:

SIMULATED ANNEALING
Simulated annealing (SA) algorithm, alocal search

process, simulates the annealing process of metal. In
the physical system, annealing is the process of melting

[EnY

© © o o
> N 0 O
T T T T
1 1 L 1

N
T
1

/_350 Hz
0 50 100 150 200 250 300 350 400 450 500
Frequency [HZ]

Sound absorption coefficient
o O O O ©o o o
w (&3]

O
=N
T

Fig. 6. Sound absorption coefficient of a single-layer absorber with
respect to frequency [p;% =47.2 (%), d; = 0.012 (m), Dy, = 0.118
(m), L, = 0.088 (M), Ry = 46069 (rayls/m), m; = 2 (kg/m?), o, =
0.0006 (m)].

ametal and cooling it until the material is crystallized.
The slow cooling (annealing) allows the particles to
move towards the minimal energy state. In this state,
the particles have a more uniform crystalline structure.
However, the fast cooling rate (quenching) resultsin the
higher energy condition with large internal energy stored
inside the imperfect lattice. The basic concept behind
the SA was first introduced by Metropolis et al. [9] and
developed by Kirkpatrick et al. [7]. The purpose of the
SA isto avoid stacking local optimal solutions during
optimization.

The scheme of the SA is a variation of the hill-
climbing algorithm. All downhill movements for im-
provement are accepted for the decrement of the system
energy. Simultaneously, the SA also allows movement
resulting in worse solutions (uphill moves) than the
current solution in order to escape from the local
optimum. At higher temperatures, the uphill movement
changes well. However, changes occur when going
uphill is decreased and the temperature lowers.

The flow diagram regarding SA optimization is
described and shown in Figure 7. Asindicated in Figure
7, theinitial temperature(T,), maximal iteration number
(iter max) @nd cooling rate (kk) have been firstly preset in
program; the algorithm starts by generating a random
initial solution (Xn). To simulate the evolution of the
SA algorithm, a new random solution (Xn’) is chosen
from the neighborhood of the current solution. If the
change (AF) in energy (or objective function) is negative,
the new solution (Xn') is accepted as the new current
solution (Xn). Otherwise, the transition property (pb(T))
of accepting the increase is computed by evaluating the
Boltzmann'’s factor (pb(T) = exp (AF/CT)) in which the
AF, C and T are the difference of the objective function
, Boltzmann constant and current temperature
respectively. Each successful replacement of the new
current solution leads to the decrement of the current
temperatur (Tnew) BY Thew = Kk* Tog, Wherein kk is a
cooling rate in this annealing process. The iteration
check of iter oy has also been ensured in advance before
next seeking of new solution being repeated again. The
process is recurring until the predetermined number
(itermax) Of the outer loop is reached. To achieve an
initial transition probability of 0.5, the initial tempera-
ture (T,) will be chosen at 0.2 [10]. If the probability is
greater than a random number in the interval of [0, 1],
the new solution is then accepted. If not, it is rejected.
The algorithm iterates the perturbation of the current
solution and the measurement of the change in objective
function.

CASE STUDY

The noise control of a machine fan room shown in
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Objective
function = a/Do
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No

No Yes
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d
-

h 4

Program
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Fig. 7. Flow diagram of SA optimization.

Figure 8 isintroduced in the case study.

Due to the periodic disturbance of the in-flow
happening within the fan, the phenomenon of siren-
effect occurs. A puretone, f of 400 Hz, isidentified and
given as [11]

f = Nb*n (18)

Where the Nb is the number of blades and n is the
rotational speed. These components and its harmonics
can be readily identified in the noise spectrum of the
machine. To eliminate the pure tone noise in the fan
machine room, the double-layer sound absorber at-
tached onto the wall is used. Considering both of the
cost effect and the maximal available space of opera-
tion due to fan’s maintenance, a compromising objec-
tive function of a/(Df; + Df,) is proposed and optimized
by simulated annealing wherein the total thickness (Df;
+ Df,) of two layers of fibers are fixed to be 0.1 meter;
besides, the flow resistiivity of two fibers are pre-
selected as 6300 (rayls/m) and 40000 (rayls/m)

Do

wall \ L

|Perforated plate |

Acoustic fiber

Ground

Fig. 8. Noise control of a machine fan room.

