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rotation axis of the propeller coincides with a central axis 4 22 7 24

of the tunnel; first slit holes located on a portion of a wall of
the tunnel, which is closer to starboard than the propeller,
so as to be lined up in a circumferential direction of the
tunnel, the first slit holes being openings each located so
as to extend in a direction intersecting with an extending
direction of the tunnel; second slit holes located on a
portion of the wall of the tunnel, which is closer to port than
the propeller, so as to be lined up in the circumferential
direction of the tunnel, the second slit holes being open-
ings each located so as to extend in a direction intersect-
ing with the extending direction of the tunnel; and a return
channel that is a tubular channel located such that the
tunnel penetrates an inside of the tubular channel, the
return channel communicating with an inside of the tun-
nel through the first slit holes and the second slit holes.
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Description
Technical Field

[0001] The present disclosure relates to side thruster
equipment that applies propulsive force to a ship in a hull
width direction.

Background Art

[0002] Conventionally, to realize various ship steering
operations, such as turn and lateral movement at the time
of berthing and unberthing, azimuth control, and fixed-
point retention, some ships include a side thruster that
applies propulsive force in a hull width direction. To
equally generate thrustin a port direction and a starboard
direction, the side thruster includes a controllable pitch
propeller including flat blades. An incidence angle of a
fluid at a blade leading edge of the flat blade is larger than
that of a blade having a curved blade section. Therefore,
a leading edge load increases, and a leading edge se-
paration easily occurs. Moreover, since the flat blade has
no twist, the load increases toward a blade tip end, and a
pressure difference between a pressure surface and
suction surface of a blade tip becomes large. Therefore,
alarge-scale blade tip leakage vortex is easily generated.
Thus, in the side thruster including the flat blades, there is
a problem that cavitation is easily generated due to a low-
pressure region around the blade.

[0003] Forexample, PTL 1 discloses that a side thrus-
ter including a controllable pitch propeller includes a jet
mechanism that can increase the speed of water flow
from an upstream side of the water flow at a blade
peripheral edge position.

Citation List
Patent Literature

[0004] PTL 1: Japanese Laid-Open Utility Model Ap-
plication Publication No. S64-51599

Summary of Invention
Technical Problem

[0005] According to the configuration of PTL 1, as the
jet mechanism, a pressure water channel is located out-
side a tunnel at which the controllable pitch propeller is
located, and injection holes connected to the pressure
water channel are located annularly along a peripheral
surface of the tunnel. Then, sea water in the pressure
water channel is jetted from the injection holes to up-
stream surfaces of the blades by the driving of a pressur-
ization impeller. Thus, the angle of attack with respect to
the water flow in the blade section decreases, and there-
fore, an extreme overload at the blade tip end is pre-
vented. As a result, the generation of the cavitation is
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suppressed. However, according to the configuration of
PTL 1, the pressurization impeller and a driving device
that drives the pressurization impeller are required. This
makes the structure complex and increases the manu-
facturing cost.

[0006] The present disclosure was made to solve the
above problems, and an object of the present disclosure
is to provide side thruster equipment that can suppress
the generation of cavitation by a simple structure.

Solution to Problem

[0007] To achieve the above object, side thruster
equipment according to an aspect of the present disclo-
sure includes: a cylindrical tunnel extending in a width
direction of a hull; a propeller including flat blades and
located at a predetermined position in the tunnel such
that a rotation axis of the propeller coincides with a central
axis of the tunnel; first slit holes located on a portion of a
wall of the tunnel, which is closer to starboard than the
propeller, so as to be lined up in a circumferential direc-
tion of the tunnel, the first slit holes being openings each
located so as to extend in a direction intersecting with an
extending direction of the tunnel; second slit holes lo-
cated on a portion of the wall of the tunnel, which is closer
to port than the propeller, so as to be lined up in the
circumferential direction of the tunnel, the second slit
holes being openings each located so as to extend in a
direction intersecting with the extending direction of the
tunnel; and a return channel that is a tubular channel
located such that the tunnel penetrates an inside of the
tubular channel, the return channel communicating with
an inside of the tunnel through the first slit holes and the
second slit holes.

Advantageous Effects of Invention

[0008] The present disclosure achieves an effect of
being able to provide side thruster equipment that has
the above-described configuration and can suppress the
generation of cavitation by a simple structure.

