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ABSTRACT

Acoustic Black Hole (ABH) is an artificial structural device for
capturing bending waves (sound waves). By tailoring the thickness
parameter of the wedge structure, the velocity of the bending wave is
reduced to zero at the tip of the wedge structure, and the bending wave is
no longer reflected, thus realizing the collection and recovery of acoustic
energy. Acoustic black hole structure has the advantages of wide frequency,
easy to produce, and applicable to different size devices, in the energy
gathering, shock absorption, noise reduction and other aspects has a very
good application prospects, has become one of the research hotspots in the
field of acoustics, mechanics and other fields. At present, in terms of energy
gathering, the number and arrangement of acoustic black holes on different
frequency bands of energy gathering characteristics, and its energy
recovery and other aspects of the study is relatively small. In this paper,
firstly, we take the aluminum thin plate structure embedded with two-
dimensional acoustic black holes as the research object, and use the finite
element numerical calculation method to study the influence of the number
and arrangement of acoustic black holes on the energy gathering effect of
the structure. Secondly, an energy recovery device coupled with an acoustic
black hole structure and a piezoelectric sheet is established to study the
effects of different parameters of acoustic black holes and piezoelectric
sheets on the energy recovery and transmission characteristics; finally, an
acoustic black hole structure of a phononic crystal is constructed to study
the dispersion relation and energy recovery and transmission
characteristics of the structure.

(1) Energy-collecting properties of two-dimensional non-perfect



acoustic black hole structures. Using geometrical acoustic theory and finite
element calculation method, we compare and analyze the energy gathering
effect of the aluminum sheet embedded in the acoustic black hole with that
of the aluminum sheet with uniform thickness in both time and frequency
domains. The results show that the energy gathering capacity of the
aluminum sheet embedded in acoustic black holes is about 30 times higher
than that of the aluminum sheet with uniform thickness under specific
frequencies and excitation sources.

(2) Four types of energy recovery devices were designed. Four types
of energy recovery devices were designed by changing the number of
acoustic black holes and the specifications of piezoelectric sheets, and the
four devices were analyzed and evaluated by electric power and other
indicators. The results show that the system composed of periodic acoustic
black holes and periodic piezoelectric sheets can effectively realize the
recovery of broadband energy.

(3) The structure of the acoustic black hole energy recovery device
with phononic crystals was constructed. Energy band theory is applied to
analyze the energy band structure of acoustic black hole cells and their
energy transfer characteristics. The results show that the radius of the
center circular table of acoustic black holes, the truncation thickness, and
the power index parameter have an effect on the dispersion relation of
acoustic black hole cells. Among them, the center circular table radius has

the greatest influence on the dispersion relation.

Key Words: Acoustic black hole, Energy recovery device, Electrical

power, Energy band structure
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0 S ZR I T (1) 22 25 i adF N A 5 36 75 5 AR XS R s, r(s) =TIt i S 2
IEHE R, dr 2 AN I 22 53 B, I A] DUE Hh il T )2 B2 1R A7 A
NI SR R (R B8 A%, DRLIEG 25 | A2 BN o RRIR S5 1) AR JR N, AN SAESEH



HUC AR SEIL SRR, TR AE O AL T SEI SR R RS . i LABEAT e e it U
SUNB s FEA RS I A7 B AN JR) IR 7 2 SRR P il Ak, SRR R LAASEAS b S
ARHG N E KA TR T e e

P 2.3 25 i ol gk N B ABURI R 58 36 75 2 BE T X 3k AR R s /s =
23 EEENEHNERESIHE

231 (hEER

AT ST A2 BN (10 75 2 BRI 45 4 rh S gt 5 (0 A B R IR R E B 0 A AT
BT o K5 LU bR AP ) — 4 75 2 R 4 R i i Ak 5 v g e — il B PT 45 2
TR A R A o A AR RERE O A HARA R R A, BATREE
B TR 2B LK AT RIS S, BT BAE COMSOL 5 rh 2 PSR
PR FE IR AT 4 75 5 FRIR 5 R P 07 AT oy 3 B S I g PR e AR S e
BT 75 22 IR AFAE T R, S5 BRI LT RS A R 2 5O R 2.1,

