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Fig.1 Flow characteristics of pump-jet propulsor
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lar surface
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Fig. 21 Comparison of far-field radiated noise directivity of indi-

vidual components of the pump-jet propulsor with metalic
and porous-media stator blade leading edges
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metalic and porous-media stator blade leading edges for

the pump-jet propulsor and its components
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Fig. 24 Comparison of streamwise velocity profiles at the S1 sur-

face under different porosities
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Fig. 30 Comparison of effects of porous-media leading edges on
SPL spectra at monitoring point P5 of the pump-jet propul-
sor under different advance coefficients

1) J 73 Bk ah 45 i S 45 R R W, 7 T4 I BE T
DX, 22 AL A TR 5 PN 2l 20 15 5 350 67 T AR
B/, BB 3 U s i B 50 0 A T A, R A
BRI T X S E T R e R, O —
W I 1A B e 2 A3 3 T /Y S A BE T T ) Bk Sl
Vig

2) G 37 W 7 R T G BT 23 B 4 R W, A
e BT ERE I 1), 2 FLA BT G AL TR
M HE A5 AT 0 B 2 AR T 119 B R 73, A
T 12277 1) B4 W P P T ) A e AR 7 9020 A
SEIR AT, R H 2 ALY Rl Sk 2t A i Bh P 2
Je, A5 W PR PR TR G B R R ) ) R
T T PR S A R P P T 0 Y AR L A BE T 7 IR
(i e S L S = 1 A

3) ARLETRIBIFELE R LW, LR £=0.8
1% 22 FL A J5 T 25 0] S5 A 4 45 ) 0 37 4 A5 e i
e LT R BT 1) 55 1 B R R R B B R
Oy PR HROR i o RIS [R] 2 3 2R B0 e 23 B



254 “OK T RNRG MR AR % 5

2026 4F

SR, R T 2 FLA BT G A A [R] R R R
T P REAT 2R AR A 1k A W, LT Dl o A 4
bfs AN, (e BRI RBOERAE T, 2450 BT
Xk 2R M A 45 R P P s 2 I ARG 75 3 ) 42 o)
ROR S

0 LTIk, ABER L T 2 LA BUE T TS
TEZK ) W P i T AT . FORTE E A G
ST RV, IF T RIIT R S 2 sk R L g,
— IR LT AR S R

S % k-

[1] LANGTHJEM M A, OLHOFF N. A numerical study of
flow-induced noise in a two-dimensional centrifugal pump.
Part I. Hydrodynamics[J]. Journal of Fluids and Struc-
tures, 2004, 19(3): 349-368.

[21 LANGTHJEM M A, OLHOFF N. A numerical study of
flow-induced noise in a two-dimensional centrifugal pump.
Part II. Hydroacoustics[J]. Journal of Fluids and Struc-
tures, 2004, 19(3): 369-386.

[3] HUTTER C, ALLEMANN C, KUHN S, et al. Scalar
transport in a milli-scale metal foam reactor[J]. Chemical
Engineering Science, 2010, 65(10): 3169-3178.

[4] SUEKI T, TAKAISHI T, IKEDA M, et al. Application
of porous material to reduce aerodynamic sound from
bluff bodies[J]. Fluid Dynamics Research, 2010, 42(1):
015004.

[51 GEYER T F, SARRADIJ E. Circular cylinders with soft
porous cover for flow noise reduction[J]. Experiments in
Fluids, 2016, 57(3): 30.

[6] NAITO H, FUKAGATA K. Numerical simulation of
flow around a circular cylinder having porous surface[J].
Physics of Fluids, 2012, 24(11): 117102.

[71 LIU HR, WEIJ J, QU Z G. Prediction of aerodynamic
noise reduction by using open-cell metal foam[J]. Journal
of Sound and Vibration, 2012, 331(7): 1483—-1497.

[8] LIU H R, AZARPEYVAND M, WEI J J, et al. Tandem
cylinder aerodynamic sound control using porous coating
[J]. Journal of Sound and Vibration, 2015, 334: 190-201.

[91 LIU HR, AZARPEYVAND M. Passive control of tandem
cylinders flow and noise using porous coating[C]//Pro
ceedings of the 22nd AIAA/CEAS Aeroacoustics Con-
ference. Lyon: AIAA, 2016: 2016-2905. DOI: 10.2514/6.
2016-2905.>

[10] LIU H R, WANG Y G, WEI J J, et al. The importance
of controlling the upstream body wake in tandem cylin-
ders system for noise reduction[J]. Proceedings of the
Institution of Mechanical Engineers, Part G: Journal of
Aecrospace Engineering, 2018, 232(3): 517-531.

[11] BOWEN L, CELIK A, WESTIN M F, et al. The role of

porous structure on airfoil turbulence interaction noise

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

reduction[J]. Physics of Fluids, 2024, 36(2): 025113.
BOWEN L, CELIK A, ZHOU B, et al. The effect of
leading edge porosity on airfoil turbulence interaction
noise[J]. The Journal of the Acoustical Society of America,
2022, 152(3): 1437-1448.