Brief Description of Drawings
[0009]

FIG. 1 is a schematic sectional view of a portion of a
hull at which side thruster equipment as one example
of the present embodiment is located.

FIG. 2 is a schematic diagram showing one example
of slit holes that are open on a wall of a tunnel in the
present embodiment.

FIG. 3isaschematic sectional view of a portion of the
hull at which the side thruster equipment according
to Comparative Example is located.

FIG. 4 is a diagram showing, for example, water flow
with respect to a flat blade of a propeller in the side
thruster equipment according to Comparative Exam-
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ple.

FIG. 5 is a diagram showing, for example, the water
flow with respect to the flat blade of the propeller in
the side thruster equipment as one example of the
present embodiment.

FIG. 6 is a schematic diagram showing another
example of the slit holes that are open on the wall
of the tunnel in the present embodiment.

Description of Embodiments

[0010] Hereinafter, a preferred embodiment of the pre-
sent disclosure will be described with reference to the
drawings. In the following description and the drawings,
the same reference signs are used for the same or
corresponding components, and the repetition of the
same explanation is avoided. Moreover, for ease of un-
derstanding, the components in the drawings are sche-
matically shown, and the shapes, proportions, and the
like of the components shown may not be accurate.

Embodiment

[0011] FIG. 1is a schematic sectional view of a portion
of a hull at which side thruster equipment as one example
of the presentembodiment is located. Moreover, FIG. 2is
a schematic diagram showing one example of slit holes
thatare openonawall ofatunnel. InFIG. 2, the thickness
of a wall 21 of the tunnel is ignored.

[0012] For example, side thruster equipment 100
shown in FIG. 1 is located at a bow side or stern side
of a hull 1. The side thruster equipment 100 includes: a
cylindrical tunnel 2 extending in a width direction of the
hull 1; a side thruster 3; first slit holes S1 and second slit
holes S2 as opening portions that are open on the wall 21
of the tunnel 2; and a tubular return channel 7.

[0013] For example, the tunnel 2 is located at the bow
side or stern side of the hull 1 and under a waterline so as
to penetrate the hull 1 in a hull width direction.

[0014] The side thruster 3 is a thruster that applies
propulsive force to the hull 1 in the hull width direction
by sucking water, such as sea water, from one of open-
ings of the tunnel 2 and discharging the water from the
other opening. The side thruster 3 includes: a propeller 4;
a motor 5 that drives the propeller 4; a gear case 6
accommodating a power transmitter that transmits the
output of the motor 5 to the propeller 4; and the like.
[0015] The propeller 4 is located at a predetermined
position in the tunnel 2 such that a rotation axis of the
propeller 4 coincides with a central axis A of the tunnel 2.
The propeller 4 is a controllable pitch propeller including
flatblades 41. The direction of the water flow in the tunnel
2 which is generated by the rotation of the propeller 4 can
be changed by changing a blade angle. In the present
embodiment, the propeller 4 includes four flat blades 41.
[0016] The first slit holes S1 and the second slit holes
S2 are located so as to sandwich the propeller 4 and be
lined up in a circumferential direction of the tunnel 2 on
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portions of the wall 21 which are located at both sides of
the propeller 4. The first slit holes S1 are located at the
portion of the wall 21 which is closer to the starboard than
the propeller 4, and the second slitholes S2 are located at
the portion of the wall 21 which is closer to the port than
the propeller 4. The first slit holes S1 and the second slit
holes S2 are openings that are located so as to extend in
respective directions intersecting with an extending di-
rection of the tunnel 2.

[0017] The return channel 7 is a tubular channel lo-
cated such that the tunnel 2 penetrates an inside of of the
tubular tunnel. The return channel 7 communicates with
the inside of the tunnel 2 through the slit holes S1 and S2
located at both sides of the return channel 7. In the
present embodiment, the return channel 7 is formed by
a gap between the tubular wall 21 defining the tunnel 2
and a tubular wall 22 located outside the wall 21 with a
predetermined interval.

