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Description
[TECHNICAL FIELD]

[0001] The present invention relates to a stern shape
having a stern duct applied to a stern portion of a ship’s
hull which is driven by a propeller, and to a vessel having
the stern shape.

[BACKGROUND TECHNIQUE]

[0002] As one of energy-saving apparatuses in ves-
sels, there is one having a duct-shaped energy-saving
appendage attached to a stern portion of a ship’s hull.
[0003] To prevent separation of flow generated in a
boundary layer range in formation outer surfaces of an-
nular nozzles, for example, patent document 1 discloses
a machine way apparatus in which annular nozzles are
arranged in front of a screw in a horizontal direction at
intervals of not mare than a diameter of the screw, and
a vessel shell plating in front of the annular nozzles is
provided with a guide blade.

[0004] To increase the propulsion efficiency, patent
document 2 discloses a water-flow guide plane of a stern
in which a barycenter of a cross section surrounded by
annular nozzles disposed in front of a propeller while
keeping at horizontal distances from the water-flow guide
plane to a diameter of the propeller is located above an
axis of the propeller.

[0005] To obtain an energy-saving effect, patent doc-
ument 3 discloses a duct apparatus of a vessel having a
laterally long semicylindrical duct and a stay connected
to a lower end of the semicylindrical duct.

[0006] To enhance an energy-saving effect and to re-
duce costs, patent document 4 discloses a duct appara-
tus of a vessel having a semicylindrical duct and a con-
nection plate connected to a lower end of the semicylin-
drical duct.

[0007] To enhance propulsion performance of a ves-
sel, patent document 5 discloses a propulsion perform-
ance-enhancing apparatus of a vessel in which its duct
is formed into a substantially cylindrical shape or an el-
liptic cylindrical shape including a laterally long cylindrical
shape.

[0008] Further,toreduceresistance ofaship’s hulland
to uniform flow field of a stern, patent document 6 sug-
gests a technique which makes it possible to employ, as
a shape of a ring-shaped structure corresponding to a
duct, not only a shape forming a portion of a circle but
also a shape of an elliptic shape, a linear shape or a
combination thereof.

[PRIOR ART DOCUMENTS]
[PATENT DOCUMENTS]

[0009]
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[Patent Document 1] Japanese Patent Application
Laid-open No.H4-230486

[Patent Document 2] Japanese Patent Application
Laid-open No.558-194691

[Patent Document 3] Japanese Patent Application
Laid-open N0.2015-127179

[Patent Document 4] Japanese Patent Application
Laid-open No.2008-137462

[Patent Document 5] Microfilm of Japanese Utility
Model Application No.S62-044176 (Japanese Utility
Model Application Laid-open No.S63-151396)
[Patent Document 6] Japanese Patent Application
Laid-open No.S§52-053387

[SUMMARY OF THE INVENTION]
[PROBLEM TO BE SOLVED BY THE INVENTION]

[0010] According to patentdocument 1, it is necessary
to provide the guide blade in front of the annular nozzle,
and this configuration increases costs and labor.
[0011] According to patent document 2, the annular
nozzle is composed of two semiannular shells which are
separated from each other at a separation plane, and the
structure becomes complicated.

[0012] Patent documents 3 and 4 do not disclose a
shape in which a rear edge of a duct body has a parallel
part at a central portion of an upper portion from which
a semicircle substantially centering on an axis of a pro-
peller is offset toward both left and right sides, and do
not numerically prescribe a width of the parallel partin a
lateral horizontal direction. Hence, it is not possible to
further increase a thrust direction component of a ship’s
hull.

[0013] Patent document 5 discloses a configuration
that an essential portion of the duct is provided at a po-
sition lower than an axial position of the propeller, and
does not disclose that the rear edge of the duct body has
the shapeincluding the parallel part atthe central position
of the upper portion in which the semicircle centering on
the substantially central portion of the axis of the propeller
is offset toward both the left and right sides, and do not
numerically prescribe a width of the parallel partin a lat-
erally horizontal direction. Hence, separation is prone to
be generated below the axis of the propeller, it is difficult
to obtain a thrust in a longitudinal direction of the vessel,
and it is not possible to further increase a thrust direction
component of a ship’s hull.

[0014] Patent document 6 does not suggest that the
rear edge of the duct body has the shape including the
parallel part at the central position of the upper portion
inwhich the semicircle centering on the substantially cen-
tral portion of the axis of the propeller is offset toward
both the left and right sides, and do not numerically sug-
gest a width of the parallel part in a lateral horizontal
direction. Hence, it is not possible to further increase a
thrust direction component of a ship’s hull.

[0015] Further, an energy-saving effect of the duct-
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shaped energy-saving appendage becomes extremely
small in some cases due to an applied ship’s hull shape,
but in any of patent documents 1 to 6, the applied ship’s
hull shape is not taken into account. That is, with respect
to the ship’s hull shape having the small energy-saving
effect caused by the duct, transport efficiency cannot
largely be improved.

[0016] Thereupon, it is an object of the present inven-
tion to obtain the maximum transport efficiency with an
effect of interference between a shape of a ship’s hull
and a propeller by the shape of the ship’s hull (shape of
stern) having a duct in front of the propeller of the vessel
provided with a V stern shape.

[MEANS FOR SOLVING THE PROBLEM]

[0017] A shape of a stern having a stern duct corre-
sponding to description of claim 1 including a propeller
provided on a stern portion of a ship’s hull, and the stern
duct mounted in front of the propeller, wherein the ship’s
hull has a V stern shape, a duct body of the stern duct is
semicylindrical in shape, a rear edge of the duct body
has a shape including a parallel part at a central position
of its upper portion from which a semicircle substantially
centering on an axis of the propeller is offset toward both
left and right sides when the ship’s hull is forwardly
viewed from a rear portion thereof, an inner radius of the
semicircle is set in a range of 40% or more and 80% or
less of a radius of the propeller, and a width of the parallel
part in a lateral horizontal direction of the parallel part is
set to 5% or more and 25% or less of a diameter of the
propeller.

[0018] According to the invention described in claim 1,
the duct body is semicylindrical in shape and the inner
radius of the semicircle is set within a scope of 40% or
more and 80% or less of the radius of the propeller. Ac-
cording to this, as compared with the conventional an-
nular duct, separation of a lower portion of the axis of the
propeller is reduced, and it becomes easy to obtain a
thrust in the longitudinal direction of the vessel. Further,
in a V stern shape where a vertical vortex is not formed,
if the duct body is formed into a shape provided at its
central portion of the upper portion with a parallel part
and if awidth of the parallel partis appropriately setwhile
taking a relation between the width of the parallel part
and the diameter of the propeller into account, even in
the case of the V stern shape having a small energy-
saving effect due to the duct, it is possible to largely im-
prove the transport efficiency.

