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Study on generation and control of underwater shock waves produced with
cavitating jet flow for creation of new marine technology
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The purpose of this research is to create a new shock wave utilization
technology in the maritime industry, focusing on shock wave generation with cavitating jet. An
experimental study on the removal of deposits using a cavitating jet flow was mainly conducted.
Relationships such as shock wave generation position and frequency, pressure fluctuations, and
optimal distance between the jet nozzle and the target object were investigated. Especially, in the
observation of the flow field around the jet, the conditions of shock wave generation in the
cavitating jet and the behavior of the cavitating flow field were examined. Regarding the erosion
effect by the cavitating jet, the position where the shock wave acts most effectively was identified

from the observation of the surface damage on the test piece. From the viewpoint of shock
engineering, these results can contribute as a new basic technology in the maritime field.



1. WFZEBAAA S I D 5

KRR VK P 2 ST 2OV EMER CThH 0 | Hix e B CIRH SN TW D, MEFEFEREICE
WTHANT R MKERELEE, EAE AR L, BERE bR 72 & ERIEBEOTERIC L 28
BAR ORI OFTRPEITE N E B X DiLD, R, MF IV TR & B0 2 50T, 8
DY A ARLBENKENWZ L THD, TDI®H, EWABEEE & =3 KD b H1En, Zatk,
REVENEEE & 72 5 WEF B C ORI S AT & U CHHFEME OREMFZE & 5, BRI
KV ~A 7 a7 VONHMEZRER &R L. KUEOBOIGEIERNER LT 7Y —F UL
DIRIBALAER & IHE T O BIEZEME D T BIRERE O mENERAREEICAEDI ThH 2 &
DHERB SN TWD, Fi2, K0/ ZRKIAITFARIAIC K iR ) 2358 < Blav, BARH)ZRERTAR 2 Of
LRI RDZ LML O OB EEITIFREIND Z & T, L0 MRWIHER RES) 2 £ T
D2 L NERRET N DR EN T\ D, LIzhd- T, BRI BRI A EGEE O R AR 2 i . i
WU T RERE 25572052 T 2 &5, 2IRARBELBIZIS W TEHE L 2D, F
YET—vary ) ANERANEAKRS Yy BT — 3 VIR T, BUNRIEREO AR HRIcF v
BT —a v AV EN S FHATCRUNIaRED B C R EEEEIC X 2 R 22K T E R o
ERRPHIFFCE D Z LD RIADFREBISITE O UK P EENE 2 AR TE 2 RN & 5,
FThebb, EEKROFAIC & o THUIVGIE & K PEEEE O A4 RS RIRHCEER T X | i O
BB X DR O RA e BB AL O EBIATREMEME B D 2 & T, W E Z R, KV
RHEHTHROBNEIFZAITE 2 B2 615,

2. BFFED HIY
AWFZEIE, KPITHEN SNEF Y BT —3 3> ) DO & EEGA RS2 HA L.
BN @ & o0 U, BRI AN 2 He 92 2 & T SRRV MEERNE O B, BERAT S bR
B A~OIEREBIC OV TERE LNV CHEIET S, A R¥ A TDXF T — a3y )
AN T RWTKIEREEE X, B AN EHEARE LTS O & R LB ) 30
FHATH 2 LIk o T ANVEMEN G 2 DIRNIG~ DT J OB AERRE R & OBfRIZD
WTHRETT 2, FRC, B S0 INRIaREO IHETZ IR ERNC & 0 AT BRI OZFE)I T H
L. FAEFRR00M S OFIEHE, EEEO 2 V& A= & K PERE o E HER %
BRBNATF D T2 D OVEREIR] LICHOWTHRETT 2, S HIT, FEREBEM EY DERELVES ~ DR~
DARBAR OIS FTREME 2 7T, JERDIFIEL DR E i@, fkZ v 7 ity BT —va v
E %mmfé EIZED ) AV LD RIENR TRIARE A AR L, A OBREEICIRT 2 &
DWINENZZ @S Hiv, RO ARBOEE 235K U CHBER 2 /AT 2 RI0H 5, T78bb,
IR G 72 AT LT, WUINKIaRE & KPR O g 2 AR T & | EEREIC L DM E
BOFEICINZ T, SER 72N LT/ AL EZEld 5 ERICEERINZ 55 ESVER
2B, LSRR EDRESD L b TE D RPARMEOKRE 2556 TH Y | MAIN 28T
B, AR TIRET 22 AT AL, @WVRRENE L RN EIRFCE | AR OERIZIB W T
RERBEND D, o, BHBREZAERTHX v T — 2 3 VIEFIL, BARE L THOIREIEE
WIRERLREIE 72 E~OIERANE 2 b, ISHEROILRIZEH G TE 5, FINICIE, Fr B
T— 3 VRIARESE D I MR TR O A = X LSRR e E OEIICEN D
R AR BB A A & DEITRLA IS L o T, WS PE BRI &éw%m@m¢@%&@
FIRREZ XD Z & DNATREIZ 72 Do K RETEEIE A iR EL IR DORESLIZ Ko T, 3T R FKEEBE OR)H
b, =~ g VREEO KK OBHME, BN T - KRN T, Peif, S SEAEmBRE R CI5
MEATOILRFERBHIFHFTE D,