[0018] Inthe presentembodiment, as shownin FIG. 2,
each first slit hole S1 and each second slit hole S2 are
located so as to extend in respective directions that
intersect with the circumferential direction of the tunnel
2 in opposite directions. Moreover, when viewed in the
extending direction of the tunnel 2, the first slit holes S1
are located so as to be continuous over the entire per-
iphery of the tunnel 2. Similarly, when viewed in the
extending direction of the tunnel 2, the second slit holes
S2 are located so as to be continuous over the entire
periphery of the tunnel 2. In other words, when viewed in
the extending direction of the tunnel 2, there is no gap
between the adjacent first slit holes S1, and similarly,
there is no gap between the adjacent second slit holes
S2. In the present embodiment, when viewed in the
extending direction of the tunnel 2, the adjacent first slit
holes S1 partially overlap each other as shown by an
overlapping range D1 in FIG. 2, and the adjacent second
slit holes S2 partially overlap each other as shown by an
overlapping range D2 in FIG. 2.

[0019] FIG. 1 shows an example in which as shown by
solid line arrows, water flows in the tunnel 2 from the port
side to the starboard side by the rotation of the propeller 4.
At a downstream side of the propeller 4, the water flows
as swirling flow. Then, by the water flow in the tunnel 2
which is generated by the rotation of the propeller 4, water
pressure applied to the first slit holes S1 located down-
stream of the propeller 4 becomes higher than water
pressure applied to the second slit holes S2 located
upstream of the propeller 4. Thus, as shown by broken
line arrows in FIG. 1, the water flowing along a wall
surface of the tunnel 2 flows into the return channel 7
through the first slit holes S1 located downstream of the
propeller 4, and the water which has passed through the
return channel 7 flows out into the tunnel 2 through the
second slit holes S2 located upstream of the propeller 4.
Herein, since the first slit holes S1 and the second slit
holes S2 are open so as to extend in the respective
directions intersecting with the extending direction of
the tunnel 2, the swirling flow at the downstream side
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of the propeller 4 flows from the first slit holes S1 through
the return channel 7 and flows out into the tunnel 2
through the second slit holes S2 as the swirling flow.
[0020] InFIG. 1, the first slit holes S1 serve as inlets of
the return channel 7, and the second slit holes S2 serve
as outlets of the return channel 7. When the blade angle is
changed, and the water flows in the tunnel 2 from the
starboard side to the port side by the rotation of the
propeller 4, the second slit holes S2 serve as the inlets
of the return channel 7, and the first slit holes S1 serve as
the outlets of the return channel 7.

[0021] The following will describe effects obtained by
locating the return channel 7 in which the first slit holes S1
and the second slit holes S2 serve as the inlets and the
outlets as in the side thruster equipment 100 of the
present embodiment, in comparison with Comparative
Example.

[0022] FIG. 3is a schematic sectional view of a portion
of the hull at which the side thruster equipment according
to Comparative Example is located. Side thruster equip-
ment 200 according to Comparative Example is config-
ured such that the first slit holes S1, the second slit holes
S2, and the return channel 7 are omitted from the side
thruster equipment 100 according to the present embo-
diment. Other than the above, the side thruster equip-
ment 200 according to Comparative Example is the same
in configuration as the side thruster equipment 100
shown in FIG. 1.

[0023] FIG. 4 is a diagram showing, for example, the
water flow with respect to the flat blade 41 of the propeller
4 in the side thruster equipment 200 according to Com-
parative Example. In a coordinate system (r, 6, z) shown
inFIG. 4, the central axis A ofthe tunnel 2, i.e., the rotation
axis of the propeller 4 corresponds to an origin, a radial
direction from the origin corresponds to an r-axis, a
circumferential direction corresponds to a 6-axis, and a
central axis direction of the tunnel 2 corresponds to a z-
axis.

[0024] FIG. 4 shows a section of a portion of the flat
blade 41 (hereinafter may be simply referred to as a
"blade 41") which is located away by a certain distance
from a rotation axis center of the propeller 4. Moreover,
LE denotes a blade leading edge, and TE denotes a
blade trailing edge. Broken line arrows show the water
flow with respect to the blade 41. An arrow a shows a
rotational direction of the blade 41, and an arrow b shows
awater flow directionin the tunnel 2. Moreover, in a vector
diagram shown in FIG. 4, V denotes a rotational speed of
the blade 41, C1 denotes a water flow speed component
in the central axis direction in the tunnel 2, W1 denotes a
relative speed of the water flow to the blade 41, and a1
denotes an angle of attack of the water flow with respect
to the blade 41. A surface of the blade 41 which is located
at a front side in the rotational direction serves as a
pressure surface 41a, and an opposite surface of the
blade 41 serves as a suction surface 41b.