[0019] The present invention described in claim 2 is
characterizedinthatthe V shaped sternhas suchashape
that a tangent angle formed between a tangent of the
ship’s hull and a horizontal line which passes through the
axis of the propeller of the ship’s hull at a 10% front po-
sition of the hull length from the after perpendicular is a
division angle or less which is defined per a fullness of
the ship’s hull.

[0020] According to the invention described in claim 2,
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it is possible to distinguish between a V stern shape (V
vessel shape) and a U stern shape (U vessel shape) in
accordance with a fullness, and it is possible to reliably
discriminate a stern shape which is effective when a stern
duct is applied.

[0021] The present invention described in claim 3 is
characterized in that the division angle is determined
based on the following Table 1 which prescribes a ship
shape having the V stern shape.

[0022] According to the invention described in claim 3,
it is possible to more easily distinguish between the V
vessel shape and the U vessel shape in accordance with
the fullness.

[0023] Numeric values in Table 1 are for more easily
distinguishing the fullness and the relation between the
V vessel shape and the U vessel shape. In reality, values
existing between the numeric values can be applied as
both the fullness and the division angle.

[0024] The present invention described in claim 4 is
characterized in that a distance between the rear edge
of the duct body and a front edge of the propeller is set
to 1.0% or more and less than 50% of a diameter of the
propeller.

[0025] According to the invention described in claim 4,
by shortening the distance between the rear edge of the
duct bady and the front edge of the propeller, itis possible
to enhance the interference effect withrespectto the pro-
peller and to further enhance the propulsion efficiency.
[0026] The present invention described in claim 5 is
characterized in that a lower end of the duct body is set
lower than the axis of the propeller and higher than an
axial lower end of the propeller.

[0027] According to the invention described in claim 5,
it is possible to largely reduce the separation generated
in a gap between the ship’s hull and the lower end of the
duct body, and to obtain large propulsion performance.
Further, when the rudder is provided with an energy-sav-
ing appendage, an excellent influence is given to the en-
ergy-saving appendage.

[0028] The present invention described in claim 6 is
characterized in that a horizontal distance in a longitudi-
nal direction of the ship’s hull between a lower portion of
the rear edge of the duct body and the ship’s hull is set
into a range from -15% or more to less than 50% of a
diameter of the propeller under a condition that the hor-
izontal distance is a positive value when the rear edge
of the duct body exists in front of the ship’s hull.

[0029] According to the invention described in claim 6,
it is possible to further reduce the separation generated
in the gap between the ship’s hull and the lower end of
the duct body, and to obtain larger propulsion perform-
ance.

[0030] The present invention described in claim 7 is
characterized inthat the duct body is trapezoidal in shape
whose upper bottom is longer than its lower bottom when
the duct body is viewed from side.

[0031] According to the invention described in claim 7,
itis possible to prevent an attack angle between the stern
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vertical vortex and the duct body from becoming relatively
deteriorated and from becoming resistance, and it is pos-
sible to earn a wake gain of the lower end while keeping
a thrust reduction coefficient which is higher than that of
the conventional annular duct.

[0032] The present invention described in claim 8 is
characterized in that a cross section of the duct body has
a wing shape, a wing cord length of the wing shape is
set such that an upper partion of the duct body is shorter
than its lower portion.

[0033] According to the invention described in claim 8,
itis possible to prevent an attack angle between the stern
vertical vortex and the blade from becoming relatively
deteriorated and from becoming resistance, and it is pos-
sible to earn a wake gain of the lower end while keeping
a thrust reduction coefficient which is higher than that of
the conventional annular duct.

[0034] The present invention described in claim 9 is
characterized in that a ratio the wing cord length of the
lower portion of the duct body to the wing cord length of
the upper portion is set to 1/2 or more and less than 1.
[0035] According to the invention described in claim 9,
it is possible to more reliably prevent an attack angle
between the stern vertical vortex and the blade from be-
coming relatively deteriorated and from becoming resist-
ance, and it is possible to earn a wake gain of the lower
end while keeping a thrust reduction coefficient which is
higher than that of the conventional annular duct.
[0036] The present invention described in claim 10 is
characterized in that the inner radius of the semicylindri-
cal is set such that a front portion of the duct body is
larger than a rear portion of the duct body.

[0037] According to the invention described in claim
10, flow at a location downstream of the duct body can
be made slow, an effective wake fraction can be made
small, a thrust component on the side of a front portion
ofthe ductbody can be increased, and a propulsion force
can be enhanced.

[0038] The present invention described in claim 11 is
characterized in that a lower end part of the duct body is
provided with strut portions which support the duct body
on the stern portion.

[0039] According to the invention described in claim
11, since the duct body can be mounted on the strut por-
tions by the stern portion, itis easy to install the duct body
and to place the duct body at an appropriate position with
respect to the propeller.

[0040] The present invention described in claim 12 is
characterized in that angles of the left and right strut por-
tions are made different from each other such that the
strut portions induce a flow moving in a direction opposite
from a rotation direction of the propeller.

[0041] According to the invention described in claim
12, aflow moving in a direction opposite from the rotation
direction of the propeller can be generated on a propeller
surface and propulsion performance can be enhanced
by a double flip effect.

[0042] The present invention described in claim 13 is
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characterized in that the stern shape having a stern fur-
ther includes a rudder behind the propeller, wherein the
rudder is provided with an energy-saving appendage
which thrusts the ship’s hull forward.

[0043] According to the invention described in claim
13, itis possible to further enhance the transport efficien-
cy by the energy-saving appendage.

[0044] The present invention described in claim 14 is
characterized in that a mounting position of the energy-
saving appendage on the rudder in the longitudinal di-
rection is substantially at the same level as a boss posi-
tion of the propeller.

[0045] According to the invention described in claim
14, a thrust can easily be obtained at this mounting po-
sition, the energy-saving appendage can easily exhibit
the effectand high propulsion efficiency can be achieved.
[0046] In the vessel described in claim 15, the ship’s
hull is provided with a stern shape having the stern duct
described in any one of claims 1 to 12.

[0047] According to the invention described in claim
15, it is possible to provide a vessel provided with the
stern shape having the stern duct including an energy-
saving effect which is higher than that of the conventional
technique.

[EFFECT OF THE INVENTION]

[0048] According to the stern shape having the stern
duct of the present invention, the duct body is semicylin-
drical in shape, the inner radius of the semicircle is set
within a scope of 40% or more and 80% or less of the
radius of the propeller. According to this, as compared
with the conventional annular duct, separation of a lower
portion of the axis of the propeller is reduced, and it be-
comes easy to obtain a thrust in the longitudinal direction
of the vessel. Further, ina V stern shape where a vertical
vortex is not formed, if the duct body is formed into a
shape provided at its central portion of the upper portion
with a parallel part and if a width of the parallel part is
appropriately set while taking a relation between the
width of the parallel part and the diameter of the propeller
into account, evenin the case of the V stern shape having
asmall energy-saving effect due to the duct, itis possible
to largely improve the transport efficiency.