3. WD Filk

BENR L TERNTHR Y BT — v a VIERE AT D ) AVEERRT 2 &3k, EBREL
FAKREZERL L | KIS A Pl & LT ifge 2 3206 L7o, FRIC, Ml 72 @ik sig 2 84 % 7=
DI, AT SR K OVE S FHI FEBR D Fefi, BB < = b—3 a3 12 X D KTEIEE) L Rl ET B D
TR, F¥ BT — 3 UEROREE LTI OW TR T A, AL —FEEL, ¥y b
T—va AR DZREBREFNC LY | AEBREDRICONTERN RO 21T o7,

4. WFFERR

B 1T, RN T #0250 FrEiEssh
R ETF LA OB EE S 2 — LR DA e
RS (2 ms W) THD, KBTS IKIERN~/ X
VNS RPIEHENDBEOBEBRICIVREOF vE
T—varKia N ARSI D, AR RIS e R
LR BHE D ) 7T Ko THEMAE & 52 1 CUHE &
BaBlin T 2, A/ XN OEFROAT B AX3HK 10 mm
ThHIEND, 10 mm &2 T AL E B Tl 23 3
LB+ 5720, ZOHEE TRb K& EHENRL
WIERT 232005, [IADOER/NEREENIZED
R 0 S IR & SR A ) R I A Fig.1 Synthetic high-speed schlieren
By /NI AR S NIZR ML, TOBEBEICELY  images of cavitating water jet for 2
WAREB ~EL . O A& ERT 52 L THRRE
BREZREESED, HICHOAONTEZH

W ACIE L R ED LT BROAR U Qg
ALTVA, %1

K213, 500 psec DRERIECRskS NI IE g%
DB, s skowRon, £ o g
FRJENME 0.3 MPa Bl E& 3SR E LT 9 , | , , |
AN 2 BRI DI A E S A R L 1 FDR Y 0 100 a0 300400 500

Time (psec)
720 OEEPE A S AR U 7= 50 2 &8 Fig.2 Example of pressure records for 500 psec

B (SWGF: Shock Wave Generation
Frequency, Hz) & L CE# L7z, ¥ 312 SWGF OFHARE R A2 R~T, HIFIMEND z 1%, RO F
DO, §72b 6, AV R Bt S R O Bk L, SO x 1, BOEilioxe 5

Zgg‘ * SWGII: at z=10 mm |
mSWGEF at z=20 mm
E 500 SWGF at z=30 mm ||
= 400 % SWGF at z=40 mm ||
9 300
« 200 x
100
0 * * &
0 5 10 15

X (mm)

Fig.3 Distributions of SWGF of cavitating water jet
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Fig.4 Distributions of SWGF with wall boundary effect
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Fig.6 Relationship between the number of pits on the painted specimen and SWGF
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Fig.7 Estimation of number of viable cells
(m: without the action of shock waves, ®: with the action of shock waves)
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