[0025] In the side thruster equipment 200, since the
angle of attack a1 is large, a leading edge separation is
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generated in a region R at a side of the suction surface
41b of the blade leading edge LE, and therefore, cavita-
tion is easily generated.

[0026] Next, FIG.5is a diagram showing, for example,
the water flow with respect to the flat blade 41 of the
propeller 4 in the side thruster equipment 100 according
to the present embodiment. FIG. 5 is drawn in the same
manner as FIG. 4.

[0027] Inthe side thruster equipment 100, the angle of
attack is a2 that is smaller than the angle of attack a1 in
the side thruster equipment 200 according to Compara-
tive Example. This will be described below.

[0028] Inthe side thruster equipment 100, the flow rate
of the water flowing to the blade leading edge LE in-
creases by the water flow which has passed through the
return channel 7 and flowed out to the upstream side of
the propeller 4. Therefore, a water flow speed component
C2inthe central axis direction in the tunnel 2 is larger than
the water flow speed component C1 of Comparative
Example. Thus, if the relative speed of the water flow
to the blade 41 provisionally becomes W12, the angle of
attack becomes 12 that is smaller than the angle of
attack a1 of Comparative Example.

[0029] Moreover, the swirling flow which has flowed
into the return channel 7 from the first slit holes S1 passes
through the return channel 7 and returns to the upstream
side of the propeller 4 through the second slit holes S2.
Herein, when a swirling speed of the swirling flow which
has returned to the upstream side of the propeller 4 is 6f,
the rotational speed of the blade 41 with respect to the
water flow is represented by V- 6f. As a result, the relative
speed of the water flow to the blade 41 becomes W2, and
the angle of attack becomes smaller, i.e., becomes a2.
[0030] As above, in the side thruster equipment 100
according to the present embodiment, since the water
flow at the downstream side of the propeller 4 returns to
the upstream side of the propeller 4 through the return
channel 7, the pressure applied to the propeller 4 in-
creases, and the cavitation is hardly generated. More-
over, since the water flow at the downstream side of the
propeller 4 returns to the upstream side of the propeller 4,
and at this time, the swirling flow generated by the rota-
tion of the propeller 4 returns to the upstream side of the
propeller 4, the angle of attack becomes small, i.e.,
becomes a2 especially at a blade tip portion of the blade
41. Thus, the generation of the leading edge separation
at the side of the suction surface 41b of the blade leading
edge LE can be suppressed. Moreover, since the angle of
attack a2 is small, the pressure difference between the
pressure surface and the suction surface at the blade tip
portion of the blade 41 becomes small, and the genera-
tion of a blade tip leakage vortex can be suppressed. As
above, since the generation of the leading edge separa-
tion and the generation of the blade tip leakage vortex can
be suppressed, the generation of the cavitation can be
suppressed. To be specific, by the simple configurationin
which the side thruster equipment 100 according to the
present embodiment includes the return channel 7 and
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the slit holes S1 and S2 as the inlets and outlets of the
return channel 7, the generation of the cavitation is
suppressed, and a decrease in propulsive force is sup-
pressed. Thus, the energy loss can be reduced.

[0031] In the present embodiment, the controllable
pitch propeller is used as the propeller 4. However, a
fixed pitch propeller may be used as the propeller 4.
[0032] FIG. 6is a schematic diagram showing another
example of the slit holes that are open on the wall of the
tunnelin the present embodiment. Aleft side in FIG.6isa
sectional view showing the return channel 7 and a portion
of the tunnel 2 at which the slit holes are located. A right
side in FIG. 6 is a side view showing the portion of the
tunnel 2 at which the slit holes are located.

[0033] The firstslit holes S1 located on a portion of the
wall 21 of the tunnel 2 which is closer to the starboard than
the propeller 4 in FIG. 1 and the second slit holes S2
located on a portion of the wall 21 of the tunnel 2 which is
closer to the port than the propeller 4 in FIG. 1 are the
same in shape as each other and are shown as "slit holes
Sa" in the example of FIG. 6.