[0049] If the V shaped stern has such a shape that a
tangent angle formed between a tangent of the ship’s
hull and a horizontal line which passes through the axis
of the propeller of the ship’s hull at a 10% front position
of the hull length from the after perpendicular is a division
angle or less which is defined per a fullness of the ship’s
hull, it is possible to distinguish between a V stern shape
(V vessel shape) and a U stern shape (U vessel shape)
in accordance with a fullness, and itis possible to reliably
discriminate a stern shape which is effective when a stern
duct is applied.

[0050] When the division angle is determined based
on the following Table 1 which prescribes a ship shape
having the V stern shape, it is possible to more easily
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distinguish between the V vessel shape and the U vessel
shape in accordance with the fullness.

[0051] If a distance between the rear edge of the duct
body and a front edge of the propeller is set to 1.0% or
more and less than 50% of a diameter of the propeller,
by shortening the distance between the rear edge of the
duct body and the front edge of the propeller, itis possible
to enhance the interference effect with respect to the pro-
peller and to further enhance the propulsion efficiency.
[0052] If a lower end of the duct body is set lower than
the axis of the propeller and higher than an axial lower
end of the propeller,

it is possible to largely reduce the separation generated
in a gap between the ship’s hull and the lower end of the
duct body, and to obtain large propulsion performance.
Further, when the rudder is provided with an energy-sav-
ing appendage, an excellent influence is given to the en-
ergy-saving appendage.

[0053] When a horizontal distance in a longitudinal di-
rection of the ship’s hull between a lower portion of the
rear edge of the duct body and the ship’s hull is set into
arange from-15% ormore to less than 50% of a diameter
of the propeller under a condition that the horizontal dis-
tance is a positive value when the rear edge of the duct
body exists infrontofthe ship’s hull, itis possible to further
reduce the separation generated in the gap between the
ship’s hull and the lower end of the duct body, and to
obtain larger propulsion performance.

[0054] If the duct body is trapezoidal in shape whose
upper bottom is longer than its lower bottom when the
duct body is viewed from side, it is possible to prevent
an attack angle between the stern vertical vortex and the
duct body from becoming relatively deteriorated and from
becoming resistance, and it is possible to earn a wake
gain of the lower end while keeping a thrust reduction
coefficient which is higher than that of the conventional
annular duct.

[0055] If a cross section of the duct body has a wing
shape and a wing cord length of the wing shape is set
such that an upper portion of the duct body is shorter
than its lower portion, it is possible to prevent an attack
angle between the stern vertical vortex and the blade
from becoming relatively deteriorated and from becom-
ing resistance, and it is possible to earn a wake gain of
the lower end while keeping a thrust reduction coefficient
which is higher than that of the conventional annular duct.
[0056] If aratiothewing cord length ofthe lower portion
of the duct body to the wing cord length of the upper
portion is set to 1/2 or more and less than 1, it is possible
to more reliably prevent an attack angle between the
stern vertical vortex and the blade from becoming rela-
tively deteriorated and from becoming resistance, and it
is possible to earn a wake gain of the lower end while
keeping a thrustreduction coefficient which is higher than
that of the conventional annular duct.

[0057] If the inner radius of the semicylindrical is set
such that a front portion of the duct body is larger than a
rear portion of the duct body, flow at a location down-

10

15

20

25

30

35

40

45

50

85

stream of the duct body can be made slow, an effective
wake fraction can be made small, a thrust component on
the side of a front portion of the duct body can be in-
creased, and a propulsion force can be enhanced.
[0058] If a lower end part of the duct body is provided
with strut portions which support the duct body on the
stern portion, the duct body can be mounted on the stern
portion by the stern portion.

[0059] If angles of the left and right strut portions are
made different from each other such that the strut por-
tions induce a flow moving in a direction opposite from a
rotation direction of the propeller, a flow moving in a di-
rection opposite from the rotation direction of the propel-
ler can be generated on a propeller surface and propul-
sion performance can be enhanced by an double flip ef-
fect.

[0060] Ifthe sternshapehavinga sternfurtherincludes
a rudder behind the propeller and the rudder is provided
with an energy-saving appendage which thrusts the
ship’s hull forward, it is possible to further enhance the
transport efficiency by the energy-saving appendage.
[0061] If a mounting position of the energy-saving ap-
pendage on the rudder in the longitudinal direction is sub-
stantially at the same level as a boss position of the pro-
peller, a thrust can easily be obtained at this mounting
position, and the energy-saving appendage can easily
exhibit the effect and high propulsion efficiency can be
achieved.

[0062] Further, it is possible to provide a vessel pro-
vided with the stern shape having the stern duct including
an energy-saving effect which is higher than that of the
conventional technique.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0063]

Fig. 1 is a schematic diagram showing a structure of
a stern shape and a vessel having a stern duct ac-
cording to an embodiment of the present invention;
Fig. 2 is a diagram showing the stern shape as for-
wardly viewing from its rear portion;

Fig. 3 is a partially sectional side view of the stern
shape;

Fig. 4 is a side view of the stern duct;

Fig. 5 is a diagram showing a flow around the stern
shape;

Fig. 6 is a diagram showing a propeller circle and
the stern duct in a stage where the stern shape is
forwardly viewed from the rear portion;

Figs. 7(a) and 7(b) are comparison diagrams of
thrust when a radius of the stern duct in a V shape
vessel is changed;

Figs. 8(a) and 8(b) are comparison diagrams of
thrust when a radius of the stern duct in a U shape
vessel is changed;

Figs. 9(a) to 9(c) are diagrams showing peripheries
of the stern duct
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Fig. 10 is a stern diagram (fullness of ship’s hull Cb
=0.80);

Fig. 11 is a stern diagram (fullness of ship's hull Cb
=0.87);

Figs. 12(a) and 12(b) are diagrams showing a rela-
tion between a fullness and a division angle of the
ship’s hull (angle for discriminating between V shape
vessel and U shape vessel);

Figs. 13(a) to 13(c) are a stern diagram and contour
diagrams showing wakes of the U shape vessel and
the V shape vessel;

Figs. 14(a) to 14(c) showing thrust of every parallel
part;

Fig. 15 is a diagram showing results of integration
of thrustdirection components of the V shape vessel
carried out for every parallel part; and

Figs. 16(a) and 16(b) are comparison diagrams for
comparing flow lines flowing into the energy-saving
appendage.

[MODE FOR CARRYING OUT THE INVENTION]

[0064] A stern shape and a vessel having a stern duct
according an embodiment of the present invention will
be described below.