individually. Moreover, the partition design of the
absorber is 0.2 meter in b and h concurrently. By
adopting Eq.(2), the cutoff frequency (f;) is

f. = Co/2h = 340/(2*0.2) = 850 (Hz)
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For the purposes of lightness in metal, a series of
assumptions for the constrained conditionsin the design
areillustrated as:

fiarget = 400(H2) ; 01 = g = 0.006(m); My = M, =2(kg/m?);
5.0 (%) < p; = 50.0 (%); 0.003 (M) < d; = 0.015 (m);
0.01(m) = L; = 0.1 (m); 5.0 (%) =< p, = 50.0 (%);
0.003 (m) =< d, < 0.015 (m); 0.01(m) < L, < 0.1 (m);
R, = 6300 (rayls/m); Ry = 40000.0 (rayls/m);

0.02(m) < Df; < 0.0.8 (m)

The corresponding OBJ; is simplified as

OB‘Jl =aQa (ftargety pl%v d11 Dflv L11 p2%1 d21 Df21 L2)
/(Dfy + Df,) (19a)

Where

Df, = 0.1 — Df, (m) (19b)

RESULTS AND DISCUSSION
1. Results

The accuracy of SA optimization depends on the
cooling rate (kk) and the number of iteration (itermay)
[2]. To explore the effect of the cooling rate and the
number of iteration, an investigation of SA parameters,
including the cooling rate and the iteration, is then
carried out as follows:

To achieve a better approach in SA, five kinds of
cooling rates (varying from 0.9, 0.93, 0.96, 0.99 and
0.999) aretested at the maximal iteration number (iter may)
of 5000 and the initial temperature (T,) of 0.2. The
results are summarized in Table 1.

In addition, the annealing response curves (with
respect to five kinds of cooling rates) are plotted in
Figure 9. Asindicated in Table 1 and Figure 9, the best
result occurred at the cooling rate of 0.93. Conseguently,

the objective function of a/(Df; + Df,) (with respect to
frequency in the five design cases) are shown and
plotted in Figure 10.

Obviously, the best o/(Df, + Df,) at the desired
frequency of 400 Hz isfound at the cooling rate of 0.93.
In the five cases, the calculations of SA optimization
(runin IBM PC - Pentium 1V) are 0.22 minute around.

To achieve a better approach in SA, three kinds of
maximal iteration (500, 5000 and 50000) are tested at
the cooling rate of 0.93. The results are summarized in
Table 2. Asindicated in Table 2, the best result oc-
curred at the higher iteration number of 50000.

Consequently, the acoustic performance of o/(Df
+ Df,) (with respect to frequency in three design cases)
is shown and plotted in Figure 11. Obviously, the best
value of a/(Df; + Df,) at 400 Hz isfound at the iteration
number of 50000. Whereas, the longer time of 12.03
minutes is required compared to other cases.

7.
6.
5-
c 4r
S
S 3
=)
2 o
8 af
o)
O 0_
kk =0.99
1t
2 E ;kk = 0.93;kk =0.96 ;kk =09
-3

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Iterations

Fig. 9. Annealing response curveswith respect to five kinds of cooling
rate.

Tablel. Comparison of resultsfor various cooling rates

SA Control Results Ellapse
parameters time
|termax kk p% dl(m) Dfy L]_(m) p% dz(m) Df, Lz(m) al a Df; + Df, t(ml n)

(m) (m) (Dfy + Dfy)
5000 09 60 0005 0079 0.097 448 0003 0.021 0.073 2.87 0.2871 0.1 0.22
5000 093 328 0.005 0079 0.054 465 0003 0.021 0.060 294 0.2944 0.1 0.21
5000 0.96 284 0.008 0079 0013 449 0003 0.021 0.057 2.92 0.2928 0.1 0.22
5000 099 47.8 0.009 0079 0.051 49.7 0.003 0.021 0.094 291 0.2917 0.1 0.22
5000 0.999 449 0.009 0079 0.034 477 0004 0.021 0.062 2.58 0.2798 01 0.23

Note: Df; + Df, = 0.1(m); m1 = m2 = 2(kg/m?); o, = 0, = 0.0006(m); R, = 6300 rayl/m; R, = 40000 rayl/m.
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2. Discussion

Asindicated in Tables 1 and 2, the SA parameters
of kk and iterax play the essential role during optimal
process. By using kk of 0.93 and iter ., of 50000
iterations, the best design data set of (OBJ, = 3.06) is
searched as
(pl%a dla Dfl, le pz%, d2, sz, L2) = (381%,
0.005m, 0.079m, 0.014m, 48.5%, 0.003m, 0.021m,
0.053m)

The related sound absorption coefficient at the
fixed total thickness (Df; + Df,) of the sound absorber is
0.3069.

