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On the Variation of Resistance Components due to
Air Bubble Blowing on Bulb Surface of a Ship

by
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Abstract

It seems that blowing air bubble out of the bulb surface of a ship of flat bottom will
reduce the frictional resistance, since wetted area of the hull surface is reduced owing to air
bubble staying close to the surface. To ascertain this concept, at first, the limiting
streamlines around the bow was observed, and local distribution of pressure and shear stress
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was measured. In the next, the variation of frictional drag, local pressure and shear stress,
due to the change of air-blowing position, air supply pressure, and the model speed, was
investigated. It was found that the local friction was reduced near the bulb and air-bubble
injection is more effective at the high-speed regime. It is likely that momentum change
cobtained during air bubble formations also play an important role as a drag component. This
paper can be considered as a preliminary study on the drag reduction of conventional ships by

the micro-bubble injection.
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Table 1 Principal characteristics

Item Model Ship
Scale Ratio 1/35 1
LBP(m) 2.6286 92.00
B(m) 0.4286 15.00
D(m) 0.2057 7.20
Volume(m®) 0.14308 | 6,134.69
W.S.A(m*) 1.6499 2,030.2
LCB(m) from midshipj 0.03254 | 1.139
LCF(m) 0.03494 | -1.223
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Fig. 1 Body plan of bulb part

Photo. 1 Limiting streamlines at bow

3td Fig. 2o BAIHE A o] W {45
Fdo] e SR HE A& £ U oE
887he] mapell 7HE Foi 4Y WIE whxv)
B AR Az oM AFH=E e, A
A" HE @A {4 B¥oE Prestonde 4

Transactions of SNAK, Vol. 33, No. 1, February 1996



T4 M FH0 FEH VI B3 S0 W9 48H A7 57

A&t o Al¥E HAISt Prestondll 4
H3E ASsAt

A BRY ¢4 AFTN ASE o=
FHE S7HA 4 A% S 9T + 3l
tH10l. AX BRI AZE 47 Preston#ol
A AZE 4 A ol8E FUE dE T
Al Hu AA wHo FAFE W= £%
W3l Patele] ZARCE Jebd 4 o 7}t
Agte] AxsH A whE A e dehl
T A YL 7E 5 U g7 7 A
F319] 8719 A Hol FAE A= AS
B e A A vh A% 4L Uehid
Fig. 29t 2t}

2.3 JIiE 2y »Xi

T AE F99] e ZAREME A(FP)
ZHE zdHold A9 18TF ¢F ¥4
A Hx FA4 X FlaHo|doA &5 Fo
ggo] FeAA HojAE ZoF Yehin o
22 s FAEC] AAZ T e Hl
Zorsle] FlAdo]AE 71X & d¥ioR 274
sack 71¥EE I35t wE Ao Fa &
g de A4y ARsddME d3de & ¥EL
g3 &2 FVE Bojwol Wi 7 B4
H52 3z o olgh e g AMRd=
7ASoe e 71E FF ¢l a7E Ao
gogc) o] wid el HHE Ao
E4A HTE F Y Ad9 X5 =l F
7 03mmd =¥E J|¥ #%& 9dHd 15mm 3+
Aog AA ®Ad A JFsrt 2FA
oA ¢He A AFAME BSmm-WLE
o} olgF®: MA BEL 4FH Ayt F=AA
vtz gl o] Hofl #jiste] 935mm-W.L.E
o} ol Z: MA BEL VX £E FHE F ER
wjA)sle 7)1X FF &S wolux dch

21X FFE 7o) SA4E F Fig. 3o yehd
ule} o] M4 FHFP) $xlo] FRPE Ad¥S
Axsle] Frido] PAHEE Yth dFE ¥
718 ¥WEz Q7% 3719 ¢4F B3] AAs}

KEBEWRERE £ 33 % 5 1 4% 19965F 2H

Fig. 2 Distribution of pressure coeffi
cients and local skin friction
coefficients at Fn=0.223
(perspective view)

7128 FFde BWE ¢4 A3t AA U
UA R=E ejisiden & 3] Bas 74
Aeio] PAE F71d Atolell Hof &3] 200
kgf/em®?l AW F71¢ =871E Fol 3714
ARE ¢ (Pin)o 2 7|17t TFHES U