[0065] Fig. 1 is a schematic diagram showing a struc-
ture of a stern shape and a vessel having a stern duct
according to an embodiment of the present invention.
[0066] The sternshape andthe vessel havingthe stern
duct according to the embodiment include a propeller 20
provided at a stern portion 15 of a ship’s hull 10, a stern
duct 30 mounted in front of the propeller 20, and a rudder
40 mounted behind the propeller 20. Here, "A.P." repre-
sents an after perpendicular, "F.P." represents a bow per-
pendicular line, and "L.P.P." represents a hull length
(length between perpendicular). The ship’s hull 10 has a
V stern shape and this point will be described later. A
vessel shape having the V stern shape is a V vessel
shape.

[0067] Fig. 2 is a diagram showing the stern shape as
forwardly viewing from its rear portion, Fig. 3 is a partially
sectional side view of the stern shape, Fig. 4 is a side
view of the stern duct, and Fig. 5 is a diagram showing
a flow around the stern shape.

[0068] A duct body 31 of the stern duct 30 is semicy-
lindrical in shape. When arear edge 32 of the duct body
31 is forwardly viewed from a rear portion of the ship’s
hull 10, the rear edge 32 has such a shape having a
parallel part 33 located at a central portion of an upper
portion of an outer shell configured by offsetting, toward
laterally both sides, a semicircle substantially centering
on an axis (propeller axis) 21 of the propeller 20. In Fig.
2, circles o and p show phantom inner peripheries of
semicircles of the rear edge 32 of the duct body 31. The
circles oo and f3 are obtained by offsetting, toward laterally
both sides, a circle substantially centering on the axis
(propeller axis) 21 of the propeller 20. The duct body 31
configures the outer shell by continuously connecting the
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parallel part 33 with the semicircle which configures por-
tions the circles o and B. As apparent from the fact that
a lower end 36 of the duct body 31 exists below the axis
(propeller axis) 21 as shown in Fig. 2, the term "semicir-
cle" numerically includes a semicircle which is further
elongated toward laterally both sides by about 30° up to
240°.

[0069] A width W of the parallel part 33 in the laterally
horizontal direction (simply, "width W", hereinafter) is in
arange of 5% or more and 25% or less of a diameter Dp
of the propeller 20.

[0070] As shown in Figs. 3 and 4, a cross section of
the duct body 31 is wing in shape which is convex inward.
By utilizing a thrust direction component (thrust compo-
nent) of a lift force generated by the wing shape, it is
possible to enhance the thrust reduction ratio and pro-
pulsion efficiency.

[0071] When the duct body 31 is viewed sideway, the
duct body 31 is trapezoidal in shape whose upper bottom
is longer than the lower bottom. Awing-shaped wing cord
length L, of the lower portion of the duct body 31 is set
shorter than a wing-shaped wing cord length L of the
upper portion of the duct body 31. That is, a front edge
34 of the duct body 31 is formed into a tapered shape
whose longitudinal length gradually becomes shorter
from its upper portion toward its lower portion.

[0072] A ratio between the wing cord length L, of the
lower portion of the duct body 31 and the wing cord length
L, of the upper portion of the duct body 31 is set 1/2 or
more and less than 1.

[0073] According to this configuration, it is possible to
prevent a stern vertical vortex and an attack angle of the
wing from becoming relatively deteriorated and from be-
coming resistance, and it is possible to earn a wake gain
of the lower end while keeping a thrust reduction coeffi-
cientwhich is higher than that of the conventional annular
duct.

[0074] The duct body 31 is trapezoidal in shape as
viewed from side. The rear edge 32 on the side of the
propeller 20 is perpendicular to a propeller axis 21. How-
ever, the trapezoidal shape is not limited only to this
shape. The trapezoidal shape also includes one in which
the rear edge 32 on the side of the propeller 20 is not
perpendicular to the propeller axis 21.

[0075] Aninnerradiusofthe semicircle of the duct body
31 is set such that the inner radius of a front portion of
the duct body 31 is larger that of the rear portion.
[0076] According to this configuration, a flow on the
downstream-side can be made slower than that on the
side of the duct body 31 to make the effective wake frac-
tion small, a thrust component on the side of the front
portion of the duct body 31 can be increased and the
propulsion force can be enhanced.

[0077] As shown in Fig. 4, a portion (range L4) of the
duct body 31 which is close to the rear edge 32 is made
slightly opened to secure an internal wind-shape, and a
portion downstream of the duct body 31 where a flow is
slow is increased to further reduce the effective wake
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fraction.

[0078] Itis preferable that the range L4 which is made
slightly opened is 10% or more and 20% or less of the
wing cord length L,.

[0079] The stern duct 30 includes strut portions 35 on
the lower end part of the duct body 31. The strut portions
35 support, on the stern portion 15, the duct body 31.
The strut portions 35 comprise a left strut portion 35A
and a right strut portion 35B. The duct body 31 can be
mounted on the ship’s hull 10 (stern tube and a stern
tube outer shell) of the stern portion 15 by the strut por-
tions 35. Therefore, it is easy to install the duct body 31,
andto arrange the duct body 31 atanappropriate position
especially with respect to the propeller 20. Further, if the
lower end 36 of the duct body 31, the left strut portion
35A and theright strut portion 35B are set lower than the
axis (propeller axis) 21 of the propeller 20 and set higher
than an axis lower end portion 23 of the propeller 20, the
separation is more reliably reduced and a desirable effect
is exert on a later-described energy-saving appendage.
[0080] An angle of the left strut portion 35A and an
angle of the right strut portion 35B of the strut portions
35 are made different from each other to induce a flow
moving in a direction opposite from the rotation direction
of the propeller 20. That is, as shown in Fig. 3, the left
strut portion 35A inclines such that its front portion be-
comes higher than the right strut portion 35B when the
duct body 31 is viewed from side.

[0081] If the angle of the left strut portion 35A and the
angle of the right strut portion 35B are made different
from each other to induce the flow moving in the direction
opposite from the rotation direction of the propeller 20 as
described above, a flow moving in the direction oppasite
from the rotation direction of the propeller is induced as
shown in Fig. 5, and the propulsion performance can be
enhanced by a double flip effect.

[0082] Since the angle of the left strut portion 35A and
the angle of the right strut portion 35B are determined
while taking the propulsion performance determined by
the ship’s hull into account, the angle of the left strut por-
tion 35A and the angle of the right strut portion 35B can
be the same or can be the same orientation as that of a
camber depending upon the shape of the ship’s hull.
[0083] Asshownin Fig. 3, the distance L between the
rear edge 32 of the duct body 31 and a front edge of the
propeller 20 is setto 1.0% or more and less than 50% of
a diameter Dp of the propeller 20.

