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A Study on Turbulent Frictional Resistance Reduction Method by Suppressing
Turbulent Fluctuation Using Acoustic Streaming Radiation
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The piezoelectric material is BGO, which has a surface wave sound velocity
similar to that of water, and a unidirectional type circuit is used to develop an acoustic flow
radiation type flow field control device that can radiate acoustic flow in one direction at an angle

of about 30 degrees from the wall surface. The V-shaped electrode type shear force meter was
developed to evaluate not only the absolute value of shear force but also the direction of shear
force by forming a rectangular electrode and arranging it in a V-shape.

By combining these devices, flow field control experiments were conducted in a channel flow.
V-shaped electrode shear force gauges were installed on the upstream and downstream sides of the
acoustic flow control device to measure the shear force during flow field control. In some cases,
the shear force decreased both upstream and downstream of the acoustic flow control device,
confirming that the flow field control can reduce drag.



B X C—19,. F—19—1, Z—19 ({38)

1. WFZEBIAE Y D =

WFEBR AR Y IRE, [E BRTE RS (IMO) Tl MEF 2B I T 2IRE R T A OfRHEH &% 2050
& TIZ 2008 D 50%IZHITHT 5 Z & 2K BAZIZED TE Y  fRfnEE 72 548 = 3 (LD 3EH
FERENTWE GRETIR. W EWEOI—AR =2 — bR BEEL SR LT,
AN E = R E~DERETFIZFE L o TETWD,), — . MOEEH D 70~80% % FL
TGN 5D 5720 I E R E = Mb L, IREZD RS A OPEHEI B IE 2 2R T 5
7202 iE, SLIREEEH 2 KT 2 FEORBE R MLERAI R TH 5, YUl (BELZ H725,).
B O ELFE BRI A B3 5 EAL S TV A FER L., e EE L ZOFEBICHBR L7222
KIEBEORTH -1,

Z D, AFFEARRF L, 2 < B LD ELTREBHRBL ORI & U<, B2 7e g ok mrse (i
3F) [TRPEREP T X0 WK D & B3 2 328505 2 O 72 BLIEBHRBUREIE O 78 ) (AR
30 FE~DTHEE) (LT, $kprge (W25 &itd.) I8V T, MERRE LV, WikEE
T DFERR T AN YTV BE OS82 F AR S, BLIREE U@ (2823 2 BE IR UL 65 D Wi I % 15 H2 ) A
L. GELIBE AU N O AR OFEM 21T 5 Z & T, SLIREEHKHURE & /T HEI 3 2 8 7= 72 58
AR HIE T S 2 2 B3 LT,

— 7 WG5S 3 W RRE T | HR D 7= BRI L 0 JEENE L WEEED T S a U— (S &
WEBATIRE EEROE(LE UCEHI LS 295 2 & 23 CT& 2 B 5T /5128 &
B LT,

Z T, IS OB ST SRR & B B BRI T N A A L E A A R CHE
R ELIR S IEIRE S AT LR T 2 & L L,

2. WO HB

R DA IRCHEREZS D JE 0 (XELIMBE R BB EL TRV, HEICKLE LRI = XL X —DK
YENRTEE SN TND, D7, MEHEERR 2 EOF MmO EERSG 2HE L, MELICEE S
NNV X—%HIHT 5 Z ENTEIUL, SIORABRE IV X—TFE LD, LN L
REAUCIE, K& BE D> D B Y & HilE 3 2 EANFEUIFEHR I TO2RUY,

Z T, BB RUBIN OELIREE A BB 0 HHIET D Z & AN TE BF M X B
HAEN T S A R & BRI BT ) A BA%E U, s HEIC K 0 SLIREERIRT ORI & AR & 5 1
WaEEETHZ AR E LT, A2 LT,

3. WD IIE

BEIENZ I - 7oA B B 2 — 7 AN U C & 2 5 B U BRGRSG w7 S A A &2 B35
7o, JEEMEI O AT L, B OMBEY G FIEERE L, £ ORRE I, FE K
SRR HRAE T /N A R A 3R EE - BUWE Uiz, SUE U7 BB iU B 7 /A A OE A T8 %
FPFEIL, EARREZ R L, 20%, ELOKIEIZI T, §ik L7zKoO i THEETE DL
SRR AITV, PIVEHANC XV | WSEZ5H U, {FEhRE O E 2R AU O Rtk 2 30 A L7z,

