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Control of Aerodynamic Noise with Suppression of Acoustic Feedback by Plasma
Actuators

Yokoyama, Hiroshi

3,700,000

Aerodynamic_noise can be radiated from a flow around a cavity. This is due
to the self-sustained oscillations with vortex shedding from the edge of the cavity. To reduce the
cavity tone, the control by a plasma actuator, which is composed of dielectric layer sandwiched by
electrodes and driven by high-frequency AC voltage, was conducted. Particularly, the control effects
by an intermittent control of the plasma actuator were evaluated in the wind tunnel experiments and
direct numerical simulations of flow and acoustic fields.



kX C—19, F-19-1, Z—19 (k@)

1. BFFEBHAG S WO 7
ZENEREROTNPLRET 2ETHY, HEOMSIIFEHD 6~8 FIILHIT 5720, it
O R AR BV A s O LI, ZEABEE IR RREE L 2o TS, RIS
B 1R R R BT i e 8T, RS ESHEEICERT 2 2 LIk o TAT
L - FEELT IR E O BBV TROVENRET D503 Y, T ORAEIED
IR FHE DML S L ETH 5.

b b _
R I i

FoET4ED
BB I —RNy (]

_6;%5
SE5BOFE

CLIENSBARE) |2y

B1 F¥ 7 4RI HRHPEFR LT PA I K D H#E OB

HIGE & IIFZERRME £ COMZEICB W T, i & FOESERMEHREZ AV, vy ET 1 £b
VO HEBIREIAEIC X 522 N ORAEBEICOVWTHLNILTE . ZOME, ¥yt
T 4 F OB S AT 5 2 L CREER S RA L, FES EIRICEEL, Sy e
T 4 Ak 2 miE T SR, FER T REC X Vg DX BT AMANICHD D &
LRDZLEIEADBRETLHZ L (FEFHNT7 4 — KR v 7)) BHLNTRoT-.

I, 28T IR T I Fax—F (PA) &IMHIND FAKSIET S A 2D AN
WFEENTND., AF AL ATFHBERNEBEICEENT-AEETH Y, K kV, HkHz O
WBIE - BAEORIMELEE 5252 8T, 77AREEL, BEHCL> TAELLIES A
DR 222 U EEN &R AET 5. BIEOIEAIL K » TEBIRENIENFRIC /R D Z &
T, K21TRT K D AR L72BRIZ, —EHMOWRNABFHELESND Z LR Dh>TnD.
PA X, DB/ N CHEMBE THH L DLRENER THH I L, QBEREENRE L
¥ kHz OZEHFOHIENCERATEE, )RR NRL A VT TV ARES 2 EOMEN G 31
AR W WO BERIE R S IOV THIZERED LTS, L LARB S, 2275
DN LT OB 2R I TFEIZ O W T IS STV R o 7=,

\Irii:ced flow
Top electrode

Plasma region

@ Dielectric layer
AC voltage source Botttom electrode

K2 77RX<77Fax—5PAEKK

2. WHEOHB
AT, BREAETOSF Y BT 4 Ba x4 s LT, iKHIET S AT s DBD

TITRRT VT ax—2EHNTxy BT 4 EOMURHETFEEZALNNITHZ E&H
B & LT, BEWRFERMNIZBWTHIE 2%, S OIZJEMEME Navier-Stokes S22
WAL E FOEBERRE S I LHENC X 20 « S50 LEH LT Lz, FFIZ PA BRE)



%@%%%ﬁ%mzék@’PA%%ﬁ%%éﬁ T a—7 ¢ b, MIRJEBEEL, BRE) A
WY BT 4 B ORI WOV, HERE ORI L 21T o7, &
7=, PA OF ﬁﬂ@bﬁbét%®mnﬁ%ﬁ%hk®io BT 20 E LT 5T
DIZ, JE LIcT —Z ISk U TR 7 — U 81217 5 2 & CTRIKRBRBIRE O FE L~ L
EHEART MLVORBEB AR L, &% ¥ BT 1 A7 —/UTBW TR 22 B R JE 3K
BOEMT AR~

3. WHEED Tk

3.1 FERE

FERIZIZ 3 (R RV 75 mm X 150 mm ORER T BREEE 2 V¢, EMEE Uy
=30m/s IZBWTHF v BT 1 £V OBREHES L ORNIGORIEETT - 7. ALY
¥ BT ¢ BRSO AR H b E L, WALS A x i, SRELT AN p Bl Ao mIC
zHhE LS. BREHIEICIZ x=135mm, y=430mm ONEICHE Lz~ A 774 BLO
B W, WG ORIEICIIBWR TG 2 AWe, EBRET MEF ¥y BT 0 A7 —
VDSHIBIZNRIZ 5 2 2 8B A R D 7o I EiR A MR 1 L=10,20,30mm, EI1X D=10,
50 mm & L TEREZITo72. £z, MAREMNBIER TH Y, BIERAIZET D 99 %ot
JEJE X1 6/L=0.055(Up=30m/s) TH5H.