[0084] If the distance L, between the rear edge 32 of
the duct body 31 and the front edge of the propeller 20
is made shorter, the interference effect between the stern
duct 30 and the propeller 20 is increased and the wake
gain is increased, and the propeller efficiency is in-
creased. On the other hand, if the distance L5 is made
excessively short, a resistance component of the duct
body 31 transcends and thrust reduction coefficient is
deteriorated due to interference with the propeller 20.
Hence, when the entire propulsion efficiency is taken into
consideration, an appropriate distance L3 can be intro-
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duced from a trade-off relation between the increase of
the wake gain and the deterioration of the thrust reduction
coefficient, and if the distance L5 is in the optimal position,
itis possible to further enhance the propulsion efficiency.
[0085] It is preferable that the distance L5 is 1.0% or
more and 25% or less of the diameter Dp of the propeller
20, and more preferably, 10% or more and 20% or less
of the diameter Dp. If the distance L3 is made excessively
short, cavitation is prone to be generated in some cases.
In such a case, if the inner radius of the semicircle of the
duct body 31is made small, it is possible to suppress the
problem of generation of the cavitation.

[0086] The inner radius of the semicircle of the rear
edge 32 of the duct body 31 is set within a scope of 40%
or more and 80% or less of the radius of the propeller 20.
[0087] Fig. 6 is a diagram showing the propeller circle
and the stern duct in a stage where the stern shape is
forwardly viewed from the rear portion, and Figs. 7 and
8 are comparison diagrams of thrusts based on diame-
ters of the stern ducts in the V shape vessel and the U
shape vessel.

[0088] InFig. 6, a semicircle 101 shows a shape of the
stern duct 30 when a width W of the parallel part 33 is
10% of the diameter Dp of the propeller 20 and a radius
ry (diameter d,) of the rear edge 32 of the duct body 31
is 40% of a radius R (diameter Dp) of the propeller 20. A
semicircle 102 shows a shape of the stern duct 30 when
the width W of the parallel part 33 is 10% of the diameter
Dp of the propeller 20 and the radius r, (diameter d,) of
therear edge 32 of the duct body 31 is 100% of the radius
R (diameter Dp) of the propeller 20. A circle 103 shows
a propeller circle.

[0089] Fig. 7(a) shows a distribution of a thrust direc-
tion component of the ship’s hull if the stern duct 30 when
the width W of the parallel part 33 is 10% of the diameter
Dp of the propeller 20 is applied to the V shape vessel
(fullness of 0.87 and tangentangle of 40°) while changing
the radius r (diameter d). Fig. 7(b) shows an integrated
value of Fig. 7(a) per a radius r (diameter d) of the stern
duct 30, and a vertical axis shows an actual thrust in the
longitudinal direction of the vessel.

[0090] Fig. 8(a) shows a distribution of a thrust direc-
tion component of the ship’s hull of the U shape vessel
(fullness of 0.87 and tangent angle of 75°) when the width
W of the parallel part 33 is slightly larger than 0% of the
diameter Dp of the propeller 20 while changing the radius
r (diameter d) of the stern duct 30. Fig. 8(b) shows an
integrated value of Fig. 8(a) per a radius r (diameter d)
of the stern duct 30, and a vertical axis shows an actual
thrust in the longitudinal direction of the vessel. Detailed
definitions of the V shape vessel and the U shape vessel
will be described later.

[0091] InFigs. 7(a) and 8(a), a line 104 shows a thrust
when the radius r (diameter d) of the rear edge 32 of the
duct body 31 is 40% of the radius R (diameter Dp) of the
propeller 20, a line 105 shows a thrust when the radius
r (diameter d) is 60%, a line 106 shows a thrust when the
radius r (diameter d) is 80% and a line 107 shows a thrust
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when the radius r (diameter d) is 100%.

[0092] From Figs. 7(b) and 8(b), it is found that it is
preferable that the radius r (diameter d) of the rear edge
32 of the duct body 31 is in a range of 40% or more and
80% or less of the radius R (diameter Dp) of the propeller
20. Especially in the case of the V shape vessel, it is
preferable that the radius r (diameter d) of the propeller
20 is in a range of 40% or more and 70% or less of the
radius R (diameter Dp) of the propeller 20 and more pref-
erably, in a range of 50% or more and 65% or less of the
radius R (diameter Dp). In the case of the range of 50%
or more and 65% or less for example, the above-de-
scribed range of 10% or more and 20% or less as the
distance L3 between the rear edge 32 of the duct body
31 and the front edge of the propeller 20, it is possible to
employ a range of 5% or more and 15% or less.

[0093] Fig. 9 (a)is a side view showing peripheries of
the stern duct, Fig. 9 is a perspective view showing pe-
ripheries of the stern shape to which the conventional
annular duct is applied, and Fig. 9(c) is a peripheral view
showing peripheries of the stern shape to which the stern
duct of the embodiment is applied.

[0094] In Figs. 9(b) and 9(c), thick color portions show
portions (separation regions A) where there is no flow or
flow moves reversely and become resistance. In Fig.
9(a), the lower end of the conventional annular duct 300
is virtually shown as a thin and long ellipse, and the sep-
aration regions A are shown as circles.

[0095] From Figs. S(a) and 9(b), in the conventional
annular duct 300, since the separation region A is gen-
erated between the ship’s hull 10 and the lower end of
the annular duct 300, it is found that the separation phe-
nomenon is generated and resistance becomes ex-
tremely high.

[0096] Whereas, in the stern duct 30 of the embodi-
ment, the duct body 31 is semicylindrical in shape, and
the lower end 36 of the duct body 31 is set lower than
the axis (propeller axis) 21 of the propeller 20 and higher
than the axial lower end 23 of the propeller 20. Hence,
as shown in Figs. 9(a) and 9(c), the separation generated
between the ship’s hull 10 and the duct body lower end
36 can largely be reduced, and large propulsion perform-
ance can be obtained.

[0097] The axial lower end 23 includes a position of
the lower end of a stern tube rear edge 24 to which the
axial lower end 23 of the ship’s hull 10 (stern tube and
stern tube outer shell) of the stern portion 15 is substan-
tially opposed. The propeller 20 is mounted on the stern
portion 15. Normally, the axial lower end 23 of the pro-
peller 20 and the lower end of the stern tube rear edge
24 are set at the same height in many cases, but the
lower end if the stern tube rear edge 24 is slightly lower
than the axial lower end 23 in some cases.

[0098] A horizontal distance in the longitudinal direc-
tion of the ship’s hull 10 between the lower portion of the
rear edge 32 of the duct body 31 and a rear edge 24 of
the stern tube 24 of the ship’s hull 10 is set into a range
from -15% or more to less than 50% of the diameter Dp
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of the propeller 20 under a condition that the horizontal
distance is a positive value when the rear edge 32 of the
duct body 31 exists in front of the stern tube 24 (when
rear edge 32 of stern duct 30 is superposed on ship’s
hull 10 as viewed from side).

