) 32 % 3R Acta Phys. Sin. Vol. 73, No. 3 (2024) 034303

Janus-Helmholtz HEE S BUIRBIEE TS
BIRMEIBIE SR

= = s -
KAND  RAAVII FAEIN E I
1) (MR TR RS, KFEEOR 2 EE RS E, /KB 150001)
2) (HFEEAR BRI 44 Tl AE S AL FR S 3000 % (/RIS TR R2E), M/REE 150001)
3) (M /RUE TARRRFK RS TRESEBE, MA/REE 150001)
4) (F BWRRIE TRRAEIHR R G, F8  266000)

(2023 4£ 8 1 HUk#; 2023 4£ 10 A 20 Bl BHEH)

Janus-Helmholtz # G %% F1| FH 9K 7 3% T 2 1) i 9% 5 Helmholtz i 3R I 10 SRR G, BA KIR | 56y
FE R BTREIE AR G0 W A g e 9 i v ARROBAE S I 05 X 7 VAR T A AT v A i 0 X 7 G\ B Bl 1 R AR
SR R f 1 S A 98 R IR G510 7 5F . A L 45— H Janus-Helmholtz G845 52 I AL ALY SE 00 25 21, 42 4%
RUCHL VR A5 G A BR TR 23 A 0 R M T 3K S Ak O\ Il A5 2 i B A%, 1 A BR T ¥6 43 1T 9T oK fi# T Helmboltz
IR I B IR IR IR AR AR A R R, S AR, Sl & b5 1AM 18R G Sy IR S R 7 i A 1 iR,
5 2 iR 1% Sl Helmholtz 18 4R 5 A9 WRUEE I IR ; Janus #e GE 4% 4 A4S KR ST 48 5 1t 47 fe 8 ] 00 4 S o 1 e 3
N 1ial I B 9 R AT AR AE K PO BE TR B B9 AL Janus-Helmholtz #e BE S H A7 75 P> 55 B 9 Helmholtz JE4IR I
AR AL G IA S U AE — A 2R HR i . 3% 8 2598 5% F 1E 8 A I Janus-Helmholtz 6 8 %5 1) 45 44 S P RE 4 14 Al 2]

TIEAFBEAPER], o e AL QIR % BE R A 45 F | i e RE AR A 75 A SRR PR (It T HOR SCHE.

K$#A: Janus-Helmholtz 8%, IETRIIIA, SFR0H BRI, FRi BT

PACS: 43.38.4n, 43.30.+m, 43.40.+s

H i, 7K P 5 Be e 1 i IO . R | /Al
b Sl FK TAERY 3R e 1. 8 WLy JLFPK
FLRERS, U1 Tonpilz #RAERS . 55K ERBERS | 1M
B DL b sl X R 2 5, 1 T (] e i A2 AR
KIF NS el L ROK TAER RS K. Tonpilz
e A HAT R | 58 MK TAEMRRM:, EA%
45 Tonpilz #BESH AT T ik RERTBEAS LU/
ROF SEBRAR KR I R K58, AH TAEREEZ B ; W
S RE A ARV | R H AR & 4T, (IR

t iBIE1E#E . E-mail: sangyongjie@hrbeu.edu.cn
1 BIE1E#. E-mail: chenyongyao@hrbeu.edu.cn

© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20231251

Ot B TARREEA L.

20 40 90 44, Le Gall %4279 Janus-Hel-
mholtz i GEAFHE TR, KIF Faar L K T
VRS 20, i A5 AR IO B2 7558 A | R M ST )
BRAESTIAS 3] T T 12 W A 78, Janus-Helmholtz it
Ay EE LA HE— H Janus #5848 A 5] 75
TR, Ford Janus #eRE #% 2 Fh 8 5T 354 L TN )
YERA L PZT i M A0 e 8] Joi 2t B ) B i) BUTA] 4 SR L
e sh#e g4 . Janus-Helmholtz 85 %% 7£ 7K F T AE
F, Sahith4e b AR, H— IR ik 1k
Pk, B Janus #AEASAIIESIE R, H =8 Helm-
holtz T 4R IE A0 IE BT IR . WP 1 IR F 3K 3h PR

http://wulixb.iphy.ac.cn

034303-1


http://doi.org/10.7498/aps.73.20231251
mailto:sangyongjie@hrbeu.edu.cn
mailto:sangyongjie@hrbeu.edu.cn
mailto:chenyongyao@hrbeu.edu.cn
mailto:chenyongyao@hrbeu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 3 (2024) 034303

