WO 2008/026903PCINCR2007/004227 Description FLOW CONTROL
DEVICE FOR IMPROVING PRESSURE RESISTANCE AND HULL
VIBRATION Technical Field [1] The present invention relates to a flow
control device for improving pressyre resistance and hull vibration, and
more particularly, to a flow control device for improving pressure

wo rmsigiegnse and hull vibration, which is capable of giving @@taasmat/veyzge
environment to crews and passengers of a ship by reducing vibration
caused by a ship propeller and capable of saving fuel by enhancing
propulsive efficiency of th §¢F§P$5%round Art [3] In the present
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[21  fuel even when the horsepower of the engine is increased. [6] Fig. 1 is a
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and rapidly. However, hull vibration is increased by a ship propeller and a lot of fuel is
consumed due to an increase of an engine horsepower resulting from the large ship

moving at a high speed.

[51 Therefore, there is a need for the development of a device which can reduce hull
vibration by the ship propelier and save fuel even when the horsepower of the engine is
increased.

(6] Fig. 1 is a schematic side view of a conventional fin device of a ship. Fig. 2is a

schematic side view illustrating the flow of a fluid, which is controlled by the con-
ventional fin device of the ship. Fig. 3 illustrates the comparison of the speed of a fluid
flowing into the propeller of the ship provided with the fin device shown in Fig. 1 with
the speed of a fluid flowing into the propeller of a bare hull provided with no fin
device. Fig,. 4 illustrates the comparison of constant pressure lines of the ship provided
with the fin device shown in Fig. 1 with constant pressure lines of the bare hull.

171 The conventional fin device of the ship is disclosed in Japanese Patent Laid-Open
Publication No. 2002-362485, and was contrived to improve propulsive efficiency and
reduce resistance of a ship body. ,

[8] The fin device of the ship includes two fins 5 and 6 which are respectively provided
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[7] The conventional fm device of the ship is disclosed in Japanese Patent
Laid-Open Publication No. 2002-362485, and was contrived to improve
propulsive efficiency and reduce resistance of a ship body, [8] The fin
device of the ship includes two fins 5 ang 6 which are respectively
provided AMENDED SHEET (ART. 34) on the front and rear sides. Both
wo ibR/M¥s03 and 6 are mounted to an outer WO PCT/KR2007/004227
2008/026403PCT/KR2007/004227 plate of the ship body so as to protrude

at an almost right angle, and have a thin. thickness. The front fin 5 has
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Lbp) on the bow side from a vertical line S of the stern, and is installed
wider the central height of a propeller 4. The front fin 5 is inclined such
that its height from the bottom of the ship increases as it goes toward the
stem. The front fin 5 has a length LI smaller than the diameter 1) of the
propeller 4. A protruding width of the front fin 5 from the ship body is
smaller than 10% of the diameter D of the propeller 4. [101 The rear fin 6
is disposed in parallel to the bottom of the ship between the centerline of
the propeller 4 and a propeller tip, and is installed right ahead of the
propeller. The rear fm 6 has a length L2 smaller than the diameter D of the
propeller 4. A protruding width of the rear fin 6 from the ship body is
smaller than 20% of the diameter D of the propeller 4.
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[11]The front fin 5 serves to weaken a vortex (bilge vortex) 9 which spirals
from the bottom of the ship to the side of the ship, and also sequentially
guide the vortex toward the propeller. The rear fin 6 serves to prevent
diffusion of the bilge vortex 9 which is guided toward the propeller 4 by the
front fin 5. The flow of a fluid 10, which flows through a gap between the

WO @RS and the rear fin 6, serves to prevent diffusion SCHERIMGEOWUZAEX
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2@@9}@2@%3 ﬁ:@*ym the rear fin 6, serves to prevent diffusion of
the bilge vortex 9.

If the bilge vortex 9 is weakened as described above, the fluid flown into the
propeller becomes more uniform. If diffusion of the bilge vortex 9 is prevented,
induction resistance caused by the bilge vortex 9 is decreased. Thus, resistance of the
ship body can be reduced and propulsive efficiency of a ship can be improved.