B FC 0 AL IR SR AR 3647, D 1 el NEEATT T I RE S SR IB00 7 2 R 26
RERCR HIEM, JT LA 78 rh Rl LAE 75 2 BRI 5 4 10 A DY o st B — ot S5 AR <
BE M RRBBE U UL RS R IR I B /R ——5e SR ILACJR  (Perfect matching layer,
PML), 41 2.1 (a) HREOED R, 5ERILEE & HitE oM & 1 ooz
RS PTR FI , AESIIT 5T P T AR — Rl B 26 AR X0 55 116 DL, 32244k
BULE A5 7 N i 220 7 2 SRR 254 P00 e SR DL G 238 T T Ul A 2 75 S 2
8125, BILAERAETC IR IR 26 1 N BEAT I 7E o (EAE R I 7E T S8 SR LS R
ABWERT, Pt DAEEAL S FEAE IR I 7C ip A5 18 i B 5E SR UL =, 1T A2 A 144 7
SERAPLR TR O — FRF R T2 (RSO ARIAL I ) R S EILIRE Y I8 1) S 3ot At



FUAGHEIE IR 22, A5 S R AR A O e ELAR SR I 7 RIm, i 2.4 (b) Jir
e FEERILEEAFNE, %I FA G EAE T S A 84T /RS 4] 73
R 2.1 AR U RS R R 2 50k

SRS HAH CRAD SR X
E, 70 (Gpa) W IR 7
Py 2700 (kg/m®) I
o 0.33 ELVNEY
hy 0.004 (m) WS B
hy 1.4x10™ (m) HhC TS
L 0.8 (m) CELIGS
L, 0.2 (m) B B8
n 0.08 (m) o B AR
I 0.015 (m) k=R MOk = e
a 0.9136 B

(b)

] 2. 4 o ML I (a) 58 52 S5 IE R A0 7 MR MO 7R

(b) 2B 5 S0 0 75 25 B T 2 g
953 B ZE RIS, AT A T T ST R S S0 762 B B
B ORISR 7 BASTUSOTE 9 T LA 75 25 B R 5 M O WERR DU P 2 B — 5 140
0 PR B GOV B R BRI A U —— 56 35 ILRLE (Perfect matching layer,
PML), 11 24 (a) sHEe(aibiyfiias. se3EITRER R it Bt i R et 2



REA TR I FESIEIT 72 rp T ARy — Rl B 26 AR X0 55 B DL, 244k
BUAEAES h NI 5 220 75 2 R TR 25 4 1 e 1 56 SR DL RG22 I8 S8 0 A 2 15 S i
81 %5, BAULEIAETC IR R I A 260 N AT W5 . (BRI 3T 70 R 58 G LG /E i
ABEHT, Pt LAUEAL S FEAE I 5T 7C i AN 8 W B 5E SRIL G =, i A [T 44 7
AR TSR A R — PR IR AR (RO PRI ) SR SEBILIGE SR 0 S o 1F
TUAE G IR 22, A5 P S SRR AR A 0 ise ELAR SR I 7 RImT, 2.4 (b) Jir
o GERILIEAFRIZE, S FA T EAE TSI AR AT A% ) 7)o

ALUR AR T 25 B T AT AR N AR, R B S IR E I 92
S, JF HAEAE T SR 520 X P B AR SR AR, BT VeI R A A
A F LS o LA S IR A5 1 LT S 5 e = 5 805 2 IR R a8 AR
ANF]L BB AT, RAAE BRI LR 75 22 IR A T 5
RERICAR, Lzl 7 FEUn R -

1
U CUETE) S
27l | 129,(12 = 11%)

2.3.2 HrAU

B7F FE 2 DI SR AT P A #3 EREAT 1, TR Il 8y R 52 6 45 M Th B AS 2R
KU BTN o A XS ISR T, RS RT RE A 75 2 BRI A5 A B2 S LU IR sh 70 A,
LI R s K D07 (Hanning) & eR AU N UabIE, B (5 5 HRIE AN

f(t) = exp(=((t—2xT,)/T,) * 2)sin(2x pix f, xt) (2.14)
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