
DESCRIPTION 

ASYMMETRIC WAKE GENERATING VORTEX GENERATOR FOR REDUCING 

PROPELLER NOISE AND VIBRATION 

5 

Technical Field 

The present invention relates to a device and method of 

reducing noise and vibration of a propeller for a vessel. More 

particularly, it relates to a vortex generator that generates 

10 an asymmetric wake for reducing noise and vibration of a 

propeller, the vortex generator being capable of reducing 

propeller noise and vibration by reducing cavitation that is 

generated on the blades of the propeller by controlling a flow 

moving to the propeller. 

15 

Background Art 

In general, vessels are moved forward by a propeller that 

is connected to a rotary shaft of an engine in the hull and 

generates propulsion by being rotated by power from the engine, 

20 and the shape and size of blades of propellers are designed in 

various ways, depending on sailing conditions. 

Further, a propeller generates propulsion and torque using 

the flow passing the blades, in which the torque is offset by 

the power from an engine and a vessel is moved forward by the 

25 propulsion. 
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Further, vessels are recently increased in size and speed 

to reduce the operating cost by loading more passengers and 

freights and quickly carrying them, but the increase in size 

and speed of vessels increases the capacity of engines and load 

5 on propellers, which increases fluctuating pressure and 

vibration by the propellers. 

In order to solve this problem, various technologies for 

improving propulsive efficiency of a vessel and reducing 

fluctuating pressure and vibration by a propeller have been 

10 developed. 

In order to improve propulsive efficiency of a vessel and 

reduce vibration by a propeller in the related art, for example, 

there are "The stern appendage to improve ship's speed and wake 

field on the stern of ships" in Korean Patent No. 10-1293006, 

15 a "Flow improving device of wing type with wake reduction & 

advanced force generation" in Korean Patent No. 10-1066213, and 

a "Asymmetric pre-swirl stator" in Korean Patent No. 10-

0416720. 

In detail, the stern appendage to improve a ship's speed 

20 and wake field on the stern of ships disclosed in Korean Patent 

No. 10-1293006 includes support shafts having a predetermined 

length, laterally spaced on the front top of a propeller and 

the surface of a stern, and disposed symmetrically downward and 

a flow control blade having a predetermined length, fixed to 

25 the front ends of the support shafts, and laterally disposed 
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in parallel with the top of the propeller in order to reduce 

resistance by improving water flow at the stern and minimize 

cavitation by the propeller, thereby improving propulsion. 

Further, the wing type flow improving device with wake 

5 reduction & advanced force generation disclosed in Korean 

Patent No. 10-1066213 is disposed in an area with relatively 

uniform flow ahead of a propeller at a stern, uses some of lift 

by blades as propulsion, and improves a flow moving to the 

propeller by moving a separation point through acceleration of 

10 the flow on a hull and by reducing the volume of a low-speed 

flow field around the stern, thereby improving propeller 

efficiency by increasing the speed of the flow moving to the 

propeller and saving fuel of a vessel by generating additional 

propulsion. 

15 Further, the asymmetric pre-swirl stator disclosed in 

Korean Patent No. 10-0416720 relates to a device for improving 

a flow for improving propeller efficiency by generating pre-

swirl effect by changing the tangential speed of a flow moving 

to a propeller using the concept of asymmetric pre-swirl 

20 stator. 

As described above, various technologies have been 

proposed to efficiently improve propulsive efficiency of a 

vessel through a simple configuration without a complicated 

device, but the above technologies in the related art have the 

25 following problems. 
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That is, the technologies for reducing fluctuating 

pressure and vibration by a propeller in the related art, 

generally, are designed to reduce cavitation noise that is the 

main factor of causing propeller noise in a vessel by decreasing 

5 cavitation that is generated on the blades of a propeller by 

controlling a flow moving to the propeller using a blade-shaped 

appendage or a flow control fin attached to the hull. However, 

these devices have a defect that they should be large to achieve 

an effect because they control a flow speed and a flow direction 

10 by the force of fluid by making a predetermined angle of attack 

between a flow and a blade-shaped structure to control the flow 

moving to the propellers. 

Further, there is proposed a method of improving 

efficiency of a propeller using the blade-shaped appendage or 

15 the flow control fin not to reduce noise and vibration of the 

propeller, but to generate pre-swirl effect by making a 

tangential change in the flow moving to the propeller. 

However, the devices improves propeller efficiency, but the 

angle of attack of a blade surface increases and excessive 

20 cavitation is generated on the surface of the propeller, which 

has an adverse influence on the noise and vibration of the 

propeller. 