[0099] Basically, the horizontal distance between the
lower end of the rear edge 32 and the stern tube rear
edge 24 of the ship’s hull 10 in the longitudinal direction
is set to 0% or more and 50% or less, but when the duct
body 31 is trapezoidal in shape whose upper bottom is
longer than the lower bottom if the duct body 31 is viewed
from side as in this embodiment, since the lower portion
of the duct body 31 is short, aregionwhere the separation
is generated is small even if a portion of the lower portion
of the duct body 31 protrudes rearward or the portion of
the lower portion is rearwardly separated from the ship’s
hull 10 and is not superposed at all. Therefore, the hor-
izontal distance may be set to -15% of the diameter Dp
of the propeller 20.

[0100] As described above, if the duct body 31 is
formed into the semicylindrical shape and the relation
with respect to the ship’s hull profile and the horizontal
distance between the duct body and the ship’s hull 10
are integrally designed, it is possible to eliminate the re-
gion where water does not easily flow and separation is
generated, and it is possible to largely improve the re-
sistance performance.

[0101] The width W of the parallel part 33 is designed
while taking the ship shape into consideration.

[0102] Fig. 10 is a diagram of the stern and is a sec-
tional view of a curved surface which is formed when the
ship’shull10is cutintorounds in the longitudinal direction
(longitudinal direction ofthe vessel) based on anexample
where a fullness Cb of the ship’s hull 10 is 0.80 in the
embodiment. The fullness Cb is a dimensionless number
which is obtained by dividing a displacement of the ship’s
hull 10 by a value obtained by multiplying the length of
the vessel, the width of the vessel and draft.

[0103] In Fig. 10, a line 108 shows a U shape vessel
and a line 109 shows the V shape vessel. A line 110
divides the U shape vessel and the V shape vessel from
each other, and a line 111 is level with the propeller axis
(propeller axis) 21 of the propeller 20.

[0104] Here, "A.P." shows a position of an after per-
pendicular which is a perpendicular line passing through
a rotation center of the rudder 40, and "S.S.D" shows a
position from the after perpendicular A.P. when entire
the length between the perpendicular (hull length) L.P.P.
is defined as 10. That is, "S.S.1" shows a 10% front po-
sition of the length between the perpendicular L.P.P. from
the after perpendicular A.P.

[0105] Here, lines 108 and 109 in the positions
"S$.8.1/2" and the after perpendicular A.P. are omitted.
[0106] As shown in Fig. 10, when the fullness Cb of
the ship’s hull 10 is 0.80, if the tangent angles 8, and 8,
formed between the line 111 and a tangent of the line
108 or 109 passing through a point at which the lines 108
and 109 intersect at a position "S.S.1" exceeds 84°, the
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ship shape is defined as U shape vessel, and if the tan-
gent angles 64 and B, is 84° or less, the ship shape is
defined as V shape vessel. In Fig. 10, the tangent angle
0, of the line 108 of the U shape vessel is 92°,and the
tangent angle 6, of the line 109 of the V shape vessel is
82°.

[0107] Fig. 11 shows a case where the fullness Cb of
the ship’s hull 10 in the embodiment is 0.87. Fig. 11 is a
diagram of the stern and is a sectional view of a curved
surface formed when the ship’s hull 10 is cut into rounds
in the longitudinal direction (longitudinal direction of ves-
sel). Substantially the same description as described in
Fig. 10 will be omitted.

[0108] As shown in Fig. 11, when the fullness Cb of
the ship’s hull 10 is 0.87, if the tangent angles 84 and 6,
formed between the line 111 and a tangent of the line
108 or 109 passing through a point at which the lines 108
and 109 intersect at a position "S.S5.1 " exceeds 57°, the
ship shape is defined as U shape vessel, and if the tan-
gent angles 64 and 05 is 57° or less, the ship shape is
defined as V shape vessel. In Fig. 11, the tangent angle
04 of the line 108 of the U shape vessel is 75°,and the
tangent angle 6, of the line 109 of the V shape vessel is
40°.

[0109] As described above, the V shape vessel and
the U shape vessel are distinguished from each other
and defined by the fullness Cb of the ship’s hull 10 and
the tangent angle formed between the tangent of the
ship’s hull 10 and the horizontal line which passes
through the propeller axis (axis) 21 of the ship’s hull 10
at the 10% front position from the after perpendicular A.
P. to the hull length (length between perpendicular)
L.P.P.

[0110] Figs. 12(a) and 12(b) show a relation between
the fullness Cb of the ship’s hull 10 and the division angle
(angle dividing V shape vessel and U shape vessel from
each other) .

[0111] InFig. 12(a), the V shaped stern (V shape ves-
sel) is defined that the tangent angles 6, and 6, formed
between the fullness Cb of the ship’s hull 10 and the
tangent between the ship’s hull 10 and the horizontal line
111 which passes through the propeller axis (axis) 21 of
the ship’s hull 10 at a 10% front position of the hull length
(length between perpendicular) L.P.P. from the after per-
pendicular A.P. is a line 114 or less. When the fullness
Cb is 0.783 or less, a stern having the tangent angle of
90° or less which is the division angle corresponds to the
V shapedstern. In arange where the fullness Cb exceeds
0.783 and lessthan 0.914, a stern having a numeric value
obtained by the division angle = -342.86Cb+358.29
which is a division angle or less corresponds to the V
shaped stern. When the fullness Cb is 0.914 or more, a
stern having the division angle of 45° or less corresponds
to the V shaped stern. Numeric values in Fig. 12 (b) and
Table 1 are for more easily distinguishing the relation
betweenthe fullnessandthe V shape vesseland U shape
vessel. Inthe actual case, the fullness Cb and the division
angle may be values existing between the numeric val-
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ues.
[0112] Figs. 13 are a diagram of the stern and contour
diagrams showing wakes of the U shape vessel and the
V shape vessel.

[0113] The fullness Cb of the U shape vessel in Fig.13
is 0.87, and the tangent angle is 75°. The fullness Cb of
the V shape vessel is 0.87, and the tangent angle is 40°.
[0114] Fig. 13(a) is a stern diagram on the port-side,
Fig. 13 (b) shows the wake of the U shape vessel (line
108), and Fig. 13 (c) shows the wake of the V shape
vessel (line 109). In Figs. 13 (b) and 13(c), the numeric
values are nondimensionized at ship speed, and U=1.0
is the ship speed. The length is nondimensionized such
that the length between the perpendicular (hull length)
L.P.P. becomes 1.0.

[0115] Here, "wake" is a wake flow of the ship’s hull
10. Normally, the flow becomes slow due to influence of
the ship’s hull 10. As shown in Fig. 13(b), in the U shape
vessel, vertical vortex flowing around the longitudinal di-
rection of the vessel is formed. In the V shape vessel
where vertical vortex flowing around the longitudinal di-
rection of the vessel is not formed, it is preferable that
the width W of the parallel part 33 is set within a prede-
termined range.