The present inventors performed a numerical analysis in order to confirm the con-
ventional effects. The results of the numerical analysis are shown in Figs. 3 and 4.

Fig. 3(a) shows the speed of a fluid flowing into the propeller of a bare hull provided
with no fin device, and Fig. 3(b) shows the speed of a fluid flowing into the propeller
of a ship provided with the fin device shown in Fig. 1. In Fig. 4, lines indicated as prior
art show the constant pressure lines of the ship provided with the fin device, and lines
indicated as bare hull show the constant pressure lines of the bare hull. In Fig. 4, the
closer toward the stern, the larger the constant pressure line.

The present inventors set an attachment condition of the fin within a range of the
embodiment disclosed in Japanese Patent Laid-Open Publication No. 2002-362485 in
performing the numerical analysis.

The front fin 5 was disposed at the location of 15% of Lbp from the perpendicular
line A.P. of the stern in the length direction of the ship and mounted at the location of
30% of the diameter of the propeller from the bottom of the ship in the height direction
of the ship. Further, the length of the front fin 5 was set to the same as the propeller
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diameter, the width of the front fin 5 was set to 7% of the propeller
diameter, and an angle of the front fin 5 to the bottom of the ship was set
to 10 degrees. Furthermore, the rear fin 6 was mounted right in front of the
propeller in the length direction of the ship, and at the location of 90% of
the propeller diameter from the bottom of the ship in the height direction of

wo 106 cielgs The length of the rear fin 6 was set to 80% of the.nrgpeller .-
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diameter, the width of the rear fin 6 was set to 10% of the propeller
diameter, and the rear fm 6 was set in parallel to the bottom of the ship.
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improving pressure resistance and hull vibration, which is capable of reducing
vibration caused by a ship propeller and also resistance of a ship body by preventing a
bilge vortex from flowing into the ship propeller, and reducing vibration caused by the
ship propeller by accelerating the flow of a fluid flowing into upper and lower sides of
the ship propeller.

Technical Solution

In accordance with an aspect of the present invention, there is provided a flow
control device for improving pressure resistance and hull vibration, the apparatus
including: a IoWer fin disposed between 2 station and 4 station in a length direction of
a ship and between 10% and 20% of a design draft from a bottom of the shipin a
height direction of the ship, the lower fin being inclined at an angle of 20 degrees to 40
degrees with respect to a design draught (or base) line; and an upper fin disposed
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between the 2 station and the 4 station in the length direction of the
MOOED SHEET (ART, 34) WO 2008/026903PCT/KR2007/004227 ship
and between 30% and 60% of the design draft from the bottom of the ship
in the height direction of the ship, the ugper fin being inclined at an angle
of 10 degrees to 30 degrees with respect to the design draught (or base)

wo 2iE83] Preferably, the flow control device further inclugesrreeriditional
fin disposed between 1 station and 3 station in the length direction of the
ship and between 5% and 20% of th (iﬁSl n draft fro he bottom of the
s‘PﬁBVﬁ?Iiﬁléeﬁeﬁ‘@H?‘a?r‘é%m?n4o?%‘é“§ﬁt§ SR 19 'h Being inclined at
an angle of 10 degrees to 40 degrees with respect to the design draught
(or base) line. [24] The lower fin generates a new vortex. The new vortex
changes the path of a bilge vortex through an interaction with the bilge
vortex, preventing the bilge vortex from flowing into the propeller. The new
vortex also makes slow the velocity of a fluid over the propeller plane,
improving resistance performance. The upper fin and the additional fm
accelerate the velocity of a fluid flowing into the propeller, decreasing
vibration caused by the propeller. In particular, the upper fin further makes
straight a smooth line on the surface of the ship body, helping to improve
resistance performance. [25] The upper fm, the lower fin and the
additional fin may be formed in a rectangular, trapezoidal or triangular
shape. [26] Preferably, the upper fin, the lower fin and the additional fin
each have a thickness of 20 nun to 100 mm, a width ranging from 0.1% to
0.5% of a ship length, and a length ranging from 0.3% to 3% of the ship
length. [27] In accordance with another aspect of the present invention,
there is provided a ship provided with the flow control device as described
above. [28] Advantageous Effects