[0034] In this case, the slit holes Sa extend in the
circumferential direction of the tunnel 2 and are lined
up in a row in the circumferential direction of the tunnel
2. The adjacent slit holes Sa are separated from each
other by an inter-slit supporting portion 21a that is a
portion of the wall 21 which is located between the
adjacent slit holes Sa. To be specific, the slit holes Sa
are openings located on the wall 21 of the tunnel 2 so as to
extend in a direction orthogonal to the extending direction
of the tunnel 2.

[0035] Even when such slit holes Sa are used as the
first slit holes S1 and the second slit holes S2, as with the
above example, the water flow at the downstream side of
the propeller 4 returns to the upstream side of the pro-
peller 4 through the return channel 7, and at this time, the
swirling flow generated by the rotation of the propeller 4
returns to the upstream side of the propeller 4. Therefore,
the angle of attack becomes small, i.e., becomes o2
especially at the blade tip portion as shown in FIG. 5.
Thus, the generation of the leading edge separation at
the side of the suction surface 41b of the blade leading
edge LE can be suppressed, and the generation of the
blade tip leakage vortex can be suppressed.

[0036] Moreover, in the example of FIG. 6, the lengths
of the slit holes Sa in the circumferential direction of the
tunnel 2 are made different from each other such that: the
effect of the return channel 7 is preferentially exerted ina
region in the tunnel 2 at which the cavitation is easily
generated; and the strength of the tunnel 2 is increased
by increasing the percentage of the areas of the inter-slit
supporting portions 21a in the other portions of the tunnel
2.

[0037] For example, a region in the tunnel 2 in a long-
itudinal section is divided into an upper region, an inter-
mediate region, and a lower region in this order from an
upper side. In this case, when the return channel 7 is not
included, the upper and lower regions in the tunnel 2 are
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regions where the cavitation is easily generated in the
tunnel 2. In the upper region in the tunnel 2, the gear case
6 becomes a hindrance, and the flow speed of the water
flowing to the propeller 4 decreases. Therefore, the load
increases, and the cavitation is easily generated. More-
over, since the upper region is close to the water surface,
and therefore, the water pressure is low, the cavitation is
easily generated. On the other hand, in the lowerregionin
the tunnel 2, flow separation easily occurs at a lower
portion of an entrance of the tunnel 2, and therefore, the
flow speed of the water flowing to the propeller 4 de-
creases. Therefore, the load increases, and the cavita-
tion is easily generated.

[0038] Thus,inthe example of FIG. 6, the lengths of the
slit holes Sa in the circumferential direction are set such
that the swirling flow which returns to the upstream side of
the propeller 4 through the return channel 7 more effec-
tively returns to the upper region and the lower region in
the tunnel 2.

[0039] For example, when the propeller 4 rotates in a
direction shown by an arrow ¢, the swirling flow which has
passed through the return channel 7 flows out into the
tunnel 2 through the slit holes Sa (S2) located upstream
of the propeller 4. Then, when viewed in the central axis
direction of the tunnel 2, a direction that deviates from the
upper-lower direction shown by an arrow d toward a
direction opposite to the rotational direction of the pro-
peller 4 by a predetermined angle is set in accordance
with the swirling direction and swirling speed of the swir-
ling flow, in other words, in accordance with the rotational
direction and rotational speed of the propeller 4 and a use
range of a change angle of the blade. This direction in the
example of FIG. 6 is a direction shown by an arrow e.
Then, afirst predetermined range is set so as to extend in
the circumferential direction from a portion of the tunnel 2
which intersects with the direction shown by the arrow e.
The lengths of the slit holes Sa in the first predetermined
range are setto be longer than the lengths of the slit holes
Sa located outside the first predetermined range, and
thus, the percentage of the areas of the slit holes Sain the
area of the first predetermined range is increased. There-
fore, the flow speed of the water flowing to the propeller 4
is increased, and the generation of the cavitation can be
further suppressed. On the other hand, a second pre-
determined range is set so as to extend in the circumfer-
ential direction from a portion of the tunnel 2 which inter-
sects with a direction intersecting with (for example,
orthogonal to) the arrow e. The lengths of the slit holes
Sa in the second predetermined range are set to be
shorter than the lengths of the slit holes Sa located out-
side the second predetermined range, and thus, the
percentage of the areas of the inter-slit supporting por-
tions 21ain the area of the second predetermined range
is increased. Therefore, the strength of the tunnel 2 can
be secured. As shownin FIG. 6, the lengths of the slithole
Samay be gradually made different from each otherin the
circumferential direction of the tunnel 2.