ST ) OMERHIE 721 TR . FIM L EHAIN T D X O IR EMmAE V FREE S L VFE
RIS 715 % s 3 5 72 | RO — R TO ST I EHARE, AEO SV it To
Koz | S EMDIZIR/NT A —Z DNEHARERIC G 2 2B LA Lz, £72 VFEMTE
B ST FERD S SR OfE & FZ2 7T 2 FIEICOWTHRF LT,

HRGTE RS T S A A &V O FERA BT ) G A A A R T I S A T A %
TEL, v R & R AE S b o/ M E s B PNIC R E L C, SLI Iz 31 2 it hil i 55k &
1T-o7,

4. WF7ER R

(1) BB RS EE T A 2 D B%S

BRI X BERNCHET 2 KICIEBAER C©& 2 T8RRI T A A &A% Uiz,
INET, FERZKTIHFTD720DFT A4 2L LTE IFEALEDOBAICBWT, JEE
MEHZ =7 Y F 7 A (LiNb03) Z FVy, FPER W 2384 S 5 EIEKIC IDT 2 U 7o sk 3R
AT S, AN TE T, TR EBEmOTREAKT AT, DR EH1LITRT LY
KOFHEPEOEHE ERKOEHEOBEBRTIRED (LAY —Ff), LiNb03 DOFEE I O FHIL,
3992m/s TH Y, KOFHIL, 1483m/s (20°0C) TH D=, LA U —MA1523.5° L7200, BEmE
EEBE DT AIL 66.5° L. ZhERWSGHIEICMER S L5 L, FERITEEE ISR LT
REBRAEZRD, B U CPATREER S L0 & BEmICk L CRERBER D RE <,
e LAMNGEZEL L TLE S, £/ IDT B IX, WEFMROEEOT-D, T34 AOMENZIE T
S DOFERE ST 5, TD0, S SN EFEROKERER T, HEEND Z LI
0. TREHIENCHE < TN A TIZEN o T2,

Z 2T, RMFETIE, WEHIET NA 2 L LT, JEEMENT, R OFED 1681m/s & KD
EHIZITV Y BGO (Bi12Ge020) Z FV, [RIES 2 Hi G mA & Lz SAW 734 A &2 BH% L7, BGO % H



WHZET, LA U—MAIT6L9 LR, HEWMERERORTAEIL28.9 L 705, BEmEIZ)
U CFAT7e sy 28, BEIRC R U CHRELZSEE Ry L 0 K& L 2 0 iGHlEc G2 X9
275,

Tl FEG A — H IS TX 5 X 9 Rl 2 AT 572D ORIFEICHE G A o B 2 £ H
L7,

TR T /XA 2 OBUWEIZ VT2 BGO EBMAIT I O AR T, ~THEIEIE 10mm, £ & 9mm, JEX
0.5mm & L7z, 20MHz @ JEHE N CTORBZAHE L, REFOEEN84um L725 Loz, [
BARE Lz, EEONEIT 2mm & U, [BIB&IE 50 B35 TRERR L 7=, SR U 72 35288 i He S PR 3 1
T NAZAOFEEZX 1R, FMGHIET S 2O REKR L, KR 12.2 EiZBW T,
20, 2104MHz TH v . HIRE L O REWEOFEHEFHH T 5 & 169Tn/s L 7p o7z,

eV THRUE L7 HIE T A 22 VT, BEMEERBREZ1T o7z, ARk, £ 300mm,
& 200mm, & & 250mm DA T AKMOHTIT > 72, KAEIZERE S HiGHIET A4 A &K 31
IR, HEE T EABR Tl WS T S A K0 FEE A A SO A PIVIC LD
FHAI U 72, BBRICH W= PIVEIIIS AT ADBEEZK 412, AJJEEE 40V & Lz & X odiE~
T =F a— ROSHEK5IZRT, 20V & 40V @ 2 FFEO AEIFICHB VT, JBEEs 2 s
B, WG EE Le, AJIEIE &R, EERO R KEEORREZ X 6 12T,

ATTEED 20V OBA . WEED ' — 27 13 20. 042MHz (T d o 7=, = O JE I E AN K H T o0 JeHEJE ik
B> TnbHEEZLND, ZOEBHBEHENSRO D B0 OKFTOREREZTHIT
1681m/s, FHAIFFD/KIETH 2 12. 8 FETOKDOEFHIT 1458m/s TH Y, LA U —HAlE, 60.1 £,
BEEI NS OB A1529. 9 E L 2p o 7=, F 7z, 40V TORKHEIT 31. 6mn/s TH o7,