[HEEIDED SHEET (ART. 34)




[29] In accordance with the present invention, vibration caused by the ship
propeller can be reduced by only attaching simple fins. Accordingly, a
pleasant voyage environment of crews and passengers can be obtained
and fuel can be saved through the imprgvement of propulsive efficiency of
the ship. [30] Brief Description of the Drawings [31] The above and other
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Fﬁb)vgng mto the propeller. The new vortex also makes slow the velocity of a flmd over
the propeller plane, improving resistance performance. The upper fin and the
additional fin accelerate the velocity of a fluid flowing into the propelier, decreasing
vibration caused by the propeller. In particular, the upper fin further makes straight a
smooth line on the surface of the ship body, helping to improve resistance performance.

The upper fin, the lower fin and the additional fin may be formed in a rectangular,
trapezoidal or triangular shape.

Preferably, the upper fin, the lower fin and the additional fin each have a thickness of
20 mm to 100 mm, a width ranging from 0.1% to 0.5% of a ship length, and a length
ranging from 0.3% to 3% of the ship length.

In accordance with another aspect of the present invention, there is provided a ship
provided with the flow control device as described above.

Advantageous Effects

In accordance with the present invention, vibration caused by the ship propeller can
be reduced by only attaching simple fins. Accordingly, a pleasant voyage environment
of crews and passengers can be obtained and fuel can be saved through the 1m-
provement of propulsive efficiency of the ship.

Brief Description of the Drawings

The above and other objects and features of the present invention will become
apparent from the following description of preferred embodiments given in
conjunction with the accompanying drawings, in which:

Fig. 1 is a schematic side view of a conventional fin device of a ship;

Fig. 2 is a schematic side view illustrating the flow of a fluid, which is controlled by
the conventional fin device of the ship;
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[38] Fig. 7 illustrates the comparison of the speed of a fluid flowing into a
propeller of the ship provided with the flow control device shown in Fig. 5
with the speed of a fluid flowing into a propeller of a bare hull provided
with no flow control device; [39] Fig. 8 illystrates the amount of cavities
included in a unit volume, which are cha?lged by the speeds of the fluid

nes,o%‘ﬂghe ship provided with the flow control device shown In
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constant pressure lines of the bare hull; and [41] Fig. 10 illustrates the
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Fig. 10 illustrates the comparison of effective horsepower of the ship provided with
the flow control device shown in Fig. 5 with effective horsepower of the bare hull.

Best Mode for Carrying Out the Invention

Hereinafter, an embodiment of the present invention will be described in detail with
reference to the accompanying drawings.

Fig. 5 is a schematic side view of a ship provided with a flow control device for
improving pressure resistance and hull vibration in accordance with an embodiment of
the present invention; and Figs. 6A to 6C are partial plan views of the ship provided
with the flow control device shown in Fig. 3.

In the present embodiment, an upper fin 102 is located between 2 station and 4 station
in the length direction (X-axis direction) of a ship 100, and at a height H1 between
30% and 60% of a design draft from the bottom 108 of the ship in the height direction
(Z-axis direction) of the ship 100. The upper fin 102 is inclined at an angle D1 of 10 to
30 degrees with respect to a design draught (or base) line 110.