CHAITANYA P, JOSEPH P, CHONG T P, et al. On
the noise reduction mechanisms of porous aerofoil leading
edges[J]. Journal of Sound and Vibration, 2020, 485:
115574.

OCKER C, GEYER T F, CZWIELONG F, et al. Per-
meable leading edges for airfoil and fan noise reduction
in disturbed Inflow[J]. AIAA Journal, 2021, 59(12): 4969—
4986.

XIBUAT, BRI . 22135 3 25 1 52 i R S W 75 11 X o
[I]. Wizs 24, 2017, 38(6): 120746

LIU H R, CHEN N S. Test on effects of porous perme-
able section on trailing edge noise[J]. Acta Aeronautica
Sinica, 2017, 38(6): 120746 (in Chinese).

XIDUAR, EHER, TRM. Rk 2 FLEE MR Shiz il S md i £k
BT [9]. PEAE Tl 22440, 2017, 35(1): 103—-108.
LIU H R, WANG Y G, ZHANG J. Numerical simula-
tion of the effects of porous-trailing-edge on flow con-
trol[J]. Journal of Northwestern Polytechnical University,
2017, 35(1): 103—108 (in Chinese).

TERUNA C, AVALLONE F, RAGNI D, et al. Numeri-
cal analysis of a 3-D printed porous trailing edge for
broadband noise reduction[J]. Journal of Fluid Mechanics,
2021, 926: A17.

SUTLIFF D L, JONES M G. Low-speed fan noise at-
tenuation from a foam-metal liner[J]. Journal of Aircraft,
2009, 46(4): 1381-1394.

SUTLIFF D L, JONES M G, HARTLEY T C. High-
speed turbofan noise reduction using foam-metal liner
over-the-rotor[J]. Journal of Aircraft, 2013, 50(5): 1491-
1503.

SUTLIFF D L, JONES M G. Foam-metal liner attenua-
tion of low-speed fan noise[C]//Proceedings of the 14th
AIAA/CEAS Aeroacoustics Conference. Vancouver: Al-
AA, 2008: 2008-2897. DOI: 10.2514/6.2008-2897.

XU C, MAO Y J. Experimental investigation of metal
foam for controlling centrifugal fan noise[J]. Applied
Acoustics, 2016, 104: 182—-192.

XU C, MAO Y J, HU Z W. Tonal and broadband noise
control of an axial-flow fan with metal foams: design
and experimental validation[J]. Applied Acoustics, 2017,
127: 346-353.

LIU N T, JIANG C Y, HUANG L X, et al. Effect of
porous casing on small axial-flow fan noise[J]. Applied
Acoustics, 2021, 175: 107808.

JIANG C Y, YAUWENAS Y, FISCHER J, et al. Con-
trol of rotor trailing edge noise using porous additively

manufactured blades[C]//Proceedings of 2018 AIAA/CE-


https://doi.org/10.1016/j.jfluidstructs.2004.01.003
https://doi.org/10.1016/j.jfluidstructs.2004.01.003
https://doi.org/10.1016/j.jfluidstructs.2004.01.003
https://doi.org/10.1016/j.jfluidstructs.2004.01.002
https://doi.org/10.1016/j.jfluidstructs.2004.01.002
https://doi.org/10.1016/j.jfluidstructs.2004.01.002
https://doi.org/10.1016/j.ces.2010.02.002
https://doi.org/10.1016/j.ces.2010.02.002
https://doi.org/10.1088/0169-5983/42/1/015004
https://doi.org/10.1007/s00348-016-2119-7
https://doi.org/10.1007/s00348-016-2119-7
https://doi.org/10.1063/1.4767534
https://doi.org/10.1016/j.jsv.2011.11.016
https://doi.org/10.1016/j.jsv.2011.11.016
https://doi.org/10.1016/j.jsv.2014.09.013
https://doi.org/10.2514/6.2016-2905
https://doi.org/10.2514/6.2016-2905
https://doi.org/10.2514/6.2016-2905
https://doi.org/10.2514/6.2016-2905
https://doi.org/10.1177/0954410016682271
https://doi.org/10.1177/0954410016682271
https://doi.org/10.1177/0954410016682271
https://doi.org/10.1063/5.0186501
https://doi.org/10.1121/10.0013703
https://doi.org/10.1016/j.jsv.2020.115574
https://doi.org/10.2514/1.J060396
https://doi.org/10.7527/S1000-6893.2016.120746
https://doi.org/10.7527/S1000-6893.2016.120746
https://doi.org/10.7527/S1000-6893.2016.120746
https://doi.org/10.3969/j.issn.1000-2758.2017.01.016
https://doi.org/10.3969/j.issn.1000-2758.2017.01.016
https://doi.org/10.1017/jfm.2021.704
https://doi.org/10.2514/1.41369
https://doi.org/10.2514/1.C032021
https://doi.org/10.2514/6.2008-2897
https://doi.org/10.2514/6.2008-2897
https://doi.org/10.2514/6.2008-2897
https://doi.org/10.1016/j.apacoust.2015.11.014
https://doi.org/10.1016/j.apacoust.2015.11.014
https://doi.org/10.1016/j.apacoust.2017.06.018
https://doi.org/10.1016/j.apacoust.2020.107808
https://doi.org/10.1016/j.apacoust.2020.107808

