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Reduction of Pressure Fluctuations Induced by Cavitating Propellers
due to Air Injection through the Hull at the Stern of a Ship

by Yoshitaka UKON, Member Junichi FUJISAWA, Member
Tatsuro KUDO, Member

Summary

The present paper describes the effect of air injection through the hull at the stern of
ship on the reduction of pressure fluctuations induced by cavitating propellers. By using
three propeller models and a complete ship model, the reduction rate of the pressure
fluctuations due to the air injection was confirmed by measurements in the SRI large
cavitation tunnel. Very significant damping effects of between 1/2 and 1/8 on the pressure
amplitudes were found, depending on the amount of air injection under the condition without
air-drawing. A small amount of injection made the pressure fluctuations locally larger than
those without air injection in some cases, while in general the increase of air injection made
the damping effect larger. An upper limit of the amount of injection existed with respect to
the damping effect on the pressure fluctuations because of air being drawn into the propeller
and tip vortex cavitation area.

The amount of air to be injected was estimated for the ship at full-scale under the
assumption of the similarity law on the air flow rate. The required air flow rates at 31.0
knots and 35.5 knots were roughly estimated to be 46 and 60 m®min, respectively. An
improvement of the air injection method is needed to reduce the amount of air injection from
the viewpoint of practical application.
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2. BEREBER URHAIEE

2. 1 SHEER

KECH WA BRI M. S.No.610) OFEFEH% Table 1 IIR T, FEREMIEI, Fr U7 —Ta Y AKETOEHE
POBET CORBIIHA OB iRICEES N, ZOME2EMTH L7280, TaXTHEEFS—BMROBE LY
INEL D, ¥ F - aroREIRHTLELL Table 1 Principal Particulars of Ship Model

= et B ST A - > . ° o 5 F5 TR Description key unit
VAR ENRE I NI, DI, TONTEEO Length between Perpendiculars [ m 7.000
B A TRAR D AR C L, A S 2B+ 2720 Longth ot Dead Water Uine Loy | m | 7253
Breadth B m 1.089
OILk%F L7, EHMOMERE S.S. 91/2 THET Depth for Cavitation Tunnel Do 1 m 0.389
Draft d m 0.272

HHEE L, B LB IR Z ) ) Th b,
AN THEER2EHAMIIT 2R E Lz, AEEME S v V7 — 2 a VARSI 2BE% Fig. 1 1273,

METHLHYORNEZEERET 27008 2m E S 1mOBRTEASY v Fa 93/4 EMRE ST VO P RERIZ 10mm
VoFTh—AFAIZ T, SagzBi LTy ¥y —2 a D OREZEFEL SR L7120, KRR
RRESEDIATVVATAY2EK%ES.S. 21/2 Rz, R E L CQXEHRER (EHHDERE DC 160Volt,

Fig. 1 Arrangement of the Ship Model in the SRI Large Cavitation Tunnel



IR & OAR EH LIC & A RLEEIR 5 O 35

DC 5A) w7z, Table 2 Principal Particulars of Propeller Models
Prop. Name CP-1 CP-3 HP-5
M.P.No. (SR)) a1/412 431 145
° 5 Diameter [mm] 194.4
2.2 ﬁta‘j'ﬂ ~ 7&ﬁ Boss Ratio [-] 0.30
- g < )4 B e B o o =5 ELe . 8 Pitch Ratio [] 1.475 1.412 1.506
AKBTIEREAA 70T & L TRE S ek R Exp. Area Ratio [ 0.731 0.731 0.630
o o5 . - Proj. Area Ratio [] 0.600 0.605 0.507
7115 (CP; Conventional Propeller) % 2% 3 ff & Fos 51 Tio [ 550
FrET =Y a v ORESBILAENI EPL TC IR Skow 2t Tip [mrm] 08
Number of Blade 4
HE 7~ o0 AR s £ S - & Blade Section NACA Mod. SRJUN
BTOMBmMELEME L CERF S EFR IO~ NAGA NAGA
. . . . Rotational Direction R/L Right
(TCP; Transcavitating Propeller) % 1 % H W/, Vateral RarimiAmadiesd)