FU A, PRSI IR A 1540 e AR BRI 5
Wi & 5. BT Janus-Helmholtz - BE#S 4544 |
)3 i S, I TARTRBE ALk BTk Hiy, BN
A %1 37T Janus-Helmholtz i §E 7 B 36 il 285
1, $2 T Z R0 A5 A LA Y 5 08 0 A
B TR IRFAE O BFSE T S X P A R AR A
B S AP EAE DO B8 T —Fh B SE AR
Y Janus-Helmholtz 5 BE % >4 14 55 19 Fh 187 Hi %) 4
Fry A M BESE T i Fe H B % B 45 T Janus
LR ER B Y Janus-Helmholtz #GE &S IPERE: $2K
AN 20 45 38 A 30 & MR e SR e e A 1 AR
WL, Wit T —FhSMEE Janus-Helmholtz g
iy ARG ) A S ) 1 g 12,

RS R 1A Janus-Helmholtz #t fE #%
MM 2 I, FEARMIAL B9 5E 1 A I8HIR R VR
P, TR AL S 2 AT IRJE IR SR 1 B A 1) 3
P, XAPEEL A R A

1) Janus-Helmholtz # G i (14 1 1 JE AR Ik
22 ML) Helmholtz Z5#44, wELLA FH 28 s 28 44 (1)1 PR
WA R MRS B O TR s T R AR BB . WP
FEE TR AN Helmholtz W IEYR: H
T AR PR AR P AR 2 I T 3K Bl i 1) S
BEaE, PRI T TR A 53 I T B SR 1 1R

2) HLFINZMEE 1AM PRIG LA g, X 5
W EIR B RRHEARAT . BeAh, A 1
PRANAFGEANT Janus #REAFFE S P A 4R 50
AT RA . B TAR G IR SN BE 4% O F 52 45
IAIR B4 BE A5 A9 DA ) T RN 23 2R 7K R e
TRE.

SR, LI ZE R WoR LR S50 7 7E 5855 Le
Gall % 1 /£ Helmholtz I 4 i tH 158 TIPS 5

(a) TR AR
Pl

— L

— J5 A

— > T FL S HE

A IR
7

i

A
= L\

L TR | s
0° J [ B tmmms — msm

L, TS JUBRE| | sk

SEHRAT TR, B 2 DSR2 RS B 1 5
i B 5 55 FE 380 M 765 % 0 e s PR A ) A
AR EL T AR SO 2 R YR S VS IR AT
R EESEL, AATEEP VSRS T —For
MRS PTEHRIA N IR 30 5 ISR S AR &
TR, BRI PR AR ) BT R K Sl R A A
XA 1 AME RIS =252 e, Ik SR 19
B2 BT St I A ) L PR A ) 2 A 2 MR
WA A R SR, SO I AR X i — A T
HEA BRI RE.

ARILHFTF— Janus-Helmholtz FEHIFR RS, fifi
FHAERC R B A FROT S E T Janus-Helmholtz
P REw RS A B &R, (X IR SR T AE
K TSR AT 3 KR B R R R IR 1Y) Helm-
holtz W B IR A4 o S LG 45 th A . SR 4G
AT LU X Janus-Helmholtz 8 g #5% 45 14 K 1
AERE S OB, T HXF 3% Janus-Helmholtz #:1E
AR R R b AR S .

2 Janus-Helmholtz # g8 25 £,

AR SCH#H Janus-Helmholtz e fE 2% £ HL 1K)
AR B SR 43 il 1(a), (b) Frs. 3C
K [14] 7 EXF 5 BE A AE ML G BE S HE A 7140 )
PN E AR 34 TIE 45 Janus
TEFRBE RS 19 THIAHIE . W AR B PN RE 5 e 5 5 A A 2
B2 B EA —E 3 mm AOBRAE, LIBH IR 8 55 A
M A, R A i SR e 7 ok S B
K. s i RSP PRS- an sl 2 s, Hefe
1) FE LS5 A8 RS A R A BT PR R S cin 2k 1—
72 3 A, FERLAY K BRI R AR 53 3M 0.436 m
F10.316 m.

(b)

B 1 RS EEALIN A iR B B (a) S5H7R AL (b) BT
Fig. 1. Structure diagram and photo of the prototype: (a) Structure diagram; (b) photo.
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1 HBERRIINST (BAAL: m)

Table 1. Dimensions of the transducer (Unit: m).

T1 T2 T3 T4 5 ty

ta t3 ty ts I l2

0.05 0.035 0.145 0.148 0.158 0.025

0.11 0.008 0.065 0.01 0.08 0.138

# 2 HRERR IR HAORLE

Table 2.  Material properties of metal used in the transducer.