- A lower fin 104 is located between the 2 station and the 4 station in the length
direction (X-axis direction) of the ship 100, and at a height H2 between 10% and 20%
of the design draft from the bottom 108 of the ship in the height direction (Z-axis
direction) of the ship 100. The lower fin 104 is inclined at an angle D2 0f 20 to
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40 degrees with respect to the design draught (or base) line 110. [47] An
additional fin 106 is located between 1 station and 3 station in the length
direction (X-axis direction) of the ship 100, and at a height H3 between 5%
and 20% of the design draft from the bogom 108 of the ship in the height
direction (Z-axis direction) of the ship 100. The additional fin 106 is
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specific temperature and a liquid state is changed to a gaseous state.
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[53] Further, the bilge vortex, guided to the region above of the propeller
by the lower fm 104, serves to make slow the velocity of a fluid flowing
through the region above of the propeller, increasing a pressure in the
region above of the propeller. The mcre%sed pressure in the region above
of the propeller functions as force to propel the ship body forwardly.
Consequently, pressure resistance of the ship body is decr. 4 ig.
g?es the comparison of the speed of a fluid flowmgeln?l%ag%ré%éﬁgr
of the ship provided with the flow control device shown in Fig. 5 with the
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is bagemes fasidsamsCufatfddieh hE3 $@bR afdox 443 direction and placed at a
height, which is 10% of the design draft from the bottom of the ship 108 in the Z-axis
direction, and inclined at an angle of 23 degrees with respect to the design draught (or
base) line 110. The fins 102, 104, and 106 were formed in a rectangular shape, lengths
L1, L2 and L3 thereof were respectively set to 1% of the LBP, and a width W-thereof
was set to 0.2% of the LBP.

The results of the simulation test and a numerical analysis under the above conditions
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[59] If the velocity of the fluid flowing into the propeller becomes fast as
described above, vibration caused by the propeller is decreased. The
results are shown in Fig. 8. [60] In Fig. 8, a horizontal axis indicates a
rotation angle in a clockwise direction (a pd)sitive value) on the basis of the
12 o clock direction and a rotation angle in a counterclockwise direction (a

wo Begaisesvalue) when the propeller is viewed from the bagkatabgy stz

[57]

(58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

body, and a vertical axis indicates cavities included in a unit volume. [61]
In Fig, 8, at I|n cor esponds to a value in case of the bare hull and a
thick %ﬁ?@“&(‘ﬂ §5onﬁ’s 0 a value in case of the present embodiment From
thefigrd Vansaten thamud welerithdisterHenaindbrid Aomas intubreampeie:
urtiigvGleynkowdess:varting: od adb ot thel presidet ermbadifltentdirasi dethe, cade

vofﬁ@emy@hbwu oM EREARAU Bl BeoCRMIIRBISIRLAERASSEhoY INAHOBrAkE tO

theg g ris rg uced Consequently, it can be understood that vibration
use by epro eller is reduced in the case of the presen rﬂfmbodlment
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3] From Fig. 9, it can

t?m(é} A PEE, gt“?% a point, a pressure at the point is greater in the
caslé bt ﬂvéopntarsﬁ mheeﬂwbanwerm iathmpiepetigsbeepmss fasiras Hascribetrhege.
whébgiioe ehiffethcthbpivpeRer ihddweedsthdsesidnificahtiyvgie®ia®e
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If ﬁ%&&?@?@%’ﬂéﬁéﬂﬁf‘é HECHERENg %@Lﬁéé”&ﬁﬁé‘&emé‘%%ﬁﬁ%‘?
effleidnefitiof dip bedy, cah Dectiingtevisdndipdacenyidca rackidedin mumigvalgme.
[65] 195. 9, QAnaNEnt QBritksinataceifediivénhass ef tweneftalbhid.a thick line

F'%A&ﬁbﬁ&@t&%ﬁﬁe\ﬁa’\é@'&@ %ﬁ@%&é@ﬂ@ Fidkn the two values, it can
be seen that the amount of cavities included in the unit volume is less in the case of the
present embodiment than in the case of the bare hull. If the amount of the cavities is
decreased, vibration due to the propeller is reduced. Consequently, it can be understood
that vibration caused by the propeller is reduced in the case of the present embodiment
than in the case of the bare hull.