FFER AT F AN T2 2 E R TE 7, S DICANERE &KL, ikt
B35 Z Lo T,

A% O B B U RS T T 3 A A1, BT MR D, BE S AATICEBE L, 213
— NS & D 7=, TR LR 2 R0 2 L MR ST, B AR O MRS &
NHHES I, ANTHELEICHRET D720, BEOHENC LY | FEZHIETE 5 L0 )i
LT A 2L LA RS AR & 2R LT,

180 . C fiuid Suface of the body
o =——arcsin| ———— (1) ‘
/4 Courface Surface ACOUSth: Wave \‘
Fluid _}‘
. Rayleigh Angl
a : Reyleigh angle (degree) el nﬁ e:
. . t' t H

Chuia @ Sound velocity of fluid \ coustic streaming
Csurf ace : Sound velocity of surface \

K1 vAU—fA (FEROKSA)

2 FERET A EIE T S A 2 B3 WG HAET S A 2 ORERDL



4 PIVEHHIT AT A 5 FREIHB R OWE AT (HE~ 7 =F 2— K (40V))

35.0

300 | ® ® 40V
® 20V

5.0

0.0
20.037 20.038 20.039 20.040 20.041 20.042 20.043 20.044 20.045 20.046

MHz
X6 L RO T B O R RHE & DB

(2) EMAETW )50 BR%

WARBER IO - I L 0 | GEEE S WEEREO T S u U—I S & | MERBA TR BT
DAL L CEHM LI 2R 95 2 &N TE 2 EMATIN 2 B3 L7z, BRI/
Fto, BRAEERICER L, K 7IRT X0V FRICEE T D Z & T, B3I oM fili/= ) ¢
HBW DO LEHET A EaFEEL L, M8 IZHEEMDAEKFMEIC OV THAL
TR ERT,

35 "'10”‘ T T T T T T
— iD= ab
s ;.5’0 2 e e ---‘.D=am+m ]
o -~ o : FERME (5mm)
B o . é=~mmu;~‘__ *: B (2.5mm)
_% - %2-5 _ 2 5 "-m;_-{:i%_ !
- - g = ’ : " \‘H\\\\E’
P & S - SR - R 5 L B i)
. e o SR R
— ® < bt SUN a4
& .l L. BNy
' = =8 S
g™ _'-.
AN , 4 |
& s

0 10 20 30 40 50 60 70 80 90
A £ [ o[ deg]

X7 VFREBHNNE X8 EEMDOAEKFHEDOHERER
(B FETHEEREL Blasius RDED LLER)

(3) EEWLHHRGHIEA T /S A 2 & BT I FEOAE DT AT KT & D HEHUKH
ESY

BGO MU E B HH RS HIE 7 A 2 &V RIS ) R & LS DR T I o A T
L& O TELTTEE AUE T O TG I R 21T - 72,



BGO U B i LR S A T S 2 D B3R & TR VORISR T S R A RRE L
72X QR IRSSHIE AT 2B BWEL T,

ERIIEE RS LE LT v RVELTR 2 AR T& 5/ NV d R TS S 2 T L 2 R E
L. BB D, Sl OFHZ T o 72, EBREEOMELZX 1 01ZRT, K1 11EF v
OV Z B S 3R L7RBEC, HE 2 5k L7-B2 o PIV FHAES R TH 5, A2 it
B, AR TFHRMAT, ERANCGEFERO FRP S SN TWnD Z 35, K1 2%, EHm
1.0m/s OF v > FRNIZEB W T, FEGAGTIRIGHIE T S 22 AT LI=BE & 51k 1o
BfRE R LD ThHDH, ANEEANELEEZZIELZLICLY, FEROES 2B
HZENTELEN ANEBEL G &T5 L7310 20 Bl Tl 5 C3iw 238 Lz,
T NA ARIETOYK I OBLRIL, T3 AUFOBER CEEIPINMER L T\Dd Z L E2RL
TERY ., BT AKX BWAREED, RAEOIERFURBICHA R TH 5 2 & Bl S vz,

EERBSEREEE TN R

VR BRI R A E
X9 FRiFHlES AT L K10 /PMEESERBIZEITERIGHIEREDOHF
106 .
—e— EFRepily
—o— TR
105 Fieil
—o—TFiiFrl

EmE AT

100

99

100%LL T 2348 A JIAE TRk

5 10 15 20 25
TIMAEREV]

98
0

11 BBHIET A RS KD EEROBE K12 T AATEE L W) OR%



EXPERIMENTS ON FLOW FIELD CONTROL USING A UNIDIRECTIONAL ACOUSTIC FLOW GENERATOR DEVICE

The 13th Pacific Symposium on Flow Visualization and Image Processing

2022

(TSUJI YOSHIYUKT)

(00252255) (13901)