Wereaeib it 5 p/(kgm~3) ¢/(ms1)
v i) B g A 7900 4940
AR TR | A B4R 2700 5150

%3 JRALAHE PZT-4 BbHRE Y
Table 3.  Material properties of PZT-4 used in the transducer.

cf /GPa  cf,/GPa  cF,/GPa cE,/GPa  cf,/GPa

631/(C)n172)

e33/(C-m~2) e15/(C-m~2) €33 €11

139 7.8 4.3 115 25.6

5.2 15.1 12.7 35 30

|—— 75 ————>
74 ——>
— 73—

B2 HereRs iy 1/2 B R H R SHRRIR

Fig. 2. Half transducer and its dimensions.
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Fig. 3. Test and simulation results of conductivity.
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Fig. 4. Modal analysis results and admittance curves of the
Janus-Helmholtz transducer in air: (a) Modal analysis res-

ult; (b) admittance curves.
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Table 4. Comparison of resonance frequencies of

several typical longitudinal vibration transducers in

air and water.

ISR

KR

ik Wi fra [kHz B fry [KHz v/ /%
[15] 13.2 12.7 96.2
(16] 6.6 6.0 90.9
[17] 3.05 2.50 82.0

[12,13] 2.24 1.14 50.9
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Fig. 5. Electromechanical equivalent circuit of the half Janus transducer in water.
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Fig. 6. Theoretical result of admittance in water using four-

terminal network equivalent circuit.
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Fig. 7. Equivalent circuit of the Janus transducer in air:
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(a) Electrical equivalent circuit; (b) electromechanical equi-

valent circuit.
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Fig. 8. Electromechanical equivalent circuit of the Janus

transducer in water.
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Fig. 9. Structural comparison between Janus-Helmholtz
transducer and typical longitudinal vibration transducer:
(a) Structure diagram of Janus-Helmholtz transducer;
(b) structure diagram of typical longitudinal vibration

transducer.
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Fig. 10. Radiation mass comparison between Janus trans-

ducer and typical longitudinal transducer.
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Fig. 11. Finite element model and acoustic modal analysis
result of the Helmholtz resonator: (a) Finite element model;

(b) acoustic modal analysis results.
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Fig. 12. Finite element model with radiation mass and ana-
lysis results of the Helmholtz resonator: (a) Finite element

model; (b) acoustic modal analysis results.
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Fig. 13. Two equivalents for solving the Helmholtz resonance frequency: (a) Correct equivalent; (b) incorrect equivalent.
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Fig. 14. Janus-Helmholtz transducer with unequal length housings and harmonic analysis simulation results: (a) Structure diagram;

(b) harmonic analysis simulation results.
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Abstract

Janus-Helmholtz transducer has the characteristics of high-power and broadband transmission due to the
coupling between the longitudinal resonance of the driver and the liquid cavity resonance of Helmholtz
resonator. Traditional view holds that the low frequency resonance peak in the transmitting voltage response
curve in water is fluid cavity mode of Helmholtz resonator while the high frequency resonance is the
longitudinal mode of Janus transducer. However, in the past few decades, a large number of experimental
studies have found that this conclusion is questionable. This work is to distinguish the two resonances in the
response curve and the two vibration modes of Janus-Helmholtz transducer. Based on the Janus-Helmholtz
transducer prototype reported in the literature, the resonance frequencies of the vibration modes of Janus-
Helmholtz transducer are studied theoretically. The structure dimensions and material parameters of the
prototype are listed in detail. The test results and simulation results of conductivity are also presented. The
longitudinal resonance of the driver is determined by using the equivalent circuit method and finite element
analysis. Radiation masses of both Janus transducer and typical longitudinal vibration transducer are also
calculated to analyze the phenomenon of the sharp decrease of longitudinal resonance frequency in water.
Acoustic modal analysis by using ANSYS software is performed to investigate the resonance frequency of
complex Helmholtz resonator in Janus-Helmholtz transducer. Correction length on the vent introduced by
external fluid sound radiation is used to obtain the accurate Helmholtz resonance frequency. The sound pressure
distribution of Helmholtz resonator obtained through finite element method is investigated, and the correct
equivalent formula for solving the Helmholtz resonance frequency is obtained. The results reveal that the first
resonance in the response curve is driver resonance while the second one is Helmholtz resonance, which is
contrary to the traditional view. The considerable reduction of driver resonance frequency in water is mainly
due to the large radiation mass on the four large radiation surfaces of the Janus transducer, which also causes
the sharp response of driver resonance. In Janus-Helmholtz transducer, there are two Helmholtz resonators with
the same size, instead of only one resonator in the traditional view. The two resonance frequencies solved by the
method proposed in this work are in good agreement with the test and simulation results. These conclusions
play an important role in correctly understanding the structure and characteristics of Janus-Helmholtz
transducer at source, as well as provide technical support for structural optimization and innovation, thus
improving the acoustic emission properties of the transducer.

Keywords: Janus-Helmholtz transducer, resonance frequency, equivalent circuit method, radiation mass
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