MEOTURTE LT, F¥yEF— 3 arORErHH

THHAWCTNACABRE A 20 F FHWCEFT LA CP-1 705 (SRI M.P.No.411) & EHSAHOELH S NACA B
HMORERFX v NG5 Hi % SEIE L RBTEBIR % HVCakat L7 CP-3 711 %5 (SRIM.P.No.431) % Fv 7-(3],
—J. EOTO~TELTE, Rl T3 SRIN(SC) B!, BARM TIL NACA BAI % Flv THERME TRB{LE
Hy, FHBAROPICORTENA 7Y v FEITORT ELTHET L HP-5 S 05 (SRI M.P.No.445) %M
Wiz[8] o ARBTHWAMHA T oI EIMOTEHE % Table 2 1R T, R 707 OEFIT 194, 4me, BT
4BETHY, L—FAOE, FED, KAKL0IOCPP #EELTVAHEOT, BREFIILH TS (EHERE
Hid 0.73 BE) ICHRE N, HL, IO OBEEICETEHBENZV, BEO-OT7L<A PIITE2RL
NSO 7RG OFIKRE Fig.2 1R T, SR ERBCTT o 2%, I EICERY OFfFERR CP-1 Fa~x
7 (M.P.No.412) % IR0 A} TIT o 72,

Fig. 2 Geometrical Shape of Tested Propeller Models
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EEL, EREREENTEFOARE X v V-2 a VERBAOE 2EHIE (EX8n. 182mn. EX0.88n @
) T -7,

TurTOBEFHN OO, HEMEI AT (Kempf & Remmers B, R46-0 ; 25 A b T=%70kg. V7 Q=*4kg-m.
7T FER n,,=+33.33rps. HE 0.3%FS) 2 HEMBORIHY i3, HL, BRE;E—% (10kW) 31 AT
HHOT, FxE7—a AEH 28RS RS, ZFAHFEAN PV £4kgm) VT, BifE 7o
T &NED TERE) L 72,

fRREBENEHM Oz a4 Y REHE GORIE¥ESR, PS-2KA-M. &4 2kg/en?) % Fig.3 \RTHRICAMRE
HIZ7T v vavxyy PRz, BREENC 10+, B 6 » DT, S oMICHEiE 7o <RI Ofds
Thbhb, EROERICIEBEST (V4 8, PV-86) % 1y fhid/, ZBIEDESEEN T v 7 (ZfEXE
L, DPM-13A, 71 » YEIEAC 2Volt, FEEMRMEE0.3%FS, B —/32 7 1 )V ¥ — IkHz) THIE L. A/D ZHIZIT A/D
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a3—% (INFOTEX ¥ A5 A8, AD200, SfffE 12 € v SRIM.S.N0.610
- . . Arrangement of Pressure Gauges

MO ABTARY 7V y B ANEELDC 5Volt) #H woom Air Supply Tube
Wiz, EWS (HP330C) ZHUh A /-7 — &1L FFT @iFo EEsES S s
B, BHERELTTI 71 v 7 EHIETH TSNS,

ZEEIREH LA 7 (KBS 200mm, #4E 4nm, EE 3mm)
it Fig.3 RU 4 IZRTRC, 7RI 254 200mm B 5
DTT oy F OBRKRIATEBERICHIEST A E Lo T L

BL7, REBLILOEREIZ0.5m & L, WEHLILIH . Op=1sd4mm [, ’ 194.4mm
14 7 T < R . 4 R 7 Propeller Port Starboard  Propelier ToAP.

