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Abstract

A Study on Improvement in the Resistance Performance for High

Speed Boat using Free-Ventilated Air Lubrication

Kim, Kyu-Sun

Advisor : Prof. Park, Je-Woong, Ph. D.

Department of Advanced Marine Transportation
System Engineering

Graduate School of Chosun University

Recently, the concerns for unstability of oil price and carbon
dioxide regulation are increasing across the country and various
countermeasures are being expanded to all industries. Especially, the
amount of greenhouse gas emitted from vessels at every year is known to
be about 600~800 million tons taking about 5% of the worldwide

greenhouse gas emission which is about 2.5 times that of airplane.

The greenhouse gas from vessels is expected to be fully regulated
soon. So it is time for Korea, as the number one in the world
shipbuilding industry, needs to prepare various countermeasures to

reduce greenhouse gas.
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This study mentioned about the method to reduce frictional resistance
by directly inducing the air coming to the bow of the ship during high
speed running to the bottom of the ship and spraying an air film on the

body of the ship for 30 knot class high speed small leisure boat.

Numerical analysis and model test for 2 dimensional model were
carried out and the effects of the speed of the ship and the change of
the air speed on the forming of the air film sprayed on the bottom of
the ship and the resistance performance were analyzed through model

test for 3 dimensional real ship model.

The conclusions derived through this study are as fol lows;

(1) As the air speed coming to the bow of the ship increases, the

amount of the air flowing to the bottom of the ship increases.

(2) The assumption is supposed the speed of head wind is not changed,
according to increase speed of ship inflow of air film is more
prolonged toward the bottom of the ship. Especially, the assumption is
given head wind is not existed, as the speed of the ship increases, the
phenomenon in which the air film at the bottom of the ship spreading
longer toward the stern of the ship. That is, according to principle of
Bernoulli, as the water speed increase at the bottom of the ship the
pressure is relatively lower. Then, it causes more inflow of the air

from the atmosphere.

_ix_



(3) For step installed at the exit of the air guide plate, there a
large amount of reduction of frictional resistance. However, without
air inflow, the resistance increases rather due to the turbulence
occurred on the stairs. |f the step is installed in the bottom of the
ship, however, frictional resistance can be reduced as the air flew in
from the bow forms air-cavity in the rear of the bottom stairs even at

the lower speed.

(4) |f there is no bottom step, the whole resistance can increase as
the resistance by the air guide plate becomes bigger than the reduction

of frictional resistance if the ship speed is relatively low.

(5) The air film is formed better if the exit of the air guide plate is
extended to the after part of the ship. However, more studies are
required to clarify to which extent of the bottom the intersection exit

should be extended for better efficiency.

(6) For an application of the air guide plate to an actual ship, the
enforced initial designed drag showed larger bow wave patterns by the
air guide plate at a certain speed range compared to bare hull without
an air guide plate but the resistance is reduced. The reason is that
the reduction of frictional resistance by an air film became bigger
than the increase of wave resistance. However, the ship doesn't glide
well even at the high speed and there is a large trim by head because of
the weight of the air guide plate and transformation of the bow. The

resistance will rather increase if there is no enforced trim by stern.
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(a) Va=0.0 m/s

(b) Va=3.0 m/s

(c) Va=6.0 m/s

< Vw=1.5m/s(Case-1) > < Vw=2.2m/s(Case-2) >

Fig. 3-4 Comparison of air cavity at Vw=1.5m/s & 2.2m/s
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(a) Vw=1.5m/s(Case-1)

(b) Vw=2.2m/s(Case-2)

(c) Vw=4.0m/s(Case-3)

Fig. 3-5 Comparison of air cavity for water speed effect
(Va=0.0m/s)

_24_



(a) Vw=1.5m/s

(b) Vw=2.2m/s

(c) Vw=4.0m/s

< Case-1, 2 & 3 > < Case—4 >

Fig. 3-6 Comparison of air cavity for outlet position (Va=0.0m/s)
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Begin Loop > Solve U-Momentum

v

Solve V-Momentum

v

Solve W-Momentum

Exit Loop Repeat +

Solve Mass Conservation ;

Update Velocities

v

Solve Enthalpy
v v +

Check for Convergence

Solve Species

v

Solve Turbulence

Update Properties Kinetic Energy
v Solve Eddy Diss.

Fig. 4-1 Segregated solver algorithm
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symmetry

Air inlet

sure H1%)

Water inlet = vq

Fig. 4-2 Boundary conditions
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Fig. 4-3 Generated grid system
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(a) Va=0.0 m/s

(b) Va=3.0 m/s

(c) Va=6.0 m/s

Fig. 4-4 Computed skin friction distributions at Vw=1.5 m/s
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(a) Va=3.0 m/s

(b) Va=6.0 m/s

Fig. 4-5 Computational results for air cavity at Vw=1.5 m/s

_42_



(a) Va=3.0 m/s

(b) Va=6.0 m/s

Fig. 4-6 Computational results for velocity vectors above

free surface at Vw=1.5 m/s
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Fig. 4-7 Schematic view of original and stepped bottom
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Fig. 4-8 Schematic view for numerical analysis

_44_



xk S
opE X

0.450

0.400

0.350

0.300

0.250

=

0.200

0.150

0.100

0.050

0.000

W/OPlate 1.5m/s 3.0m/s 6.0m/s

m Original 0.370 0.407 0.354 0.326
H New 0.399 0.348 0.343 0.276

Fig. 4-9 Comparison of viscous drag due to air speed and stepped bottom
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Fig. 4-10 Comparison of wave patterns
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Fig. 4-11 Comparison of bow wave patterns due to the variation of air

speed (Original hull form)
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Fig. 4-12 Comparison of bow wave patterns due to the variation of air

speed (New hull form)
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(a) Original (b) New

Fig. 4-13 Comparison of wave patterns and air cavity on bottom
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(a) Original (b) New

Fig. 4-14 Comparison of pressure coefficient
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Fig. 4-15 Comparison of skin friction coefficient



(a) Original (b) New

Fig. 4-16 Comparison of air cavity on bottom
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Side-Fin

Fig. 52 Sketch of Side-fin
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Table 52 Test conditions for free-ventilated air lubrication

Test case Remarks
Case-1 Original (Even trim)
Case-2 Case-1 + Air guide plate
Case-3 Case—2 + Initial trim 4°
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T

Fig. 5-3 Test models for Case-1 and Case—2
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(a) No—wind condition

(b) Wind condition

Fig. 5-5 Wave patterns for Case-1, V=26 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-6 Wave patterns for Case-1, V=28 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-7 Wave patterns for Case-1, V=30 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-8 Wave patterns for Case-1, V=32 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-9 Wave patterns for Case-2, V=26 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-10 Wave patterns for Case-2, V=28 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-11 Wave patterns for Case-2, V=30 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-12 Wave patterns for Case-2, V=32 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-13 Wave patterns for Case-3, V=26 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-14 Wave patterns for Case-3, V=28 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-15 Wave patterns for Case-3, V=30 knots
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(a) No—wind condition

(b) Wind condition

Fig. 5-16 Wave patterns for Case-3, V=32 knots
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