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A Full-scale Experiment on Microbubbles for Skin Friction Reduction Using "SEIUN MARU"
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Summary

This paper is the first half of the report on the study on microbubbles carried out by the SR239
project of the Shipbuilding Research Association of Japan, and describes the preparatory study for
the full-scale experiment using a 116m-long ship. In the present study, first the skin friction
reduction effect by microbubbles was investigated including the use of an array- -of-holes plate for
bubble generation, the effects of streamwise pressure gradient, surface curvature, and vertical plate,
the sea-water effect, and the effect of bubble size. Bubble generators for the full-scale experiment
were designed and built, and a preliminary injection experiment was carried out. Two new
measuring devices for the full-scale experiment were developed; they are skin friction sensors and
local void ratio sensors. Microbubble experiments were carried out in a 400m-long towing tank
using a 50m-long flat plate ship, in order to obtain the scale effect data and to confirm the validity of
the new devices for the full-scale experiment. The use of adhesives to fix measurement devices and
cables on the hull surface was tested and established. The hydrodynamic fairing of the cables was
also tested and established. Finally, a preliminary microbubble experiment using a small ship was
carried out and the bubble behavior was observed.
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Fig.1 Local skin friction reduction by microbubbles
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Fig.2 Local void ratio distribution
(Array-of-holes plate)
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Fig.3  Bubble radius distribution
(Array-of-holes plate)
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Fig.4 Local skin friction reduction versus pressure
gradients
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Fig.56 Resistance increase on the vertical wall model

by microbubbles
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Fig.6 Skin friction reduction on the vertical wall by

microbubbles
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Fig.7 Comparison of skin friction reduction effect
by microbubbles in fresh and sea water
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Fig.8 Bubble diameter distribution in fresh
and sea water (U=Tm/s, P2)
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Fig.10 Bubble injection device
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Fig. 13 Local shear stress sensor
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T2 REE TR, TORR. Fig.24 IRENBD X I i,
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SNFEB, TR 77V I X VEBRENE o
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Fig.14 Local shear stress sensor on the long

flat plate model for preliminary experiment
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Ship‘s bottom

10mm

CCD camera

Gover board o O
o
°, [&E=a

Bubbles
Strobo light -] /|
LED strobo
Elow (X)
Strut

Fig.15 Measurement principle of void measuring

device

Fig.16

Void-measuring device attached on the

bottom of model
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Fig.17 Distribution of local void fraction
(v=bm/s Q=400L/min)
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FUERS R ETRT, Type Bl iZ27 =7 Y Y /R LOGE
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Fig.18 Cross-sectional forms of the typical wire

fairings
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Fig.19 Skin friction reduction at downstream of the

wire fairings by microbubbles

2.10 RRIEKRRE

(DREREBER

2 A 7 R AT LD BREIEHERRORERE,

FThbLEMCTIHVRAY—ALTEORERONDH
B, W ERFRELTIRA O 400m KBV TR
X 50m 1B 1m PR REARM A B HHE Tm/s TRH L.
v A7 aN"TVRBREERK LK,
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' 08 %

Airinjection at bow g 0.6 L4

(3.0m from bow end) X oa | Ag=002
° = ® =004

(a) Bow half 02 |
P4 (31.5m) P5 (32.8m) PG (36.8m) 00
0.0 100 200 30.0 400

Airinjection at middle
(31.0m from bow end)
(b) Stern half
Fig. 20 The 50m-long flat plate ship for large-scale

experiments
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Fig.21 Reduction of total drag of the 50m-long ship
by microbubbles (bow injection)

diatance from bow end X (m)

Fig.22 Local skin friction reduction distribution

(V=Tmls).
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Fig.23 Effect of boundary layer thickness at
injection point on skin friction reduction

by microbubbles (V=7Tm/s)
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Fig.24 Local skin friction measurement (without

bubble)
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Fig.25 Local skin friction measurement with bubble
(V=Tm/s)
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Table 1 Characteristics of the adhesive

T 2(A/B) acrylic | HARDLOC C-355
e
P components (DENKIKAGAKU CO.)
Pot life 5 min.(at20°C) | Mixing ratio : A/B=1/1
Curing 20 min. Reaching to 9.8N/cm?
time (at20°C) by bonding strength
. Shearing strength
Adhesi 58 kN/0.01 m
esive (Adhesive layer : 1mm)
strength al N
@t20°C) | 11 kN/0.1m eavage strengt
(Adhesive layer : 1mm)
3 Patty or
Cable Adbezive umthane:'oam
Painted film

Y

~—<H I ’
I Plinth /‘ .
Measuring 3
Fairing boad Instrument Painted film
Blasting area '——4

Fig. 26 Bonding and fairing by adhesive
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Table 2 Adhesive bonding method
Process Procedure
Surface Painted film to be removed with
preparation blasting
. Bond the plinth for installation
Bonding . . .
. of instruments by adhesive with
of plinth . .
magnetic retainer
Installation Aftgr o(rlle .hour handlm_g strength
£ instrument achieved, install the instrument
0 ' and the fairing board.
Bondin Bond the cables by adhesive and
oncing fair them with patty and
of cable
urethane foam
. Coat the fairing board and the
FRP coating bonded cables with FRP
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Microbubbles

: Flow

Bar keel

Fig.27 Microbubble flow observed at bottom of
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