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Fig. 1. (a) Comparison of rough and smooth straight pipes; (b) comparison of two kinds of straight pipe structures in cartesian
coordinate system; (c) sound absorber structure of smooth neck Helmholtz resonator; (d) comparison of rough-curved and smooth-
curved tubes; (e) curve function of two kinds of bending tube inwall in polar coordinate system; (f) sound absorber structure of

rough neck Helmholtz resonator.
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Fig. 2. Finite element simulation of structures: (a) Finite element meshing model; (b) comparison of two structural theories and

simulation sound absorption curves; (c) comparison of the relative impedance realities of the two structures; (d) comparison of the

relative impedance imaginary parts of the two structures.
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Fig. 3. Sound absorption mechanism of Helmholtz resonat-

or sound-absorber in rough neck tube: (a) Distribution of
particle vibration velocity in smooth neck canal; (b) distri-
bution of particle vibration velocity in rough neck canals;
(c¢) acoustic energy dissipation density of smooth neck
tubes; (d) acoustic dissipation density of the rough neck
tube.
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Fig. 4. Effect of roughness on sound absorption perform-

ance: (a) Absorption spectra at different axial roughness;

(b) absorption spectra at different radial roughness.
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Fig. 5. (a) 2D schematic diagram of LBVA cell; (b) 2D
schematic diagram of R-LBVA cell.
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Fig. 6. Structure and results: (a) LBVA 3D section view; (b) LBVA-3D printing structure diagram; (¢) R-LBVA and absorption
curves of each absorption unit obtained by finite element simulation and impedance tube measurement; (d) R-LBVA 3D section
view; (e) R-LBVA-3D printing structure diagram; (f) LBVA and R-LBVA obtained by finite element simulation and impedance

tube measurement.

1109 Hz, 8 MR W& 3R IR 41 7E 0.95 DL L. If¥
ENTHAER, WB—A T 7250 0.8 LA 96
800 Hz MY vy W SR SC 505 BE— 8, (|
SR HCE TG R, YR S i IR 2 5
AT RE S TR A A 7 10 RS 25 FIORLRE B2 5 2 A
FHEH. WK 6(d) AHMEF 1, 7E1H E R
T, R-LBVA BA LT LBVA A{RAI RN 5 HF 300
R 7 1 B

# 1 LBVA HITiJLAZSE (B4 mm)
Table 1.  Geometric parameters of R-LBVA units

(in: mm).

Unitl Unit2 Unit3 Unit4 Unitd Unit6 Unit7 Unit8

d 2 2 2 2 2 2 2 2
R. 16 205 235 265 28 31 355 385
h 4 4 4 4 4 4 4 4
w 263 24 222 19 175 141 98 7.7
I 90 85 80 75 70 65 60 55
d 5 5 5 5 5 5 5 5
é 1 1 1 1 1 1 1 1

R TG  AMRETI LR & R-LBVA 7 2%
PEBE AR 27 BB A P BEAIL T, R BTk ST
T R-LBVA BYARXS 3 A W& 7(a) Fis. A
Yt 53 A FARXT S | P/ Po|, Po MABTIE 137,
HCRTLAE ), 5 LBVA AL, IR X6t 7
TR BT AR, I 2 AL TR R AR
BF, FEMR P S B TT I T R il AR A5 235 H) 1) Jpe A X 7
JE, PRIEIAS AL EARY 16 . X EHE R-LBVA
LRI AR R ER, SR IR
BIRDN, [RIA, DR i sl i a5 SR 5 B e AR Y
BETH & AR BN EE A, S EOUR REFEHL. S Ak, L
1109 Hz 4b W55 8 N HTT N i, #£ R-LBVA W fH
A 1 A - i 2 R R 43 A A PR RERE R R AR
Kl 7(b), (c) Fi7R. ATLLE W, B TPk oh i 24
HRTE ST 75 B, RELRE S50 b 41 3 38V 3
A B TR AR, PR R IREIEEE H 0.06 m/s
FRIBE A DX IS I S0 4 3 A L sl e e R 3 T LR i
A4, I W SRR IR 0 1 ) S0 P 4R rh &y 2],

