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Abstract: Aiming at the difficulty of quantitatively predicting the sound absorption coefficient of
a microstructural foam material through its microstructure size, an SEM method is proposed to
establish a simplified unit model of the microstructural aluminum foam. Using this model to
simulate the topology of the microstructural aluminum foam, the relationship between the unit’s
topological characteristics and the key non-acoustic parameters, including static flow resistance,
viscous characteristic length, thermal characteristic length, and tortuosity coefficient, can be
established. On the basis of the simplified unit model, the open porosity is introduced to clarify
the relationship between the porosity and tortuosity of the microstructural foam material. So the
accuracy for predicting the sound absorption coefficient of the microstructural aluminum foam is
improved. The BK impedance tube is used to measure the sound absorption coefficient of the
microstructural aluminum foam specimen, and the experimental measurement results are

consistent with the theoretical prediction results. The specimens with a thickness less than 30
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mm prepared in this research achieve broad-band and high-efficiency sound absorption, with an

average sound absorption coefficient of 0. 8 in the 1 100—6 500 Hz frequency band. This research

may provide a basis for the design, optimization and preparation of microstructural foam materials

with better sound absorption behavior.

Keywords: microporous foam; sound absorption; simplified sound absorption model; broadband
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Fig. 1 Analytical models of sound absorption for porous

media with rigid skeleton
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Fig. 2 Photo of the microporous aluminum foam
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Fig. 3 SEM pictures of the microporous aluminum foam
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Table 1 Geometric parameters of basic simplified unit

di/pm dy/pm
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Table 2 Measured porosity and basic simplified unit porosity of the specimen

i HA%/mm JE B /mm B /g 4 £LBR AR/ 20 SEJT B IALBR AR/ U
1 28.02 4.94 2.47 69. 92 68. 96
2 28.02 9.82 5. 09 68. 92 68. 96
3 28.02 14. 32 7.59 68. 13 68. 96
4 28.02 19.18 10. 15 68. 19 68. 96
5 28.02 23.94 12.75 67.98 68. 96
6 28.02 28.78 15.22 68. 21 68. 96

http: // zkxb. xjtu. edu. cn




158 [ . ]

Ko

R

Eird i 55 4

b BT AR SR AR () W S RECRNMERG . A T R T AL
TEL R BR TR 235 4 1) 24 T e o L % P LT 1 75 P BB 1
SZ) , AR 5T AF BE A ] 4k 50 CREFL 1 TR 45 89 O B
AR BERIIERE L5l AFFFLER R, X—Z 8, B
FOI EFLBR ¢ IR AT X I FLR R, R#om R
R, = ¢ (10)
2%
Z AL AR 5 T VKRR AR K B S B R AR
KB LA n, 19 28 55 3% 3k AT DLAR $ig 0 L 76 UK 45 1
485 ) 8 24 T AL B A LA Y om, AT AR RN

7 ::§¥r::1.55(j%;)aﬁm (1D

3T R A o FH VS R Z LS50 B9 &R 22 8 B L B
RFZAMB NG R R, X FRHAEM
MU FNEE G 0y Z FL A Bk it 31 R E0RT D) 58 4 43 B 1
A3 B B L 2 8 18 X IR R o BRI T — PR
P TS s W -V Ny
_ A& (12)

87
VLRI R W 7 N g R OB PN PN e i o R
L APIREBIA NGRS EZZ W =3 0FI 2 NS IR & e
B A AT . DALY TR AR O 45 R P R R AL
A 58 2 TF AL P IR AL & A AL I HAL 5L
VE $ 38 38 A, AL &S R LT IR A 2 L T B
N HRFLZS /BT R IR B 1. 146,

2 ZR51e

2.1 BERHITE

R T R L TR A B WS R B R A BR O
B COMSOL N7 T — A~ = 4 (9 il £L 3 W 81 LA
BERL, Q&L 5 i 75 U AR A% 1 15 5k 25 /<0, % IR H)
B AL I E S RN, SRR
S A 355 o= 1. 21 kg/m® Fl ¢ = 343
m/s, AR SRS 3 O ST T D A AR R R R

Ao

FiL A, 78 COMSOL (1) £ FL A 5 i 24 455 He v af
PLE VA I 1 B8 2 LA B 24 o i AL . &
B U ] A8 0 T AL IR TR 55 R — BT B 2 AL & JE A
BE A ORUEH ) 2 P g L FLBR R — i 0. 5~0. 8,
h HBOREE IR Z 4 AL LR KON AR 5] AL
Z I e 4% i A B AL IR A7 AE P LA 0 AR B S0
I A L 11 2 5 it 0 L v R R 1 TR 7S R B0
T E— D TTHE Y 2 fL A B RS o B A B L JCA A8
YER B 2400 BT s B, L% 5 S5k
i AAE AT DL AR AL o R 58 O 45+ 5
FZE R, HT COMSOL #FEJ1 5y
2 LA BT 2E BT AL Y TR R A IR R AT
Wy, 2 AR O 2 LA B e A e bl
Johnson-Champoux-Allard % &, 7F £ 1L #f Kk} 5§ tf
B 2. 1.2, 2 79 0 1] Ak BT A AR SR A5 0 S AL TR R
AR R AR S HOL R 3.

% in
=R zﬁﬁﬂ

Ps

FS BALI R AR LA 1Y

Fig. 5 Geometric model of microporous aluminium foam
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Table 3 Relevant parameters of each specimen of microporous aluminum foam

%= JEJE L, /mm TR o/ (Pass»m *) B IERE A/pm PAFERE A/pm TR e
1 4.94 51 920 91. 2 2.694 6 91.2
2 9. 82 53 248 90. 5 2.684 1 90. 5
3 14. 32 54 349 90. 0 2.675 7 90. 0
4 19.18 54 264 90. 0 2.676 3 90. 0
5 23.94 54 564 89.9 2.674 1 89.9
6 28.78 54 236 90. 1 2.676 5 90. 1
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