u

) <

The University of Osaka
Institutional Knowledge Archive

. Effect of air lubrication method on frictional
Title ; . : X -
resistance reduction in real ship experiment

Author(s) |Hoang, Cong Liem

Citation |KFRKZ, 2011, HIHX

Version Type

URL https://hdl. handle.net/11094/59163

rights
ZENSA VI —3v NMAHDHFEIESATWAW
2, HXDEEDHE AL TVWEYT, 2XDTF
Note | ECEZDBAR, <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#closed”> KR KFEDIEBLEHHRTICD W
K/ TSREI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



—697—

[32]

K %
L OB LG DO FR
# oo F
¥ S FEAH
PG 0"t
EE VA I G
oL A & H

Hg;ng Cgﬁg I:féﬁ

o+ (%)

¥ 24948 &

SRR 238 49 H 20 A

EATBIRIEE 4 455 1 TERL Y

TR R ER R & L K

Effect of air lubrication method on frictional resistance reduction
in real ship experiment
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Air lubrication method is a method in that air bubble is injected into the turbulent
boundary layer developing downstream along the solid surface in water flow. By
injecting air bubble into the turbulent boundary layer, promising results of frictional
resistance reduction has been obtained. With as much as 80% of frictional resistance
reduction observed from the experiment results, air lubrication method shows that it
has a potential to reduce the frictional resistance which is nearly 70% of total ship
resistance in the case of low speed full form ship. In this thesis, the effect of air
lubrication method on frictional resistance reduction by conducting experiment with
air lubrication using the real ship- cement carrier Pacific seagull was investigated.

The dissertation is divided into five chapters:

Chapter 1 introduces a brief review of research history of air lubrication method.
Experiment results and the endeavor of researchers in finding the air bubble drag
reduction mechanism are presented.

Chapter 2 describes about the preliminary experiment with very long slender model
(50m in length and 1m in Width). This experiment was conducted in order to develop
the equipment for real ship experiment which would be carried out. The model was
towed by the carriage in 400m towing tank at National Maritime Research Institute
(NMRI). Test speed was set at 7m/s. The experimental results obtained from the shear
stress sensor designed in this research for full scale experiment were compared with
the results obtained from the shear stress sensors for model scale experiment of NMRI.
Comparison results show a good agreement between two results. It means that the new
type shear stress sensor designed in this research is able to be used in the real ship
experiment.

The real ship experiment is shown in chapter 3. This real ship experiment was
carried out by the cooperative research project with NMRI, Hokkaido University, Osaka
University, Azuma shipping company and sponsored by New Energy and Industrial
Technology Development ‘Organization. In this project, the measurements of thrust,
torque and shear stress were carried out by author. The results showed that torque and
thrust were decreased due to the effect of bubbles. If the value of thrust deduction is
assumed constant with and without bubbles, the effect of bubbles in reducing frictional
resistance or ship resistance is clearly proved by the experimental results. The
maximum total resistance reduction in case of ballast condition and full load condition
were about 11% and 6%, respectively. The mean propeller inflow velocity was increased
for with air lubrication from no air condition due to the viscous resistance reduction.
This phenomenon is considered using very simple boundary layer method.

Chapter 4 gives an illustration of frictional resistance reduction by effect of air
lubrication which was confirmed by the results of the real ship experiment. In this
chapter, boundary layer method of integral type is utilized with the assumption that
local skin friction is reduced by the injected bubbles. Local skin friction distribution,
axial velocity distribution and momentum thickness are computed for with and without
bubbles cases. Calculated results show that reduction rate of local skin friction has the
distribution although the same constant reduction rate is applied to the local skin
friction law. It means the boundary layer development is different for with and without
air bubbles. The result also shows the difference of velocity distribution at propeller
plane which was observed in real ship experiment indirectly by thrust measurement.
Change of pressure inside boundary layer is also considered in computation.

The final chapter is the main conclusions drawn from the investigation of air

lubrication method. The necessary of conducting further investigations in order to find

air bubble drag reduction mechanism is also mentioned.
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