X 4 \ZEBRTHW D PA OIS 2773, PA TN A~DEEE R/ NRICINZ 5720 % v
ET ¢ BIICHDIAT X O ICRRE LT=. PA OB EEBEMNE dy=1 mm, 4 EMmIE
di=3mm, ZEFEs=4mm & L7=. PA OHNNIAREEIXERENEEM Vyp=5.1-5.7kV,
BRENE AL fon =42 kHz & L7, MIXRHIEHOERITT = —7 1 b Re=0.25-0.75, HIKJE
W fi =10 — 400 Hz OFPA( v © 7 1 & OFAJE R HE 2400 Hz F2E) Tir-o 7=

Microphone =~ Eg__

Nozzle

430

Top clectrode @
Botlem electrode
Dielectric layer ! 3 4 .

e e >

[ ]

) et 0 z
* l e x 150 Cavity
3 SRERALERNX 4 PA B

3. 2 BEfEHTEEE

AL & OB BIR A FHLT 272012 3 ouEAENE Navier-Stokes SR L =11
X —RfFE KRR E L, Hidl ﬁ(%aﬂ% ié@@gﬁ%®%%%%ﬁﬁ0%
Mz 7. ZEMZEMITIE 6 IRKSE 2 /7 b A% — 200 (BERTIE 4 KSR, WERIRE I
WHEEEN 7 7 2% O CRERT 24T - 72

4. WFTECR
4. 1 FAEZOHIEZR
Xy BT 4N (L=20mm, D=10mm) {2\ THIES (/L =6.75, y/L=23.5) OALE



TOHFEANT MVERH L, X727 GEkeBiEh) K - FERERFCOEFEAT MLra
FERE & i Lz b o Z2ond. FERIERHCIT AR 1% (2500 Hz) (2BWTE—27ED ¥
YETABERBAELTEY, BEHEE LOEELVWEERME R —HK L TnD . Ehk -
HELCHLOREICEBWTY PA HIENCE > TH ¥ BT 4 HFOFIE L UL E BH O & i 5
DOFEEL L EFRREE TRESNTWD Z ERbhrs.

[ 6 |7 I e R Eh R 3o L OV K BREN I T oD PA THEYEE /) & 3 % E T 4 BN R OBR 4
AT KO St XM RBEENRE O R E B E EEE Ly BT s RS TERTELZ D
DTHD. HFEEREN A~ REEEIE DS OF — 2 I TICME L TBY, ZhiTHEE
NE LMz OOmOEIIERGESNTWD Z LN b0 s, £, X7 (CIXRIRJE R ED
HIER RN RN ET AR LD St=0.13 Theb KRERHIEME L7225 2 L Nbhb.
IRB R REEEIIF v BT A BRIKEFEL TRBY, BAETLIFYET A FORI Y
ERAET D Z L AR TN TS,

90 [T T T T 0
:: —s—Continuous
80 | st 4 Int, St =0.033
i"‘:I ok o Int., St = 0.067
70 3 i
2 1 =15
= co b = ° Int., St =0.13
— 60 |3 -20 i
B 5
w50 F < B
[ 30k
40 - 35
bl I T R S YR ¥ R
0 2000 4000 6000 8000 ) ' ) "
Frequency [Hz| Normalized power consumption, P,

5 JEHIEEF - HIBIRFOFEA 2 bv 6 PAH#EE S & L) O BIR

|
A Comp.
») O Exp.
59 4
[O
A
— [ A
) R
=
é 104 o -
7} o A
< oA
-15 F -
i 0]
_20 L 1 1 1 L

0.1 02 03 04 05 06
St.

7 FRRJABIEANE R RN B E



4. 2 NI B HIE R
IR IC L D PRIES N ZiNnG & EHER L TWD. KPP OETE I -

RIEFEBTH Y F v EF 4 EOJRIKN & 725 Z Rt RifitE 2R L TV 5. JKETRILICHE
XK 22 S A R LTV D ELRTEMIT SNEEERITENORIEZERLTE
, HIIRSRN, RIIEMmEEELTVD

X 8(a) & V) FEHIMBIRE 2 1LEE 4 TR SN IEE S PABRIC RN TR Y, SRR, TEMER A%
BELTNDZERDND. K8(b),(d) & Y KRR St =0.033, 0.50 (23317 2 HlEIRF 1L E I &
72 % IR TTHIIEE RO E > TN D Z ERDND. SHIZK 8(c) LV St=0.133 1281 Sl
T R TSI S I RIE R SN2V 2 L b D, Z O BIZEHE O B E OAREE) R 0
IR B B~ DARAFRE R & — L T D

/ Compression waves

Large-scale
vortices

P’ [Pa)

= 3.0

Expansion wave l 3.0
() IR (b) I (Sti=0.033)