Accordingly, as described above, in order to solve the 

problems with a blade-shaped appendage or a flow control fin 

25 of the related art having a defect in that it should be large 

4 



to achieve an effect because the blade-shaped structure is 

attached to the hull at the front portion of a propeller and 

has a predetermined angle of attack with respect to a flow to 

control a flow moving to the propeller, thereby controlling the 

5 flow speed and flow direction by the force of fluid, and in 

that it can improve propeller efficiency from the pre-swirl 

effect by controlling the flow moving to a propeller by changing 

the tangential speed, but causes a side effect of an increase 

in noise and vibration of a propeller due to an increase of 

10 cavitation, it is preferable to provide a new type of vortex 

generator that makes a flow faster by reducing the angle of 

attack of a blade surface by changing the axial speed rather 

than the tangential speed by generating vortex to be able to 

control a flow speed even with a small structure and that can 

15 minimize cavitation noise by generating an asymmetric wake for 

specifically increasing the speed of the flow in the first 

quadrant with particularly a lot of cavitation of a propeller 

when the propeller rotates clockwise when seeing the bow from 

the stern. However, a device or a method that satisfies all 

20 of the demands has not been developed yet. 

In the present invention, it is assumed that the first 

quadrant is the right upper area of four areas equally divided 

at 90 degrees around the axis of a propeller in a plan when 

the propeller is seen from the stern of a vessel, and the other 

25 areas are sequentially counterclockwise second, third, and 
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fourth quadrants, in which it is assumed that the propeller 

rotates clockwise. 

That is, when the propeller rotates counterclockwise, the 

area with a lot of cavitation is the second quadrant and a 

5 vortex generator is attached with the left and right changed 

in contrast to the propeller rotating clockwise. 

Documents of Related Art 

(Patent Document 1) Korean Patent No. 10-1293006 

(2013.07.29) 

10 (Patent Document 2) Korean Patent No. 10-1066213 

(2011.09.14) 

(Patent Document 3) Korean Patent No. 10-0416720 

(2004.01.15) 

15 Disclosure 

Technical Problem 

The present invention has been made in an effort to solve 

the problems in the related art and an object of the present 

invention is to provide a vortex generator that generates an 

20 asymmetric wake for reducing propeller noise and vibration, the 

vortex generator being cable of minimizing cavitation noise by 

generating asymmetric wake distribution for increasing the 

speed of a flow in a quadrant of a propeller where cavitation 

is generated most when the propeller rotates clockwise when 

25 seeing the bow from the stern by reducing an angle of attack 
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of a blade surface by changing an axial speed using an 

asymmetric wake, in order to solve the problems with a blade-

shaped appendage or a flow control fin of the related art having 

a defect in that it should be large to achieve an effect because 

5 the blade-shaped structure is attached to the hull at the front 

portion of a propeller and has a predetermined angle of attack 

with respect to a flow to control a flow moving to the 

propeller, thereby controlling the flow speed and flow 

direction by the force of fluid, and in that it can improve 

10 propeller efficiency from the pre-swirl effect by controlling 

the flow moving to a propeller by changing the tangential speed, 

but causes a side effect of an increase in noise and vibration 

of a propeller due to an increase of cavitation. 

Further, another object of the present invention is to 

15 provide a vortex generator that generates an asymmetric wake 

for reducing noise and vibration of a propeller to decrease 

noise and vibration due to cavitation, the vortex generator 

being asymmetrically attached to the left and right sides of a 

hull, inducing a change in axial speed, reducing an angle of 

20 attack of a blade surface in the first quadrant of a propeller 

by generating asymmetric wake distribution for increasing the 

speed of a flow in the first quadrant with a lot of cavitation, 

and improving a flow rectification performance by equalizing 

the angle of attack between a flow and the blade of the 

25 propeller and making a wake moving to the propeller uniform. 
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Technical Solution 

In order to achieve the object of the present invention, 

according to an aspect of the present invention, there is 

5 provided a vortex generator that generates an asymmetric wake 

for reducing propeller noise and vibration in order to solve 

the problems with a blade-shaped appendage or a flow control 

fin of the related art having a defect in that it should be 

large to achieve an effect because the blade-shaped structure 

10 is attached to the hull at the front portion of a propeller 

and has a predetermined angle of attack with respect to a flow 

to control a flow moving to the propeller, thereby controlling 

the flow speed and direction by the force of fluid, and in that 

it can improve propeller efficiency from the pre-swirl effect 

15 by controlling the flow moving to a propeller by changing the 

tangential speed, but causes a side effect of an increase in 

propeller noise and vibration due to an increase of cavitation, 

The vortex generator includes a first vortex generating plate 

formed in a metal plate shape and attached to a right side of 

20 a vessel (a left side when a propeller rotates 

counterclockwise) ahead of the propeller, when the propeller 

rotates clockwise, in which an angle of attack of a flow moving 

to blades of the propeller is reduced by generating an 

asymmetric wake further increasing a speed of a flow moving to 

25 blade surfaces of the propeller at a right upper portion of the 
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propeller that corresponds to a portion where the cavitation 

is generated most (at a left right portion when the propeller 

rotates counterclockwise), thereby reducing the cavitation at 

the right upper portion of the propeller (at the left upper 

5 portion when the propeller rotates counterclockwise) where the 

cavitation is generated most to reduce noise and vibration of 

the propeller. 