ZRIR S LRITES (HA 71— (#), Floter Fig. 3 Arrangement of Pressure Gauges
SCO-4 Bl ; NG BAT. WEMBE 2~20 nl/min, FHE and Air Injection Pipe
J1-1~3 atm) TEHAIL 720

Valve Station

Air Compressor Eﬂ Valve
3. EB&H PSS—G; Fiow Meter L
3. 1 BEHEA Prosrs Gauge
R 7 oRIDHH, CP-1 & CP-3 Tu~RT
WRDORRENRM 1T, WP-5 Fo~TIiEikatsk
1 T&EF s nz(8],
(1)R%EH4fF T (NOR; 85% MCR) ; Vs=30.6 / v
F. o y=1.371. K/J%=0.286
(2)B%ET4FT (NOR; 85% MCR) ; Vs=35.0 / v b, o y=1.048, K;/J?=0.286
ZIT, AT A MREK I
K=T/ pn’D’ 1)
THEZHND, TIZAT A, pldKOBE, nid7oRFAEE, DITTORTEETH 5B,
FrEF—varHo, ko dERER

GVZZ(POO"‘P\/)/( pVAZ) (2)

Fig.4 Arrangement of Air Injection System

2=2{(P—Py)/( pnD?) (3)
THZOND, 72750, PJIBLEE., PUIBREE., VI T ORI HEEETH D,

a

HIESR T
J=V,/nD (4)
AT A MFERECHE
Ce=(8/7) (T/ oV, ?) (5)
THZLND,
3. 2 EREH

SREBEZIT-7 MR @ K/]? (=7C/8) W NOR TOFNRERUTHY, Fr¥F—2a v BoheELsy
Ty FH A T 072 (3]0 £9. HP-5 U RFITDOWTIE MR THREFOA T A MEM K 12 —30 T 5454 (MCR- K,)
TRl AT o 720 — . CP-1 & CP-3 7O RFIZOWTEELICHESA-F v VT — Y a yABIIBLRE S



AR D DA E M LIZE S

AR AE B

IO

Table 3 Experimental Conditions

37

Prop. M.P. Impeller Propeller Advance | Thrust Propeller | Cavitation | Pressure at
Name | No. Revolution | Revolution | Velocity | Coefficient | Efficiency | Number Shaft
Rate Ni Rate n V, Ky 75 o, Center P,
[rps] [rps] [mvs] [ [l [l [mmHg]
CP-1 411 12.40 25.0 4.435 0.249 0.629 1.336 108.9
CP-3 431 12.30 25.0 4.399 0.246 0.631 1.336 106.9
HP-5 445 12.40 25.0 4.433 0.244 0.601 0.998 84.0

0T HEERHRLS] (9] # VT, BRETGEMHTOR I A MFERY C. BB, K/J? %7278 MCR- C) 23t

WY AF v T —va v KEOEREMELRD2[3]e 2D0DHEILL > Tk b N EESMES Table 3 107,

MEBERETOTORSYGREI V7 Q2FHlITAZ LT, ARTHZLN D,
78=dKp/ (27 Kp) (6)
Kq=Q/ pn™D°? )

THZOLN D,

4. MBEBHEH E2RRKEHML

4. 1 BHIFME

MAREAPLOZEREREUT OO ERFEOREL Fig.d WRT, MEILLREHTERELT, v ¥
T a v KEOERAERHI Y LUy TERSNAEREEL v, ZRIBEEZAREBE LS TOMICHE
FHEBE, tOMEE -V Fa—TTRE L, REFOMBIC TV N ERENGZE LERY T, Eh%
A L7z, a7 Ly HHOENFTOEREY P KEEOENGORRERX P T2, FYE¥F—Ta v kg

EEH S AT A2 HWTE TN FAERTENE 2 8E LR, B EH 70mmbg~620mmHg & F TAR & IT
EHHl$eE & £ omHg @B CHBRERIH L Z LEHELOT,

FHIFEIRE LT3, ETHRESTOESREE LEOTRMEQ [/nin] 2ETORICOWTERHEHEHN %7\,
RIZHBRTOERMEL 2 I/nin BHEMSETEHW L7z MEBSRABENFTTORTICEVATR S T THREE L
BEH L, Z0% #i2 4 Vnin AATKREELETRBA S-S, FEMICE Q=0 /nin L, REHLILPS
ZEPHTWRWT L 2Dk, EBENFHILITY, MEBSNABKFAENCERBRE Lo L0 b
FHE R IR T HE LR REBLAEREC Lo TENFIOMBAAEFI 7 b L2V EIZEEE R THE
L7