[0040] It can be said that the first predetermined range
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is a predetermined range which, when viewed in the
central axis direction of the tunnel 2, extends in the
circumferential direction of the tunnel 2 from a portion
of the tunnel 2 which intersects with a straight line that
deviates by a predetermined angle from a vertical line,
which passes through the central axis of the tunnel 2 and
extends in the vertical direction, in a direction opposite to
the rotational direction of the propeller 4. The predeter-
mined angle is set in accordance with, for example, the
rotational speed of the propeller 4. Moreover, the second
predetermined range may be a predetermined range
which extends in the circumferential direction of the
tunnel 2 and is other than the first predetermined range.
[0041] Herein, the propeller 4 is the controllable pitch
propeller. Therefore, even when generating the propul-
sive force in an opposite direction along a left-right direc-
tion with respect to the hull, the rotational direction of the
propeller 4 stays the same. On the other hand, when
using the fixed pitch propeller as the propeller 4 and
generating the propulsive force in the opposite direction
along the left-right direction with respect to the hull, the
rotational direction of the propeller 4 is reversed. As
above, when the propeller 4 is the fixed pitch propeller,
the rotational direction of the propeller 4 may be reversed.
Therefore, the lengths of the slit holes Sa in a predeter-
mined range of an upper portion of the tunnel 2 and a
predetermined range of a lower portion of the tunnel 2
may be set longer than the lengths of the slitholes Sain a
range between the predetermined range of the upper
portion of the tunnel 2 and the predetermined range of the
lower portion of the tunnel 2, and thus, the percentage of
the areas of the slit holes Sa may be increased. Even in
this case, the lengths of the slitholes Sa may be gradually
made different from each other in the circumferential
direction of the tunnel 2.

[0042] Moreover, for example, when the lengths of all
the slit holes Sa are the same as each other, noises or
vibrations of a certain frequency may be generated by the
interference between the water flow generated by the
rotating blades 41 and the slit holes Sa. Therefore, by
making the lengths of the slit holes Sa different from each
other, the generation of the noises and vibrations can be
suppressed. Even when the lengths of all the slit holes Sa
are the same as each other, the noises or vibrations of the
above certain frequency may be small, and the strength
of the tunnel 2 may be able to be secured by the inter-slit
supporting portions 21a. In such a case, the lengths of all
the slit holes Sa in the circumferential direction may be
set to relatively long and equal lengths.

[0043] From the foregoing description, numerous
modifications and other embodiments of the present
disclosure are obvious to those skilled in the art. Accord-
ingly, the foregoing description is to be construed as
illustrative only, and is provided for the purpose of teach-
ing those skilled in the art the best mode for carrying out
the present disclosure. The structural and/or functional
details may be substantially modified without departing
from the scope of the present disclosure.
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Conclusion

[0044] Side thruster equipment according to a first
aspect of the present disclosure includes: a cylindrical
tunnel extending in a width direction of a hull; a propeller
including flat blades and located at a predetermined
position in the tunnel such that a rotation axis of the
propeller coincides with a central axis of the tunnel; first
slitholes located on a portion of a wall of the tunnel, which
is closer to starboard than the propeller, so as to be lined
up in a circumferential direction of the tunnel, the first slit
holes being openings each located so as to extend in a
direction intersecting with an extending direction of the
tunnel; second slit holes located on a portion of the wall of
the tunnel, which is closer to port than the propeller, so as
tobe lined up in the circumferential direction of the tunnel,
the second slit holes being openings each located so as
to extend in a direction intersecting with the extending
direction of the tunnel; and a return channel that is a
tubular channel located such that the tunnel penetrates
an inside of the tubular channel, the return channel
communicating with an inside of the tunnel through the
first slit holes and the second slit holes.