71271 33E e 4Ge] o= AA Fole A
o] g WM FalF NE Lolr7] At 7
¥ 3F 74L Table 20149t o] 3749 7o
2 re] 4¥e AAsT

2.4 ¥+ 3 H MEl iy M3

7125 T3NS o vEE A A¥e ¥



COMPRESSION
TANK1

REGULATOH

BUBBLE .~
INJECTION HOLES

AIR ":AMBER
MODEL SHIP ST ,-GH

Fig. 3 Arrangement of bubble injection
system

Table 2 Arrangements of bubble
injection holes

Streamline | Height from Numbers of
No. Bottom Injection Holes
S5 54.6 mm 196
S7 112.5 mm 273
S11 116.0 mm 364

o 5 AAe ¥slE Golry] fsld ASF: F
AN AF AEE HAEFL dA &£x9
n=0223& o4 i £x2 HAsPer &5
o wE AF W3E A7) Ysle] Fn=0258<
Hw Al £52 A3 7E 33 ¢4F5e
006 kef/cm’o ZXE 040 kgf/cmlol FA 571
2 vHe] Ji AgE AAE = V¥ 3F
Aol e JPw ddoz HUsud 39
=

o, 488

71XEE ¥ dUsde W Jehbes A3
Wske] Al dotir| 3t y/LBP7F 0.240,
0427, 061331 Al Rell 8338 RaAE Hx3lx
2PA9 oA Al Foll LAY FF& 7|23}
% ddHY(Longitudinal Cut Method)2.2 113
AgE dotruzl |l Ay AL 23PAH9)
4 9x7F daAel 177m ¥ uR R &g
HRE d AFstn £ ¥l oF vkl o
Eh] FA7R 9] 7oA AAls e AlEE
2 g 34 o3 AY 8L B3 A ALt
AA e 33 HA(Truncation Correction) o2
I} EE 3Ach[8]

2.5 JIE 7SO H=x

71X FFeE PAFE 71Z7 AR FHA] o
DA BX3H JEYE F22 o|Fd=AE ¥
A7) At dQl Al Foll A EH 2HE
#E3R= Ao] WQdFA "t o) $sld B
of AXd WA S AMESld A3 Foll HA A4
A T AF FH9 FE5S FSE F U
stk 23 AlE 2 #3 $Xjd S00watt
% 245 59 Azl 500watt ZHE NS
AR3ta BEPAo] £z AEFF HAE Ave
Tl ARIE #G3Y 71X #75S AR
=3

r

2.6 JIiE Al I8 JMH 30| H

Ih

47 Ewo] R 71T A4 €9 P
oEBW 1 xSl TR A $3o] ksl
Hol vk Y JEe WE Qo Zoltk. o
g #sb] Yalo] 71xE BANTIBA Hsh
F4e AZsel 2% A 9949 WS Tag
o A% FHEPIET 9EE 71EE WA
A7) Ag NS THeme 4 AZ 3E
BT F gt " A sHozRd

9L 2eloltriAle TRl AZFS 4A7}

7Fed 3709 Zdjolio]  diste]  Agskdw

Transactions of SNAK, Vol 33, No. 1, February 1996



TA M4 FH0 GEL 71 IS ol TS 4EH dF

Preston¥-g 0|83 ¢4 A2 4¥e A8t
Fn=0223414 27| ¥F 8ol 010 kef/emst
040 kgf/cm’d wjol] il =ZE A $HL A
Z3lod 7|E & AXE 4AA WL #e
H| 23},

3. Ay A4 % MM
3.1 3J1 3= =i IIE K& gl

3.1.1 & Mato] sig}

FHo 2 4z He YW J|TE FF
9 7|¥ Zo| Hu ulwe] AS T B3 Hu
A FEL 29 FA Ho = AFE #E:

FE Ao dA vk FA Mol AXE
FHozHE FFE ViEJ A #Fo2RH
dZ= uig} o] MAZ FUEA HE HEte
2 ANE 7198 § UE AoR BUEHYY