224301-7


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 2 3R Acta Phys. Sin. Vol. 72, No. 22 (2023) 224301
(a) 439 Hz 472 Hz 531 Hz 606 Hz (c)
m-s~! W-m~3
o
0.05
0.04 20
702 Hz 817 Hz 957 Hz 1109 Hz 8 0.03
» w
0.02
4
0.01
2 5
0
3
) (d) — Simulation (e) — Simulation

» Experiment

V10 N A

/A I O R R, U S
300 400 500 600 700 800 900 1000 1100 1200
Frequency/Hz

» Experiment

Re(Zs/ZO)

—1 1 1 * Il * i f |f 1 f Il 1?
300 400 500 600 700 800 900 1000 1100 1200
Frequency/Hz

B 7 (a) R-LBVA £ UE{EMF T B AR K404 (b) 1109 Hz 4k R-LBVA 55 8 AN 75 B0 0350 B R 4R 23 BE 434 5 (c) 1109 Hz
4t R-LBVA 55 8 /> 75 B ST BT A 75 B AE #0843 41 5 (d) R-LBVA M9 AHXS BEHTETE; (e) R-LBVA HIAHXS BHT 57

Fig. 7. (a) Relative sound pressure distribution at each peak frequency of R-LBVA; (b) particle vibration velocity distribution at
the neck of R-LBVA sound absorption unit 8 at 1109 Hz; (c) sound energy dissipation density distribution at the neck of R-LBVA
sound absorption unit 8 at 1109 Hz; (d) imaginary part of relative impedance of R-LBVA; (e) real part of relative impedance of

R-LBVA.
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A low-frequency wideband ventilation muffler based on
an embedded rough-necked Helmholtz resonator”
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Abstract

Aiming at the unsatisfactory low-frequency sound absorption effect of Helmholtz resonator, a novel
broadband low-frequency ventilation absorber with rough neck is proposed. The roughness is introduced into
the neck of Helmholtz resonator to change the shape of the neck and achieve the structure of rough neck
Helmholtz resonator. The proposed absorber can effectively provide the acoustic impedance required for low-
frequency sound absorption without changing the overall size, thereby reducing the resonant frequency. The
finite element method is used to simulate the structure, and the impedance tube sound absorption test is carried
out to verify it. The experimental and simulation results show high consistency with each other. The results also
indicate that the rough neck Helmholtz resonator absorber with roughness introduced in the neck achieves an
absorption peak at 58 Hz, with an absorption coefficient of about 0.63. Comparing with the absorber without
roughness introduced, the resonant peak frequency becomes low, from 70 Hz to 58 Hz, reducing 17.1%.
Therefore, adjusting the neck roughness can serve as a method of tuning the acoustic performance, and the
absorption peak frequency can be adjusted by appropriately increasing the neck roughness so as to move it in
the low frequency direction. Based on the verification that the roughness of the neck can effectively reduce the
absorption peak frequency of Helmholtz resonator, a broadband low-frequency ventilation absorber with a rough
neck, which is composed of eight absorption units, is designed. Through simulation calculation and experimental
exploration, the absorption coefficient can achieve more than 0.8 in a target working frequency band of
500—1100 Hz. On this basis, the acoustic impedance of the structure can be adjusted by introducing roughness
into the neck of Helmholtz resonator, so as to obtain the optimized broadband low-frequency ventilation
absorber with a rough neck, which achieves a broadband sound absorption coefficient higher than 0.8 in a
frequency range of 400-1200 Hz. The optimized structure also has 8 consecutive absorption peaks with
amplitudes above 0.95. The proposed low-frequency broadband ventilation absorber provides a reference for
designing and optimizing efficient low-frequency subwavelength acoustic absorbers. It has a wide range of

applications in pipeline noise control.
Keywords: Helmholtz resonator, rough neck, low frequency sound absorption, acoustic impedance
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