Due to the selected (constrained) flow resistivity
of Ry and R, used in case studies, the OBJ, values at the
desired frequency of 400 Hz are therefore limited and
unable to reach to the peak point of performance curve
in Figures 10 and 11. In case of the unconstrained flow
resistivity of R, and Ry, the optimization has been

w
o

~—To=0.2; kk =0.99
A To=0.2; kk=0.96
+ To=0.2; kk = 0.93
> To=0.2;kk=0.9

w
~

NN w
o o w_ N

ING
~

Sound absorption coefficient/fiber thickness

N
()

0 100 200 300 400 500 600 700 800 900
Frequency [Hz]

Fig. 10. Objective function of a /(Df; + Dfy) with respect to frequency
for various cooling rates[constraint condition: Df; + Df, = 0.1
(m);m1=m2=2(kg/m?); oy = g = 0.0006(M); R, = 6300 rayl/m:;
Ry = 40000 rayl/m]

further processed; and the related performance curve at
optimal design data shown in Table 3 is plotted in
Figure 12. Obviously, the OBJ; value at the targeted
frequency of 400 Hz can be more closed to the peak
point of the performance curve.

CONCLUSIONS

The maximal design objective of o/(Df; + Dfy) is
absolutely important and essential for a highly rever-
berant machine room in which the reservation spaces of
maintenance and operation is extremely requested. For
the economic purpose, the total thickness (Df; + Df,) of
absorbing fibers are limited to 0.1 meter. In addition, it
is shown that the SA can be used in the optimization of
a double-layer sound absorption system efficiently.
Since using this method does not require the usual
mathematical conditions of strict continuity, differen-
tiability, convexity, and other properties, the SA be-
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L| & To=0.2; itermax = 5000
+ To=0.2; itermax = 50000
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Fig. 11. Objective function of « /(Df; + Dfy) with respect to frequency
for variousiterations[constraint condition: Df; + Df, = 0.1(m);
m1=m2 = 2(kg/m?); g, = g, = 0.0006(m); R, = 6300 rayl/m;
Ry = 40000 rayl/m].

Table2. Comparison of resultsfor thevariousiteration numbers

SA Control
parameters

itermax Kk pi%  di(m)  Dfy  Ly(m)  p%  d(m)

(m)

Results El_apse
time
Df2 Lg(m) ol o Dfl + Df2 t(ml n)
(m) (Df; + D)

500 0.93 417
5000 093 32.8
50000 0.93 38.1

0.012 0077 0.088 37.2 0.003
0.005 0.079 0.054 46.5 0.003
0.005 0.079 0.014 485 0.003

0.023 0.064 218
0.021 0.060 294
0.021 0.053 3.06

0.2180 0.1 0.02
0.2944 0.1 0.21
0.3069 0.1 0.22

Note: Df; + Df, = 0.1(m); m1 = m2 = 2(kg/m?); o, = 0, = 0.0006(m); R, = 6300 rayl/m; R, = 40000 rayl/m.
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Table 3. Optimal design parameters of sound absor ber

Optimal design parameters and result

p1% di(m) Dfy  Ly(m) Ra Y%  dy(m)  Dfy  Ly(m) R, al/(Dfi+Df) «a Dfi+Df;
(m) (rayl/m) (m) (rayl/m)
21.0 0.014 0.042 0.060 29340 495 0.004 0.058 0.047 3014 8.47 0.847 0.1

Note: Dfy + Df, = 0.1(m); m1 = m2 =2 (kg/m?); g; = g = 0.0006(m); kk = 0.93; iter 1z = 50000.
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Fig. 12. Objective function of a /(Df; + Df,) with respect to frequency
for variousiterations[constraint condition: Df; + Df, = 0.1(m);
ml=m2 = 2(kg/m?); o, = g, = 0.0006(m)]

comes efficient and easier to be used. Both the cooling
rate (kk) and the iteration number (iter ) play essential
rolesin SA optimization. By increasing the iterationin
SA, the acoustic performance of a/Do can be improved.
Results in Table 2 and Figure 10 reveal that the best
objective function of 3.06 is searched. Itsrelated sound
absorption coefficient at 400 Hz is 0.3069. A further
study in Figure 12 indicated that the better objective
function will be achieved at the less constraint condi-
tions such as the unlimited flow resistivity of R, and Ry,

This study definitely offers a simple advance to
not only organize the best drawing in sound absorbers
but also compromise the minimal thickness and good
acoustic performance of absorbers for the space-con-
strained task, which is occasionally occurred in the
enclosed manufacturing system.
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