RICIBRD IFEO 7 U RS PHERMARGE T T ARCEET IAMELHEN IR TEEAREB LOEEY
FH L7z 77— Y BT S NIRRT ENEDIRIBARI K, (G 13X%) D% Blade Frequency (B : ML ofEH»
LLEEK, LT, BF. EWn)) o8 OXRFICOVWTRTABE, HBO LS I2 1 RESHFEET 2 KK
GHETHLIBETHLOT, 1 REFOEROHK T LEL 12,

CP-1 & CP-3 77U RFIZDOWTIEREEN &M [ @ MCR-C; (Vg=31.0kt; K;/J%<0.286, ov=1.336) i2BWT, T/,
HP-5 700G 2D TIEEREH4E T @ MCR- K, (V4=35.5kt; K,=0.244, o 1n=0.830) BV TEHH% T -7,

4. 2 BHUER

4. 2. 1 CP-17uns0B4

NC dKEE& MCR-C; (Vg=31.0kt) KEEIZ BV TMBETHEEIT S (P-1 YTORFIHETLE Y ETF — ¥ a v A5
T A MBEBENRES M (B.F. 0 1 KW PZERKEH LEOEICK L TEDRIIET 20 2R, £
DR % Fig.5 I0R T ZERERLEOEFRMEQA 4 & 6 I/nin DRIZRER T CRBMNICZRE R E B &2 0n
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ijf (Q:O l/min) & '9 Eﬁ?fﬁmgﬁﬂéj{’g"% Pt 7;%)3‘% 2 SRIM.P.No.411 (CP-1 Prapelier)
A, 8 Umin BETEFHIAOETIE B TEBRE DR m,ﬁﬂfﬁﬁl;;:

WAYNE S D, R E LTI 2/5 1T+ B0 Z5 0% oo o e
Box LA BRI S A &L EE)E D IRIEIZIK X 1

LEIHA L THEMICETL, Q A% 16 I/nin TIXEE : ::
FIREHE 2 VO 1/12 BECEDRIBICET T2, 02

8. Fig.6 CRTHIZ, ZREKEHTE B.F O =Y
DRBSHIKE M LRICES T—HOFIAZIREAE 7 s s s s s s wz e s s s
ey, 2REEGIEFREL D, —FH. B.F. O 1 KK Fig. 5 Damping Effect of Air Injection
o & VBB a5 FEHISHIET ARSIk E on Pressure Fluctuations for CP-1 Propeller

(. TRBAD 20~30%107% 5 = &4 DA, BADETSZLEKE M S 2 VEORKIRIED 10%EET
B%b,

4. 2. 2 (P-37UNSOBA 008
(P-3 7UNRFIZDOVWTOZEFIREE LEREZEH L AR,
CP-1 70T 1200 T DRI E & KRR U T H - 72,
Fabb, ZEKEHLROSTRMEQ A4 Vnin OB, BRE oo
EIFE HIREFBBHICAEWE I 5 H 72, 8 I/nin OB o .
13 REEC A D 12 Umin OFSE 1/5 BEE 2 ). BEKENE | 1
LI X B RIEOBENRIL P-1 TURTOPA Lk Epo oo e o
AL

4. 2. 3 HP-570RSOHE

20T O NT HFEET B RREHE NIRRT ERK S
HLROEBY Fig.7 5T, 2K EH LREOER o o8

SRIM.P.No.411 (CP-1 Propelier)

0.03 Q {I/min)

B>
s

| w m . = .
Kpl Kp2 Kp3 Kp4 KpS Kpé Kp7 Kp8 Kp9 Kpl0Kpl1Kpi2 ®

Fig. 6 Effect of Air Injection into Pressure
Fluctuation Amplitude at Each Frequency

fEQ %2 & 4 I/min OFF, ZREFRE S 2WVE L A aa
TEBEDREIKE 2D, IREHLEOMINE & &‘ﬁ”‘*z*“+sm'”wwm““”‘

S IIRIEATKIRIC AN & {2 IO =00 T 0 RGeS
ERILTH o7z, 8 I/min TIEEEE LTREHS 20
FEO# 1/3, 12 I/min TEW 1/8 12% b, 2B, DT
O ZIE T OTE RS ) ARTR I IRIEL AR
BT HHRFEIMOTOIRT LIDFEETH 572, Zhid
ZEEEFTORGOEVAMEBIC Lo TS ORTIE R
WERL, Bl okl tEZ LN,