71X TF HAE A dla, I3 ¥
0.05 kgf/em® oA 040 kgf/em® 742 @371
AZT A el WS Figd-6o YERATH
o] AR N= 71X E FFIH A AFo] Fkst
' ez yehg glov NX FF 4ol ¥A
3 ole] HW A Age] FUlFe] TAF F
ol=x AZE Holx itk AFH Elo] H.
AT AlE HYolA Aozl Hdke] A&HTia
7HAEA 71X FF ¢EE YoM Aje] &
ol5/ © Aow AztEr)

3

> lo

3.1.2 I Katol Hig)

dubgoz Aute] A Af FHOZREH
FEHE U o FEH e E8Ms
A ZAF B2 FEtd fEHE oUAY o=
veld £ glok 2R FEE B8t fEEE
YRR AT AFe Y APz AN F
A A (Longitudinal Cut Method) 2.2 #Hl&o]
7bsdith A2 AL Bg T fEHE o
A2 A AY &2 vkF Aoz EejAd
AA FaelAe] &£ WIE AZFosy 7
& Atk

REEEBEERE 5 33 % B 1 5% 19965 28

aCt, 8Cw2, ACw3 (percent)

Fig.

ACt, sCw2, aCw3 (percent)

59

25.00

20.00

15.00

O HBce
Y Acw2
A ow3
10.00 73
5.00
o *
o F 1T, -

b ervvoena e lrge gl

L1istd

—5-00 Trrrvy T T T
-0.05 0.05 0.15 0.25 0.35 0.45

||||||||||||

Air Pressure k gflcml

4 Variation of Resistance coefficients
with the air pressure (at v=1.130nvs,
number of injection holes=364)

25.00 ‘
E NS
20.00
3 {
15.002 & TR
g * sz}
IOAOGE 4 pow
]
5.00-]
% 4 "—":4’-_J""l--\‘
().00E r’
5003 2L s T T

T T
-0.05 0.05 0.15 0.25 0.35 0.45

Air Pressure kgf/cm’

Fig. 5 Variation of Resistance coefficients

with the air pressure (at v=1.130m/s,
number of injection holes=273)



25.00

3
3 [ Y
20.003 =t
= e
§ 3
& 15.003
é 3 O pce
? 3 % jacw2
3 A Cw3
Y 10.00 =
N E
5 3
4 5.00—3
- 3
0 7 °
: R I e e B
0.003—% = T =
5. 00+

| e e
-0.05 0.05 0.15 0.25 0.35 0.45

Air Pressure kgf/cmz

Fig. 6 Variation of Resistance coefficients
with the air pressure (at v=1.130m/s,
number of injection holes=196)

71X FF &4EE wre] v A ARE AF
#den Al suAZ AS 715 AFo=
FH 9y A 7R 71X IF 4 |
slofl mer foj sy AFe] wsge d A
o] Wz} A Fig. 46 o JehlAth oo
oFA 71X FF gt yehte sHd A7
sk A Aol Hste] Hlgte] w9 Fe
Aog Yveiga gioh ol £ AL VXS
THEHE o AFel T/t AP A FY W
o 24 veit ez I 37 992 F2 33
Yoz dustd Y A F7hl sles A
o2 #dgddd. a2y o HMdMe AA ASF
Adl 371 8o w2e F719 oA gl
Aol =] A Rtk weEtM olg 1
23hk= Zo] "astA gq.

239 Fole eyt F FY ol F7)
FFE 3 3= ACVAAME 37 32
2 $FF H3} o|FA L It A FHAR
12 EEHeRA T Wzl AYe=
veidthn sjMstn Qloh = fARE A=A

o, d8¥

SESYl A%l $7] B&o] Av] Ygouw ¥
F9: o Hol I IO AV 2¥Y
Hae A% 4R ¥ gt Ao® BE oy
o £9F W4 EVAL YIS sHENYo
Az St ol BASE AF Tk o
o Aol TP o= Atk

ol T A A9sh & 4ge vmsd 3
7] Bl wEE $5% WS A% 4%
o A% 2718 dosle Aoz wuEh ot
goz J|E FFo W2t UF I WNE
AZSR A% 42E 24 BHGOE BT £
e Ao Az,

3.2 JIE 2& AXL o &0 ME HE
oj digl

Flaglo]Ho] HHo THg wel 4 7
o 22E J|XE &AW AFg AEE A8
Atk 71T BEE F90] Fole x| wer A
ol ofm gGko] mAE A& U] st
71E BE 7He 2 Y 7YYo Jra U)X
3 99g #sAye AYsdt TF AA
of & P 93 Ao JEPA] e
o 71X 5 ARE BET FAgoAE vy
9&d] ¥ THE JAZ FYHE 71EE 2
A7 gl fFEFe] FIHATE