[0045] Accordingto this configuration, the water flow at
the downstream side of the propeller returns to the up-
stream side of the propeller through the return channel. At
this time, since the first slit holes and the second slit holes
as the inlets and outlets of the return channel are openon
the wall of the tunnel so as to extend in directions inter-
secting with the extending direction of the tunnel and are
located so as to be lined upin the circumferential direction
ofthe tunnel, the swirling flow generated by the rotation of
the propeller returns to the upstream side of the propeller.
Therefore, the angle of attack especially at the blade tip
portion of the flat blade can be made small, and the
generation of the leading edge separation and the gen-
eration of the blade tip leakage vortex can be sup-
pressed. Thus, the generation of the cavitation can be
suppressed. To be specific, by the simple configurationin
which the side thruster equipment includes the return
channel and thefirst slitholes and the second slitholes as
the inlets and the outlets, the generation of the cavitation
can be suppressed, and a decrease in propulsive force is
suppressed. Thus, the energy loss can be reduced.
[0046] The side thruster equipment according to a
second aspect of the present disclosure is configured
such that in the side thruster equipment according to the
first aspect, each first slit hole and each second slit hole
are located so as to extend in respective directions that
intersect with the circumferential direction of the tunnel in
opposite directions.

[0047] The side thruster equipmentaccording to a third
aspect of the present disclosure is configured such that:
in the side thruster equipment according to the second
aspect, when viewed in the extending direction of the
tunnel, the first slit holes are located so as to be contin-
uous over an entire periphery of the tunnel; and when
viewed in the extending direction of the tunnel, the sec-



1 EP 4 559 802 A1 12

ond slit holes are located so as to be continuous over the
entire periphery of the tunnel. Thus, the swirling flow at
the downstream side of the propeller can satisfactorily
return to the upstream side of the propeller through the
return channel.

[0048] The side thruster equipment according to a
fourth aspect of the present disclosure is configured such
that in the side thruster equipment according to the first
aspect, the first slit holes and the second slit holes are
located so as to extend in the circumferential direction of
the tunnel.

[0049] The side thruster equipment according to a fifth
aspect of the present disclosure is configured such that:
in the side thruster equipment according to the fourth
aspect, lengths of the first slit holes in the circumferential
direction of the tunnel are made different from each other;
and lengths of the second slit holes in the circumferential
direction of the tunnel are made different from each other.
Thus, noises and vibrations of a certain frequency which
are generated by the interference between the water flow
and the slit holes when the lengths of all the first slit holes
are the same as each other or when the lengths of all the
second slit holes are the same as each other can be
suppressed.

Reference Signs List

[0050]

1 hull

2 tunnel

4 propeller

7 return channel

S1  first slit hole

S2  second slit hole

Claims

1. Side thruster equipment comprising:

acylindrical tunnel extending in a width direction
of a hull;

a propeller including flat blades and located at a
predetermined position in the tunnel such that a
rotation axis of the propeller coincides with a
central axis of the tunnel;

first slit holes located on a portion of a wall of the
tunnel, which is closer to starboard than the
propeller, soas to be lined up in a circumferential
direction of the tunnel, the first slit holes being
openings each located so as to extend in a
direction intersecting with an extending direction
of the tunnel;
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second slit holes located on a portion of the wall
of the tunnel, which is closer to port than the
propeller, so as to be lined up in the circumfer-
ential direction of the tunnel, the second slit
holes being openings each located so as to
extend in a direction intersecting with the ex-
tending direction of the tunnel; and

areturn channelthatis a tubular channel located
such that the tunnel penetrates an inside of the
tubular channel, the return channel communi-
cating with an inside of the tunnel through the
first slit holes and the second slit holes.

The side thruster equipment according to claim 1,
wherein each first slit hole and each second slit hole
are located so as to extend in respective directions
that intersect with the circumferential direction of the
tunnel in opposite directions.

The side thruster equipment according to claim 2,
wherein:

when viewed in the extending direction of the
tunnel, the first slit holes are located so as to be
continuous over an entire periphery of the tun-
nel; and

when viewed in the extending direction of the
tunnel, the second slit holes are located so as to
be continuous over the entire periphery of the
tunnel.

The side thruster equipment according to claim 1,
wherein the first slit holes and the second slit holes
are located so as to extend in the circumferential
direction of the tunnel.

The side thruster equipment according to claim 4,
wherein:

lengths of the first slit holes in the circumferential
direction of the tunnel are made different from
each other; and
lengths of the second slit holes in the circumfer-
ential direction of the tunnel are made different
from each other.
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