8F2  SF1 SC  SAt  SA2

Fig. 7 Damping Effect of Air Injection

on Pressure Fluctuations for HP-5 Propeller

4. 3 BHEROILD

4. 3. 1 ZEXKBWOERK

WAL O R RS LZREORE H LEOIRRME Q 258 KU 12 I/min 0BT 2 70T EMERROMIZE
WKENLZEEB R TURTIIRBETEIF YT — 2 a v OBTH Fig8 IR T, ZEREHLEBEQON 2020V 4
I/min OB, WRE M LIS S ZEDPEIKOFIRIIREL 2o THIHENTB Y, SEB*ERLTELT, +C
DAL YRENFRLTULSEGAE CREEbhL TRV, T, TOBORBEHT HIRIGA X B X 2V E
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DIENFERL D RS KR HDE, MEMSNALZENPREEEL 20, MERIL 2, 70X7 - Xy 75—
WHEC L > TIh L OFEAMRB L, 4R 5 2 10 & » TEBE DRI L 72

s

e

B) CERATAHEEAFHD . REHLED 4 Unin LEICARZE, QB E 7TORT EOF
BAPEED, Fov7 - Ta VT oA - FrxET—Tary (TVC) KERIIIZEZENRVATWAHENFRB SN
2o B VESIKEH LETHRESR I 20E, MIBANIC —E0E S CIES 2 ZZEREH L FE*EET
VBB,

(1) Q =8 I/min (2) Q =12 U/min
Fig. 8 Aspect of Injected Air Bubble Layer around the Stern Hull
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4. 3. 2 ZEREBLICLSSu~THEREL

EBENEHNE FRIC, ZRERIBT I LI > TTURTEEIEILT I HE ) D ERN,

(P-1 70T OEFE, Fig 9 IR THICZEZRREHLE QA8 I/min FTRATAMOETIZI BLAIZEEE
BA5, Q=16 I/min TIE 7 ORI HPERP VAL TR L, 2%HBEAT A MBS L, $/2, CP-3 TOXTD
A 12/min FTHRERLTD 1 %LTFTH D .16 I/min
TH16%BDATAMPINELL D,

S S S S S S S S S
—J5. HP-5 FO AT OHA, QA8 Umin FCREML S o f T b e b b
CORIA BT RRECHEA 5 10 vain S k| [P |
PLETI 4 %RECRLIEbHol, AT A FOETD ‘): M iR
BB R RO, HERSINE B2 EREl g ol 18 A
SR EHERL, RAGAE ko OIREZRERL, £ % e
ENBEEME o TH ¥ VT — ¥ 3 v OFRERE IS i >
BRI A MEFEEUSCTOAI A HEE B T %t e e g
STVB T EHELBND, BOREIBRAKE RS 7 ] T
FSRETORMA U, 29 % FOETASEOINT S T e e s e w e
H0.4%LATH DT L&D DT, Q [nlfming
EERVAZL TR ShVizoild ., Z8BIMIE Fig. 9 Effect of Air Injection into Propeller
FINCIE 8 A5—s & 7 BRCIRE 1T 2 & SFECH B, Performance

4. 3. 3 ZAREZHLEORH

BRERIC L VIMBEHENOBRBAPHETELIEFGPo720T, EMTIREOBREOLEFZKE BEITR
WhraRE L.

Hd, MAEBRTIHFOREOLZSRE QuIiREH SN TV L2 BT L KBFHOETEQID D LDT,
HHET OB TOREREIHLE QI 3E#IKE (NTP) T

Q,=Q (PP, # (8)
LAHRBEE LD, HL, PEEERIHOTOEN., PUEKKE (760mllg) TH %,
COZEEIVMBRE, ORI B ENIBONE Quit. FRELEZEEL. HEIFETHLI LS
Qu=Q, (P,/Py) 9)
THZOND, HL, PiEHEAREH LILMOTOENT, T2 TR 7aATEHLFELRU & RE L,