Fig. 9 illustrates constant pressure lines on the surface of the ship body. In Fig. 9,
lines indicated by a thick arrow correspond to constant pressure lines in the case of the
present embodiment, and lines indicated by a dot arrow correspond to constant
pressure lines in the case of the bare hull. As the constant pressure line approaches the
stern, it has a greater value.

From Fig. 9, it can be seen that, with respect to a point, a pressure at the point is
greater in the case of the present embodiment than in the case of the bare hull.

Portions where the difference between the two cases is significantly great are indicated
by circular dotted lines.

If the pressure at the rear of the ship body increases, the pressure functions as force to
push the ship toward the bow. Consequently, there is an effect of reducing pressure
resistance. If pressure resistance is decreased as described above, propulsive efficiency
of the ship can be improved. The results are shown in Fig. 10.

Figs. 10A and 10B illustrate effective horsepower of a ship. In Figs.10A and 10B, a
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WO 2008/026903PCT/KR2007/004227 horizontal axis indicates the speed
of the ship, a. vertical axis indicates effective horsepower of the ship, a
solid line indicates an example of the present embodiment, and a dotted
line indicates an example of the bare hull. [66] From Figs. 1.0A and .10B,
it can be seen that in order to move fonward the ship at a speed of about

wolRbskneéss horsepower of 18000 PS is needed in the case of g /prrs@N1004227

[66]

[68]

[69]

embodiment, whereas horsepower of 19000 PS is needed in the case of
the bare hull. In other words, it could be seen that effective horsepower of
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ClaimsaécBasreentroh device dartimpeoting pressiorecasisidnctantlippliopeller can
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modifications may be made without departing from the spirit and scope of the

invention as defined in the following claims.
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LO line in the length direction of the ship and between 5% and 20% of the
design draft from the bottom of the ship in the height direction of the ship,
the additional fin being inclined at an angle of 10 degrees to 40 degrees

- with respect to the design draught (or bz:} e) line; and an upper tin MCSLLP

disposed between 10% arid 20% from thé after perpendicular Line in the

length direction of the ship and between 30% and 60% of the design draft
from the bottom of the ship in the heiqﬂg%gction of the ship, the upper fin
being inclined at an angle of 10 degrees to 30 degrees with respect to the

esign draught (or base) line;. . wherein the upper fin, the lower. fin .
e AT 8 e A S R AR SREo A B wition, e

triangulaa@mmg%a&wmﬁgm the upper fin, the lower fin and the
additional fin each have a thickness of 20 mm to 100 mm, a width ranging

from 0.1%le¥855% dfwetsip hetiytspalittaded §0f ranging refte08peodicelar line
glgi?ne f h{g lz??eq;[gthzér%m or(l:oorp %risﬁilﬂg atrh]g ﬂgt"v‘ége%”ﬁré)%dgﬁ’éc‘ioqzsgf Igec?eslygn draft
from a bottom of the ship in a height direction of the ship, the lower fin being
inclined at an angle of 20 degrees to 40 degrees with respect to a design
draught (or base) line;
an additional fin disposed between 5% and 15% from the after perpendicular
line in the length direction of the ship and between 5% and 20% of the design
draft from the bottom of the ship in the height direction of the ship, the
additional fin being inclined at an angle of 10 degrees to 40 degrees with
respect to the design draught (or base) line; and
an upper fin disposed between 10% and 20% from the after perpendicular line
in the length direction of the ship and between 30% and 60% of the design
draft from the bottom of the ship in the height direction of the ship, the upper
fin being inclined at an angle of 10 degrees to 30 degrees with respect to the
design draught (or base) line;
wherein the upper fin, the lower fin and the additional fin are formed in a
rectangular, trapezoidal or triangular shape; and
wherein the upper fin, the lower fin and the additional fin each have a
thickness of 20 mm to 100 mm, a width ranging from 0.1% to 0.5% of a ship
length, and a length ranging from 0.3% to 3% of the ship length.

2 A ship comprising the flow control device described in claim 1.



