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Development of Void Fraction Measuring Device for Full-scale Test
by Akihiko Ikemoto, Student Member Hiroharu Kato Member

Yuki Yoshida, Member

Summary

An optical measurement device of microbubble void fraction was developed especially aiming at the full-scale
test. The strut with a side window was installed on the hull surface of M.S. Seiun-maru.
A CCD camera in the strut took pictures of microbubbles through the side window under a stroboscopic light.
The image of microbubbles was processed by a PC using a picture processing software.
The void fraction distribution has a peak at the distance of 5-10mm from the hull surface. The void fraction also
changed much according to the ship speed. Such the data is invaluable for the research on the turbulent

frictional drag reduction of a ship by microbubbles.
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Fig.3 Computational result of void fraction
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Void measuring device

Photo 3 Void-measuring device attached
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Fig.14 Distribution of local void fraction
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35 P == - - . ——— - e e e
o
5 25 / \
% 2 / \ |
- \ |
1% X |
817 N\ e
o . . " j
0 ] 10 15 20 25 30
L 1 1 i | 1 ]
0 68 128 208 278 322 370

Distance from the ship’s bottom (mm)

Fig.15 Distribution of local void fraction
(v=19kn, 1/2MAX)

as - SRR -
- 3
&
~ 25
s 2
£
z 15
> i
3 '
3 o5 P —
0 5 10 15 20 25 30
\ ] ] 1 1 1 )
0 6.8 12.8 208 278 322 370

Distance from the ship's bottom (mm)

Fig.16 Distribution of local void fraction
(v=21kn, 1/2MAX)

SHWVWHHE 14kn TREERZ, FEAYRbhkh -
1=o
52 KWER - B - &fom

o] 05 1 15 2
Bubble diameter (mm)

Fig.17 Distribution of the number and volume
(v=19kn)

BRI ESICZIDORS FRFTRIAPERE., BRD
HANBBIZHES, Fig.17T CKBOBEK - K2 HD
—fiERT, BEOHEAZLERE 0.5mm. &Fi9H
TREZ lmm OLOARLEL B LTS, Fig.17
1385 19kn TOH A R(Fig.16 LE L) TH D15, #a
# 17kn. 21kn COHAIKER L IZIER CHRA%ER

LTW3, [UISEENBERBRHRIIED LS CEET
SHPREALISLEETHD, SEIDLS 2iHB%E

BTN LETH B,

6. K

ARARTEONIEEREUTICELD 5,
1) CCD h A5, LED RbuRERAWVWB I EIZED,
EMRERIZEWTLRAS FERHATH N TE,
2) CFD Iz XD &EBRADOMNEHE L KR, Tho
BNt k5B AL, F72T7 ) JIZLBBRD
HEBULBETH I ENTE,
3) KA FERIMEH»S 5~10mm (FIER]) DfifiTy
—2%RLTHED, ME (Omm) HETOERFRELD
KL< >TW5B,
4) BE 19kn D& E, HA FEARLBWEE -T2,
5) K@Mz, BHIHTITERO0.5mm »S, &KELMH
TIREZ 1Imm BRLBWEE -7,

A

ZOWRIIBFEMTRH S SR239 HRABLO—R
ELTEEEN, THEVWEEWERARXEAR Y
thHETHIRABRMICHEERLET, o, READ
DIBHERIZHWT CFD AR ERHEL TW W

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

50

=4a)
9,

1)

2)

3)

4)

5)

6)

)]

8)

9)

10)

11)

H A& 2 2

XHgE BE

NEREAVEOHS 8 RKICELSBILRL LT

BE XM

McCormick ME, Bhattacharyya R (1973) Drag

reduction of a submersible hull by
electrolysis. Nav Eng J 85:11-16

Guin M M, Kato H, Yamaguchi H et al (1996)
Reduction of skin friction by microbubbles and
its relation with near-wall bubble concentration
in a channel. J Mar Sci Technol 1:241-254
EEEC, A)IE, RERH (1997 w4 2an
TNz L HAEBEBREREROMN A E A, BEE
MELERICHR. Vol.182, pp.1-8

WA, WMFE, A%E (1998) RREXM %M
W B/NR IR & LT & B ERIETERER.

B A L3R, Vol.183, pp.53-63
Yoshida Y, Takahashi Y, Kato H et al (1998)
Study on the

reduction by means of micro-bubble sheet and

mechanism of resistance

on applicability of the method to full-scale ship,
ggnd symposium on Naval Hydrodynamics,
Washington

JIALF &, BFE— (2000) MhAEENRE L
HEERA A 20NN Tz & 5 EBEHER
HRIIRITTRE, BAREMFSRE. Vol.188,
pp.11-21

M. PEHE, HTEA. tEBFE, SEHFH
(1997) ZKUEMEIC & 5 BB OB IBIEFERE
. BAREMFESIRCE. Vol.182, pp. 121-128
RKME—ER, EXME, PRAESBME (1998 &
KERE TR T 2RIEEFRA Lk E
BIEF OB GE18#) . BAREMERIRCE,
Vol.183, pp. 45-52

Fukuda K, Tokunaga K, Nobunaga T et al
(1999) Frictional drag reduction with air
lubricant over super water repellent surface
(2" report) J. Society of Naval Architects of
Japan, Vol.186, pp. 73-81

Bogdevich VG, Evseev AR, Malyuga AG et al
(1977) Gas saturation effect on near-wall
turbulence characteristics. Second
International Conference on Drag Reduction,
Cambridge, England, BHRA, pp25-37
Madavan NK, Deutsch S, Merkle CL (1985)

12)

13)

14)

15)

Measurements of local skin friction in a
microbubble-modified  turbulent
layer. J Fluid Mech 156:237-256
Yoshida Y, Takahashi Y, Kato H et al (1997)
Simple Lagrangian formulation of bubbly flow
(bubbly
boundary layer flow), J Marine Science and
Technology, Vol.1, pp.73-81

Kato H, Iwashina T, Yamaguchi H et al (1999)
Effect of microbubbles on the structure of

boundary

in a turbulent boundary layer

turbulence in a turbulent boundary layer. J
Mar Sci Technol 4:155-162

I8, JIB%ER, BEEC. RERE (1997)
T4 7 a7 LD UK, 70 El#6 5
MR AR RS HEEER L.

O, mMEEREL. FEBHR. BABF (2001)
YA 7 unTLVOBEEEABBRHRICIRIETS
HEBLURAKRA FROEE, HAR¥ES 2001
FEEFERKEHBERXSE () , pp. 261-262

NI | -El ectronic Library Service