(c) HHlIfEEE (Sti=0.13) (b) il (Sti=0.50)
8 FEMEHTIC LV FHIS NN & & F

4. 3 FERICET AR
AT LD PA OVEEE S % Wl Lo DR RN AT 2 R T ae 2 dil RiE &R L, £

AET 5 2 LN TE . SRR B OFET 5 Z L300, BAERENT &2 W TR
BEHENPORAEEDRMEND A=A L EBLE LI, S6IT, RFRICEY ¥ T 4 BIREZE
L SHZBRTII R e I R BN LT D 2 L bbohoT. BlEX, ZOZLE25BEL, £
YET A RABOEET =22 AMEE L7 0 — Ky 7 IS DV C b BT IC L 0 i
L, FAH ORI Z HER LT 2. AR i 0k B B 0 it (R B a s O ARER & kA ) 1 7 B
ORI R - BEERDICE BT D LIRS D



10 10 0 2

Saya Sato, Hiroshi Yokoyama, Akiyoshi lida 9
Control of Flow around an Oscillating Plate for Lift Enhancement by Plasma Actuators 2019
Applied Sciences 1-19
DOl
10.3390/app9040776
Hiroshi Yokoyama, Akiyoshi lida 66
Reduction of tonal sound from cascade of flat plates by controlling thickness ratio of 2018
neighboring plates
Noise Control Engineering Journal 375-387
DOl
10.3397/1/376632
Yuuya Tanaka, Hiroshi Yokoyama, Akiyoshi lida 431
Forced-oscillation control of sound radiated from the flow around a cascade of flat plates 2018
Journal of Sound and Vibration 248-264
DOl
10.1016/j . jsv.2018.06.013
s s 84
2018
1-16

DOl
10.1299/transjsme.18-00121




Hiroshi Yokoyama Isamu Tanimoto Akiyoshi lida

Experimental Tests and Aeroacoustic Simulations of the Control of Cavity Tone by Plasma 2017
Actuators
Applied Sciences 790 790
DOl
10.3390/app7080790
Yokoyama Hiroshi Adachi Ryo Minato Taiki lida Akiyoshi 10
Experimental and Numerical Investigations on Control Methods of Cavity Tone by Blowing Jet in 2017
an Upstream Boundary Layer
SAE International Journal of Passenger Cars - Mechanical Systems 13-21
DOl
10.4271/2017-01-1786
Miyamoto Takenori Yokoyama Hiroshi lida Akiyoshi 10
Suppression of Aerodynamic Tonal Noise from an Automobile Bonnet Using a Plasma Actuator 2017
SAE International Journal of Passenger Cars - Mechanical Systems 22-30
DOl
10.4271/2017-01-1825
48
2017
485 490

DOl
https://doi.org/10.11351/jsaeronbun.48.485




83

2017

1-16
DOl
10.1299/transjsme.16-00364
Hiroshi Yokoyama, Katsutake Minowa, Kohei Orito, Masahito Nishikawara, Hideki Yanada -
Compressible Simulation of Flow and Sound around a Small Axial-Flow Fan with Flow through 2020

Casing Slits

JOURNAL OF FLUIDS ENGINEERING-TRANSACTIONS OF THE ASME

DOl

8 2 6

Keisuke Otsuka, Hiroshi Yokoyama, Katsuya Otake

CONTROL OF FLOW AND SOUND OVER A CAVITY BY INTERMITTENTLY DRIVEN PLASMA ACTUATOR

International Congress on Sound and Vibration

2019

2018




2018

Hiroshi Yokoyama, Isamu Tanimoto, Akiyoshi lida

Experimental and Computational Investigation of Cavity Tone Controlled by Streamwise Plasma Actuators

The 6th International Conference on Jets, Wakes and Separated Flows ICIWSF 2017

2017

Isamu TANIMOTO, Hiroshi YOKOYAMA, Akiyoshi I11DA

Effects of electrode arrangement of plasma actuators on noise control in cavity flow

Inter-Noise 2017

2017

Hiroshi Yokoyama, Ryo Adachi, Taiki Minato, Akiyoshi lida

Experimental and Numerical Investigations on Control Methods of Cavity Tone by Blowing Jet in an Upstream Boundary Layer

SAE 2017 Noise and Vibration Conference and Exhibition

2017




Takenori Miyamoto, Hiroshi Yokoyama, Akiyoshi lida

Suppression of Aerodynamic Tonal Noise from an Automobile Bonnet Using a Plasma Actuator

SAE 2017 Noise and Vibration Conference and Exhibition

2017

Hiroshi Yokoyama

Control of aerodynamic noise radiating from cavity flows by introducing longitudinal vortices

the 2nd World Congress on Momentum, Heat and Mass Transfer (MHMT®17)

2017

2018

721

http://ec.me.tut.ac.jp/

https://ww.tut.ac.jp/university/faculty/me/666.html
Researchmap
https://researchmap. jp/h-yokoyama/

http://ec.me.tut.ac.jp

https://ww.tut.ac.jp/university/faculty/me/666.html
Researchmap

https://researchmap. jp/h-yokoyama/

ResearchGate
https://ww.researchgate.net/profile/Hiroshi_Yokoyama4
Google Scholar
https://scholar.google.com/citations?hl=en&user=bLpGKsSMAAAAJ