KT, EMOME (EHRME) Lpg % 180 EAE L. EMTIRE RS NDZRKOMEAHEE & AHEIC 2 B 1R

ENHLRWET DL, ROLEMTOERREE Lt Quld

Qs=Qu Lpps Lppy) 2 (Vg/Vyy) (10)
THIETE S, L. Lppg « Lppy HENFNEMEBRMOFRMETH Y, Vg. Vy HEREEROZh 20
DHETH D,

TOHETHET L E, P-1 7T ZHE LAEERD 3.0 / v FTHATT 28101, BREFEBRTOHE
FORFREQH 8 Unin ST A2 AETWREN L, MELEEHIRWASZERZ LR E N S L WROIRIED 2/5 1
BZh D )T Aok, # 5n’/min OFKERELTLENFSH L, £/, Q2% 12 Unin KIS L THEZL
BEDRIEZ I/3BEICT A0, 483’ /nin OREH LESLELE RS,

Ko, HP-5 T T w33 LAZEMAT35.5 /v PTHIT T AR OWTHEEZ 5, HEERTOZEKNE N
L5 QA8 I/min OB & RIS ICHEEBIE DIRIEZ # 1/3 10T 57290120%, 68n’/min OBLA 2 RE BT LEND L,
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DEOZo07aR7 123 52HBOME. EMTERBORKERERTLENHD Z XD o7,

B, ST3U (Alr Bubbles Layer) 1 & B & 0. SR (Air Cavity) 12 & 5 O A RBIRE) % T
LERNVRECE OIS 5H[10], AR THOZZZEZREE LILEMACEACHW TR Tw S 720,
SEBOERIIIHRO L2 FETEho72bE2L0D, JEBEZER S E 570101, WERLILO ERICAT
v 7 EIER L Z2R10] 2 EE D7 ATMICHBEEZ R THESEDHEEDN S, 4, ZEAREHLE
DYBEFERICOILOOEBELRBELER 5,

B, BEPOLEREORESERD, K1 FELEET L LK 2~3%TH -7,

5. &H
ERAKEENEAMHAOTORT E LTHREENALINIF VA - XY EF—F 47 - 7ax5 (TCP) & kM
TG (CP) AV, IEERD»S OEEREE LICIAMBREE T HOERSGES KB v ¥VF— a v RE
AEICBWTHERMERICL DHAN, UToEZ2EREMB B2,

1. ZREMECH> TREHT I LX), MEEEEIRBEIEKE B S 2 VEOLEBIESRIED 1/2 226 1/8
BB L, KEGEENRN S Do T2, ZRREHLELHML T & AR LB EIHRIE I H IR
LD,

2. ZEREH L AL 2 WEICIMREBEBENIRESESMIEN L2 26, MBEBEHORBIELYHE
Ol H 5 —EFEU EOEREREHNTLESS D, 5HU S N EBIEHRIBOTS WM. MEH, 5K
SHENLERPAREFLRY, TO—HPMBREBEDERRLAZEPEREZEZ GNBD, oMK
HEZWETHEEBIMETHENDRBREA N X LOFMEBHLLETH Y, SBOMERETH 5,

3. EMTOEGREIBLEORELTo R, KEOZESKEREBTLENH D, ZRREH L 2 HEMIIT
I 7eDITIE, REH LHEOHENFLETH b,

g

AL, A AT e O — AR RT3 [BEEK 7O F OM%E| O E L TEML 7o REERTIZ (1)
HAEMFFERR L OXFENE (SR23 0 [REAKEENTIRTONRE]) THEHAT OB SN HEE
WHLM. 28, 2HEEOERE Ta7 ((P)iIZZh Fha/lSHEBRETE M) RUTERESRITE () O &EM
Pz & D EEt D 2 iz, BREMLICEHOEEZRL T T,

FHMICH S Lo B AR E R OFH & 85BN L o R RO iR BLSE S MR S BT RT3 B o )13 B
MECEBHAR LT, 4, ZAREN LEECHRENMORELR O IS HEBORBMB~ORFTHE T TR
LTWaZ2n 2 alE (R REERRUEAMERICHELEL T T,

BE W
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