[0116] Figs. 14 show a thrust per a width W of the par-
allel part. Fig. 14 (b) shows a distribution of a thrust di-
rection component of the ship’s hull of a force induced
by the stern duct 30 respectively when the width W of
the parallel part 33 of the stern duct 30 is 0%, 5%, 10%,
20% and 30% in the V shape vessel (fullness Cb of 0.87
and tangent angle of 40°). Fig. 14 (c) shows a distribution
of athrustdirection component of the ship’s hull of a force
induced by the stern duct 30 respectively when the width
W of the parallel part 33 of the stern duct 30 is 0%, 5%
and 10% of the diameter Dp of the propeller 20 in the U
shape vessel (fullness Cb of 0.87 and tangent angle of
75°).

[0117] In Figs. 14(b) and 14(c), the lateral axis shows
a distance from an upper of the stern duct 30. As shown
in Figs. 14 (a) and 14 (c), values respectively up to left
and right 90° are calculated, and terminal positions differ
depending upon the sizes of the parallel part 33. A dis-
tance from this upper end is nondimensionized with the
hull length L.P.P. The vertical axis shows a thrust direc-
tion component of the ship’s hull of a vector sum of a
thrust and drag induced by the stern duct 30 due to blade
element flow and this is a value obtained by dividing the
force by square of density of water and the hull length
L.P.P. More specifically, this is a value obtained by mul-
tiplying a nondimensional lift force coefficient (CL) and a
drag coefficient (CD) by square of nondimensional speed
u.

[0118] Under the calculation conditions, a distance be-
tween the rear edge 32 of the stern duct 30 and the front
edge of the propeller 20 is 10% of the diameter Dp of the
propeller 20, a diameter of the rear edge 32 of the stern
duct 30 is 60% of the diameter Dp of the propeller 20,
and an opening angle of the duct is 12° in the case of the
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V shape vessel and 10° in the case of the U shape vessel.
A wing cord length L4 of the stern duct 30 is 25% of the
diameter Dp of the propeller 20 inthe case of the V shape
vessel, and is 30% of the diameter Dp of the propeller
20 in the case of the U shape vessel.

[0119] From Fig. 14, it is found that in the V shape
vessel, more thrust is generated when the width W of the
parallel part 33 is 20% of the diameter Dp of the propeller
20 as compared with other cases . If the width W of the
parallel part 33 becomes 30%, a portion where the thrust
direction component of the ship’s hull becomes minus is
generated, and this is ascribable to the fact that separa-
tion is generated in a flow.

[0120] From Fig. 14 (c), itis found that in the U shape
vessel, more thrust is generated when the parallel part
33 is 0% of the diameter Dp of the propeller 20 as com-
pared with other cases. From this point, it can be said
that in the case of the U shape vessel, it is advantageous
on the contrary not to provide the parallel part 33 in terms
of the thrust of the ship’s hull.

[0121] Fig. 15 shows results of integration of the thrust
direction component of the ship’s hull per a width W of
the parallel part 33. In Fig. 15, widths W of the parallel
part 33 which are 40% and 50% of the diameter Dp of
the propeller 20 are further added. When the width W of
the parallel part 33 is 30%, a portion where the thrust
direction component of the ship’s hull becomes minus is
generated, but integrated values are still plus. However,
since separation differs also depending upon conditions
other than the widths W of the parallel part 33 (bumps
and dips of inner surface of stern duct 30 and direction
of flow line), it is preferable that the upper limit of the
width W of the parallel part 33 is set small with a margin,
and is set to 25%.

[0122] Further, if construction costs and the like of the
stern shape having the stern duct of the embodiment is
taken into consideration in terms of the transport efficien-
cy, it is preferable that an integrated value of the thrust
direction component of the ship’s hull is about 0.0018,
and it is preferable that a lower limit of the width W of the
parallel part 33 is about 5% of the diameter Dp of the
propeller 20.

[0123] Therefore, in the case of the V shape vessel
where a vertical vortex formed around the vessel longi-
tudinal direction is not formed, it is preferable that the
width W of the parallel part 33 is 5% or more and 25%
orless, itismore preferable that the width W ofthe parallel
part 33 is 5% or more and 20% or less where an inte-
grated value of the thrust direction component of the
ship’s hull is monotonously increasing, and it is further
preferable that the width W of the parallel part is 10% or
more and 20% or less where the integrated value of the
thrust direction component of the ship’s hull becomes
large to a certain extent.

[0124] As described above, the V shape vessel is as-
certained from the fullness Cb of the ship’s hull 10 and
from the division angle as the shape of the ship’s hull,
and the width W in the horizontal lateral direction of the
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parallel part 33 of the duct body 31 is appropriately set
while taking the relation with respect to the diameter Dp
of the propeller 20 into consideration. According to this,
it is possible to obtain the shape of the stern capable of
obtaining the high transport efficiency.

[0125] Figs. 16 are drawings in which flow lines flowing
into the energy-saving appendage are compared with
eachother.Fig. 16(a) shows acase where a conventional
annular duct 300 is applied, and Fig. 16(b) shows a case
where the stern duct 30 of the embodiment is applied.
Both Figs. 16(a) and 16(b) use a V shape vessel as the
ship’s hull.

[0126] The rudder 40 includes an energy-saving ap-
pendage 50 such as a post-swirl type energy-saving ap-
paratus which thrusts the ship’s hull 10 forward. The en-
ergy-saving appendage 50 is a fin for example. A mount-
ing position of the energy-saving appendage 50 on the
rudder 40 in the vertical direction is substantially at the
same level as a boss position of the propeller 20 where
a thrust force can easily be obtained. It is possible to
achieve high propulsion efficiency by the energy-saving
appendage 50, and to further enhance the transport ef-
ficiency.

[0127] When the stern duct 30 is applied (Fig. 16(b)),
as compared with a case where the conventional annular
duct 300 is applied (Fig. 16(a)), a strong ascending flow
from a ship’s bottom which is necessary to exert an effect
of the energy-saving appendage 50 which is placed on
the rudder 40 is induced. This point can be understood
also from a point that the left flow line of the stern duct
30 becomes dense toward the axis (propeller axis) 21 in
Fig. 16(b).

[0128] The mounting position of the energy-saving ap-
pendage 50 on the rudder 40 in the longitudinal direction
is substantially at the same level as the boss position of
the propeller 20. Therefore, if the duct body lower end
36 of the stern duct 30 is set lower than the axis of the
propeller 20 and higher than the axial lower end 23 of
the propeller 20, it is possible to preferably introduce the
flow line toward the energy-saving appendage 50.
[0129] Since the stern duct 30 and the energy-saving
appendage 50 are congenial and a synergy effect is ex-
hibited in this manner, the transport efficiency can further
be enhanced by the combination.

[0130] As the energy-saving appendage, it is possible
to employ various shapes in addition to the fin-shaped
energy-saving appendage 50.

[INDUSTRIAL APPLICABILITY]

[0131] According to the stern shape and the vessel
having the stern duct of the present invention, it is pos-
sible to obtain the maximum transport efficiency by the
effect of interference between the shape of the ship’s hull
and the propeller due to the shape of the stern having
the duct in front of the propeller.