55 2 3] A A [ 45« FE T 2 AL A JBUE T il 2 Y 2 WA ok 48 P R T 5 255
AS Aeroacoustics Conference. Atlanta: AIAA,2018:2018— nese and English).
3792. DOL: 10.2514/6.2018-3792. [29] P, RTEE, SMT R, 45, BB RO T SR IBHE IR Y
[25] BOZAK R F, DOUGHERTY R P. Measurement of noise S5 R R 07 K7 G M P R PERIE Y (], P EAR AR AR 5T, 2025,
reduction from acoustic casing treatments installed over 20(5): 150-159.
a subscale high bypass ratio turbofan rotor[C]//Proceed- LU B, SONG B Y, HUANG Q G, et al. Study on struc-
ings of 2018 AIAA/CEAS Aeroacoustics Conference. tural response and flow-induced noise characteristics of a
Atlanta: ATAA, 2018: 2018—4099. DOI: 10.2514/6.2018- composite rotor pump-jet propulsor[J]. Chinese Journal
4099. of Ship Research, 2025, 20(5): 150-159 (in Chinese).
[26] XIONG Z Y, RUI W, LU L Z, et al. Experimental in- [30] SCZE. T AL B 0 S W4 0 8 U ol 5 Wt 7 42 1 0F
vestigation of broadband thrust and loading noise from 7% [M]. I SRR K2, 2025,
pumpjet due to turbulence ingestion[J]. Ocean Engineering, WEN H. Investigation of flow and noise control of pump-
2022, 255: 111408. jet propulsor based on porous medium[M]. Wuhan: Hua-
[27] FEKRAE. WEKHESE RIS WEHESE AL bk | R S X zhong University of Science and Technology, 2025.
5 [9]. v EALARITSE, 2019, 14(5): 1-9, 41. [31] HESE, WK, Pabng, 5. RBUE TESE i 7
WANG Y S. Concepts of waterjet propulsion and A & 1 E TR EE S 0], T E AL 5T, 2023,
pumpjet propulsion: their common characteristics, spe- 18(6): 21-29.
cial characteristics and differences[J]. Chinese Journal of TANG W H, HUANG X C, RAO Z Q, et al. Numeri-
Ship Research, 2019, 14(5): 1-9, 41 (in Chinese). cal investigation on unsteady force suppression of pump-
[28] WL, SHUUMR, WRIA, 45, WP I8 L & A e ) 2 It 4t jet rotor by oscillating stator trailing edge flaps[J]. Chi-
A B IR FENRRCR AT ST (1], h RIS, 2025, 20(5): nese Journal of Ship Research, 2023, 18(6): 21-29 (in
103-112. both Chinese and English).
ZENG L, HAN H Q, PAN Z, et al. Investigation of the [32] BHUSHAN S, ALAM M F, WALTERS D K. Evalua-
influence of vortex-generator array on vibration and tion of hybrid RANS/LES models for prediction of flow
noise reduction of pump-jet propeller[J]. Chinese Journal around surface combatant and Suboff geometries[J].
of Ship Research, 2025, 20(5): 103-112 (in both Chi- Computers & Fluids, 2013, 88: 834-849.

Study on noise reduction of pump-jet propulsors based on
porous media stator leading edges

ZHENG Jianguo', WEN Hao, MAO Yijun

School of Aerospace Engineering, Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: [ Objective ] To suppress hydrodynamic noise at the source, a noise reduction method for pump-
jet propulsors based on porous media is proposed. [ Methods ] By replacing the metallic leading edges of the
stator blades of the pump-jet propulsor with porous materials, the interaction between the blade wake and the
inner wall of the duct can be effectively modulated, thereby reducing wall pressure fluctuations. Large eddy
simulation (LES), combined with acoustic analogy analysis, was employed to investigate the flow characteris-
tics and noise control performance of the stator blades with porous leading edges. The mechanisms by which the
porous media modulates the flow field and suppresses noise were analyzed, and the effects of key parameters,
such as porosity and advance coefficient, on hydrodynamic noise control were examined. [ Results ] Compar-
ative results indicate that the porous leading edges of the stator significantly reduce the low-frequency sound
pressure level components on the duct wall and the far-field radiation noise. The maximum reduction in the
sound pressure level (SPL) reaches 5.52 dB in the direction perpendicular to the rotation axis of the pump-jet
propulsor. [ Conclusion ] The findings of this study provide useful guidance for flow control and hydrody-
namic noise reduction in pump-jet propulsors.

Key words: pump-jet propulsor; rotating machinery; stator blade leading edge; porous media; flow con-
trol; noise abatement; noise reduction
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