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Fig. 8. Small bubble injection container Fig. 9. Pressure setup equipment

Fig. 10. Volume rate setup equipment Fig. 11. Model ship for experiments

4. DISCUSSION

Experiments have been done for several times in both calm water and regular wave
effect conditions, in a towing tank. For calm water experiments, the experiments had not
calculated the effect of wave and wind. Experiments were done by towing the model ship
on fresh water. The results of experiments in calm water are shown on Figs. 12–14 and
Fig. 16.

Fig. 12. Total resistant coefficient comparison Fig. 13. Total resistance comparison

In Figs. 12–16, the note of 0, 10 and 20 on the curves means the simulation and
experiments are conducted without using small bubble injection method and with using



A method of skin frictional resistant reduction by creating small bubbles at bottom of ships 331

small bubble injection method with the volume rate of injected air flows of 10 liter per
minute and 20 liter per minute, correlatively.

Figs. 12–14 show the comparison of total resistant coefficient (C) and total resistance
(R) between using and not using small bubble injection method. In cases of using small
bubble injection method, the experiments were carried out with 2 volume rates of injected
air flow. They are volume rates of 10 liter per minute and 20 liter per minute. Fig. 14 shows
the total resistant coefficient and the total resistance in simulation and in experiments.
The results are obtained when using small bubble injected method and the volume rate
of the air is set at 20 liter per minute. In this figure, the continuous curves are the results
in simulation and the interrupted curves are the results in experiments. It shows that the
result in simulation and in experiment have the same trend. However, there is a little
difference in value between simulation and experiment results. This difference is not hight
and acceptable. Causes of the difference may came from the experimental instrument, such
as sensor tolerance, data recorder...

Fig. 14. Total resistant coefficient and total
resistance, Q = 20 l/min

Fig. 15. Result of experiments in regular wave

The results of study in calm water in Figs. 12–14 show that the small bubble injection
method has a good effect on a ship at an interval identified operating speed. In the 20000
ton model ship, the interval identified operating speed for obtaining good effect from the
small bubble injection method is between the speed of 1.2 meter per second and the speed
of 1.6 meter per second.

In calm water, the highest reduction on resistance of the model ship is obtained
when the model ship is towed at the speed of 1.4 meter per second and the small bubble
injection is set at the injected air volume rate of 20 liter per minute. In this case, the
correlative total resistant reduction is 22.5%.

Fig. 15 displays the result of experiments in regular wave effect condition. The
model ship is towed at speed of 1.0 m/s. Experiments were tested with the wave height
magnitudes of 8 cm, 12 cm, 16 cm and injected air volume rates of 15 liter per minute
(R15), 20 liter per minute (R20), 24 liter per minute (R24). This figure shows that the
highest effect from small bubbles method on reduction ship resistance is obtained when
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the model ship is experimented with injected air volume rate of 20 liter per minute and
wave height magnitude of 12 cm.

Figs. 16–17 show the power supply for towing the 2000 ton model ship in calm
water and in regular wave experiments. In Fig. 16, the horizontal axis is model ship speed
(m/s) and the vertical axis is power supply (PS, W) for towing the model ship. In Fig. 17,
the horizontal axis is wave height magnitudes (cm) of regular wave experiments and the
vertical axis is power supply for towing the model ship.

Fig. 16. Power supply for towing model
ship in calm water

Fig. 17. Power supply for towing model ship
in regular wave, Q = 20 l/min

Fig. 16 clearly shows that in the interval speed, between 1.2 m/s and 1.6 m/s, when
the model ship using small bubble injection method, its power supply is reduction. The
highest power supply reduction is 15.3%. This reduction is obtained when the model ship
is towed at a speed of 1.4 meter per second and the injected air volume rate of 20 liter per
minute.

Fig. 17 displays the power supply for towing the 2000 ton model ship in regular wave
experiments. The result is compared between theoretical calculation and experimental
measurement. In this figure, power values are displayed in four groups by column bars.
Each group, four column bars, displays for power values of a state of wave height magnitude
(0, 8, 12 and 16 cm). In each group, from left to right, bars display for power value of
theoretical calculation with injected air volume rate of 20 liter per minute (PS20-theory);
experimental measurement with injected air volume rate of 20 liter per minute (PS20-
experiment); theoretical calculation without air injection (PS0-theory) and experimental
measurement without air injection (PS0-experiment).

Fig. 17 shows that the results of power supply for towing the model ship in the-
oretical calculation and in experimental measurement are approximately. It also shows
that the effect of small bubble method on reduction power supply for towing the model
ship in regular wave is around 10.3%. This reduction is obtained when the model ship
is experimented with wave height of 12 cm and injected air volume rate of 20 liter per
minute.
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5. CONCLUSIONS

Small bubble injection method has an effect on reduction ship resistance, and there-
fore, the ship energy consumption is reduction, correlatively.

In calm water, the small bubble injection method has a good effect on a ship at an
interval identified operating speed. In this research, experiments were carried out with a
20000 ton model ship, then, the interval identified operating speed for good effect from the
small bubble injection method is between speeds of 1.2 meter per second and 1.6 meter per
second. The highest reduction on resistance of the model ship is obtained when the model
ship is towed at the speed of 1.4 meter per second and the small bubble injection is set at
the volume rate of 20 liter per minute. In this case, the total ship resistance reduction is
22.5% and the correlative ship energy consumption reduction is 15.3%.

In regular wave experiments, the highest effect of small bubble method on reduction
ship resistance in regular wave is around 10.3% and the correlative reduction of ship energy
consumption is 8.6%. This reduction is obtained when the model ship is calculated and
experimented with wave height magnitude of 12 cm and injected air volume rate of 20
liter per minute.

Research found that the effect of small bubble injection method on reduction of
ship resistance and energy consumption in calm water conditions is higher than the ones
in regular wave conditions.
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