[0132] The present invention can be applied not only
to a single-axe ship but also a two-axe ship, a monohull
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ship, a twin hull ship and a multihull ship. hull at a 10% front position of the hull length from the
after perpendicular is a division angle or less which

[EXPLANATION OF SYMBOLS] is defined per a fullness of the ship’s hull.

shape that a tangent angle formed between a tan-
gent of the ship’s hull and a horizontal line which
passes through the axis of the propeller of the ship’s

12

[0133] 5 3. The stern shape having a stern duct according to
claim 2, wherein the division angle is determined
10 ship’s hull based on the following Table 1 which prescribes a
15 stern portion ship shape having the V stern shape.
20 propeller
21 axis (propeller axis) 10
24 stern tube rear edge [Table 1]
g? Zterpbd?t Fullness | Division Angle
uct body
32 rear edge 0.40 90.00
33 parallel part 15 0.45 90.00
35 strut portion
35A left strut portion 0.50 90.00
35B right strut portion 0.55 90.00
36 duct body lower end
40 rudder 20 0.60 90.00
50 energy-saving appendage 0.65 90.00
A. P. after perpendicular 0.70 90.00
Cb fullness : i
Dp diameter of propeller 0.75 90.00
L, upper wing cord length 25 0.783 00.00
L, lower wing cord length
L distance between duct body rear edge and front 0.80 84.00
edge of propeller 0.85 66.86
L. P. P. hull length (length between perpendicular) 0.90 49.72
R radius of propeller 30 : 7
W width 0.914 45.00
84, 0, tangent angle 095 45.00
1.00 45.00
Claims 35
) - 4. The stern shape having a stern duct according to
Astern shape having a stern duct, comprising a pro- any one of claims 1 to 3, wherein a distance between
peller provided on a stern portion of a ship’s hull, and y ’
. the rear edge of the duct body and a front edge of
the stern duct mounted in front of the propeller, .
) o the propeller is set to 1.0% or more and less than
wherein the ship’s hull has a V stern shape, a duct 40 50% of a diameter of the propeller
body of the stern duct is semicylindrical in shape, a ° prop )
rear edge of the duct body has a shape including a . ,
parallel part at a central position of its upper portion ;’:e :;irgfiT;F;r?s qi\gr:lg v?hztreerir; :Lllg\tlvzlfc;?g?tgz
from which a semicircle substantially centering on y , ’ :
. . duct body is set lower than the axis of the propeller
an axis of the propeller is offset toward both left and 45 ; .
right sides when the ship’s hull is forwardly viewed and higher than an axial lower end of the propeller.
from a rear portion thereof, an inner radius of the . ,
semicircle is set in a range of 40% or more and 80% The stern shape having a stern duct according to
. ) any one of claims 1 to 5, wherein a horizontal dis-
or less of aradius of the propeller, and a width of the : L o .
: . L tance in a longitudinal direction of the ship’s hull be-
parallel part in a lateral horizontal direction of the 50 .

! tween a lower portion of the rear edge of the duct
parallel part is set to 5% or more and 25% or less of .,
a diameter of the propeller body and a rear edge of the stern tube of the ship’s

Prop ' hull is set into a range from -15% or more to less
The stern shape having a stern duct according to than 50% of a diameter of the propeller under a con-
claim 1, wherein the V shaped stern has such a 55 dition that the horizontal distance is a positive value

when the rear edge of the duct body exists in front
of the ship’s hull.
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11.

12.

13.

14.

15.
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The stern shape having a stern duct according to
any one of claims 1 to 6, wherein the duct body is
trapezoidal in shape whose upper bottom is longer
than its lower bottom when the duct body is viewed
from side.

The stern shape having a stern duct according to
claim 7, wherein a cross section of the duct body has
a wing shape, a wing cord length of the wing shape
is set such that an upper portion of the duct body is
shorter than its lower portion.

The stern shape having a stern duct according to 8,
wherein aratio the wing cord length of the lower por-
tion of the duct body to the wing cord length of the
upper portion is set to 1/2 or more and less than 1.

The stern shape having a stern duct according to
any one of claims 1 to 9, wherein the inner radius of
the semicylindrical is set such that a front portion of
the duct body is larger than a rear portion of the duct
body.

The stern shape having a stern duct according to
any one of claims 1 to 10, wherein a lower end part
of the duct body is provided with strut portions which
support the duct body on the stern portion.

The stern shape having a stern duct according to
claim 11, wherein angles of the left and right strut
portions are made different from each other such
that the strut portions induce a flow moving in a di-
rection opposite from a rotation direction of the pro-
peller.

The stern shape having a stern duct according to
anyone of claims 1to 12, further comprising a rudder
behind the propeller, wherein the rudder is provided
with an energy-saving appendage which thrusts the
ship’s hull forward.

The stern shape having a stern duct according to
claim 13, wherein a mounting position of the energy-
saving appendage on the rudder in the longitudinal
direction is substantially at the same level as a boss
position of the propeller.

A vessel having the ship’s hull provided with a stern
shape including the stern duct according to any one
of claims 1 to 14.
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[Fig. 8]
(a)

U shape vessel
Forward Component. of

lift and drag force

0.14 ’
0.12 7 \ ~ WAD Dia.60% Dp
0.10 7 /N \——104 |— WADDia80%Dp
ggg 7 7 1l NS\— 105 |— WADDiz.100%Dp
0'04 '/ AN == WAD Dia.40% Dp
: L\ 106
g.g(z} ol A S (g7
0.02 ! |
-0.03 -0.02 -0.01 0 0.01 0.02 0.03
perimeter
(b)

Integrated value of
forward component of

lift and drag force
0.00070 :
0.00060 A o

0.00050 \\
0.00040 f \
0.00030 |

0.00020

0.00010
0.60000

0% 20% 40% 60% 80% 100% 120%
Duct diameter{% propeller diameter]

19



EP 3 345 824 A1

30,300

i

20



EP 3 345 824 A1

Ushape  Separationline Vshape

110

111

[Fig. 11]

Sepavaive nbuge

Ushape
Yshape

103

21




a|duy juadue]

EP 3 345 824 A1

(a)

140

125

114

gLt

1]

a0

G5 e M B lama Uneaal |0 .SGCb%fP«QF:&za

45°

20

g5

U6

07 08

o8 1

FullnessCh

0

22

Fullness

Angle Dividing U and V from each other o
. 040
045
050

0.55
060
. 065
05
783
080
gas
0.90
914
03
1.00

| Division Angle

{Angle Dividing
Uand V from.
each,otheqf} '

190.00
- 90.00
- 90.00
90.00
90.00
90.00
f 90.00
- 90.00
90.00
- 84.00
66.86
149.72
45,00



EP 3 345 824 A1

[Fig. 13]
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