Fn=0223% Fn=0258¢] ¥ &xo thale) 7]1¥
T3 YE8L 03 ket/em’2 YASA stz 7%
F 799 5 A8 A A AY @

ZA}3k AE Fg. 73 #) ol ojstd A
to] Ax £%7b Fn=0223% WE 79 5o W
g7 A3 Wzl Z AG3e Fx| E3A¢
Fn=02580X& 712 33 799 571 713
A& Z7leke dAsA Folme Ao e
3 ok e SxolA AF FtEe] Zart of
ZolA)x] e AL MA Fo M&e] WE ¢
2 W3y} AR FdHE 71X P 9% FAH
7] & Aoz wordch Fn=0258¢4 el
= AEe 71X FF ¢l ¥lsigEiE vhr A
%= Aoy Uelgth oleh 2 ARIE Hol 4

tlo ol

J

Transactions of SNAK, Vol. 33, No. 1, February 1996



FY He F9 K5W 7IE 33 Al B ABH A7 61

30.00

25.00

[/

20.00

/A

15.00

a Ct (percent)

10.00

e Ctm (Ve 1.30a/s }

X cta (V=12

ppdaepera s oo e ere o eiaaagg

0. 00 T T T T T T T
180 220 260 300 340 380

Number of Air Injection Holes

Fig. 7 Variation of resistance coefficients
with the number of air injection
holes (at air pressure=0.30kgf/cmm?)

8 £57t Mok X BF 7Y B o A
g gaol &} e Aoz wuEt o
0% F O BUY YAL Yohwy] st
7)) 7] stel e FYHAE PA 2AG
287} Qe Rew Az,

3.3 JIE 739 ax A

FA Aol AP 7E FF FHOZRE 7]
g 2zav 358 o IFE ¥ MA 3
Ho) ojgA) BIHE B ARoE #Ys
ZA¥ AL BH3iTh

JE FFE YA myAe 258 S8 st
T FF 4Ee F oug /AL 9 71X /%
AEIE #9319 Photo. 20 Roltk 71E FF
o] ¥ A9 o We ddgq s|xs}t ¥l
E Aoz BEHY ol FF ¢Ho| Fow
7129 3717} et Hol Yo %71z )
27l 33 WeEs) ey gl Aew wadnh
C 7E FEL 7)Mo 2RE MEmm-WL. Abo|

REEMEBEER IR 5 33 & F 1 3% 199%65F 28

Photo. 2 Comparison of bubblé form at
different injection pressures

o] ofefF: 7o HAE FHRteR = A5
EE 7HE O €0 ¥ 7IEE IFE BFE
Photo. 3ellA] vlaatgich. ofgfZe] FHvteg 7
¥E THE 4% Photo. 39 ofdiF Aol Uet
H TEE 7IE7t 53 sl sRes

ey WEd A Fad 7oA R Ao
2 vea ok 2y X 38 e Y
g 8ol £3IAZ Aeele Wes=x gx A
Az € 71EFe] FFe] A FRiF 712
7t ke dze] F7td e AFHI oA
FAre] Aol Ade] FHo g Hwstn Sioh
By 4 £x2& AT VX EEE X
At AFE Photo. 49 Holth dr|Me w2
£2AFE JAR ojFshe 7I1EF0] F7Mehs
Aoz FAHAD ok FA A FE E=
£ A2 e oM dAR fjlse 71X
F9 F7Het QA B9d o) dEo] IS
£ A ol AAHYE YET o

oldel #&F ZAAE FHEA VX IF AN}
43 zdel WY dolde A Zad 71oEA
F3ta 238 A¥S I/ Aoz yehn
Aok F2Ee 71¥7F FFHAASAE EF8I
A Zart e o2 AL 71X Fo] A
Fooll EAEA Hol upd AFe AT &
ek A 3 ARE F7HITIE 9Tl R
Al ok #EE .



62

Photo. 3 Dependency of air injection
region on bubble form

Photo. 4 Comparison of bubble form at
different velocities
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