The vortex generator may further include a second vortex 

generating plate formed in a metal plate shape the same as the 

10 first vortex generating plate and attached to the left side of 

the vessel ahead of the propeller (the right side when the 

propeller rotates counterclockwise), opposite to the first 

vortex generating plate, in which the first vortex generating 

plate and the second vortex generating plate may be attached 

15 at the same position at different angles on the left and right 

sides of the vessel, whereby an angle of attack of a flow moving 

to blades of the propeller may be reduced by generating an 

asymmetric wake further increasing a speed of a flow moving to 

blade surfaces of the propeller at a right upper portion of the 

20 propeller that corresponds to a portion where cavitation is 

generated most (at a left right portion when the propeller 

rotates counterclockwise), thereby reducing the cavitation at 

the right upper portion of the propeller where the cavitation 

is generated most to reduce propeller noise and vibration. 
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The vortex generator further includes a third vortex 

generating plate attached to the right side of the vessel (the 

left side when the propeller rotates counterclockwise) at the 

same height as the first vortex generating plate, closer to the 

5 propeller than the first vortex generator, in which the angle 

of attack of the flow moving toward the blades of the propeller 

may be further reduced by further increasing the flow speed of 

the flow moving to the blade surfaces of the propeller at the 

upper right portion of the propeller (left upper portion when 

10 the propeller rotates counterclockwise), thereby further 

reducing the cavitation. 

Assuming that a distance AP~FP between a bow FP to a stern 

AP of the vessel is an entire length LBP of the vessel, the 

first vortex generating plate and the second vortex generating 

15 plate may be attached at positions corresponding to 12 ~ 18% 

of the entire length LBP from the stern AP. 

The third vortex generating plate may be attached at a 

position corresponding to 8 ~ 15% of the entire length LBP from 

the stern AP. 

20 The first vortex generating plate to the third vortex 

generating plate may be disposed within a range from a bottom 

of the vessel to an axis of the propeller. 

The first vortex generating plate to the third vortex 

generating plate may be formed in a pentagonal shape. 
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The first vortex generating plate to the third vortex 

generating plate may be positioned at an angle such that an 

angle of attack between the vortex generating plates and a flow 

moving to the vortex generating plate is 5 ~ 15 degrees. 

5 The difference of attachment angle between the first and 

third vortex generating plates disposed on the right side of 

the vessel when the propeller rotates clockwise (the left side 

when the propeller rotates counterclockwise) and the second 

vortex generating plate disposed on the left side of the vessel 

10 (the left side when the propeller rotates counterclockwise) may 

be 0 ~ 10 degrees. 

The difference of attachment angle between the first and 

third vortex generating plates disposed on the right side of 

the vessel when the propeller rotates clockwise (the left side 

15 when the propeller rotates counterclockwise) and the second 

vortex generating plate disposed on the left side of the vessel 

(the left side when the propeller rotates counterclockwise) may 

be 1 ~ 10 degrees. 

The difference of attachment angle between the first and 

20 third vortex generating plates disposed on the right side of 

the vessel when the propeller rotates clockwise (the left side 

when the propeller rotates counterclockwise) and the second 

vortex generating plate disposed on the left side of the vessel 

(the left side when the propeller rotates counterclockwise) may 

25 be 1 ~ 5 degrees. 
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According the present invention, there is provided a 

method of reducing propeller noise and vibration by reducing 

cavitation using the vortex generator that generates an 

asymmetric wake for reducing propeller noise and vibration. 

5 According to another aspect of the present invention, 

there is provided a vessel that reduces noise and vibration by 

reducing cavitation using the vortex generator that generates 

an asymmetric wake for reducing noise and vibration of a 

propeller of any one of claims 38 to 11 and is attached to the 

10 vessel. 

Advantageous Effects 

As described above, further, it is possible to solve the 

problems with a blade-shaped appendage or a flow control fin 

15 of the related art having a defect in that it should be large 

to achieve an effect because the blade-shaped structure is 

attached to the hull at the front portion of a propeller and 

has a predetermined angle of attack with respect to a flow to 

control a flow moving to the propeller, thereby controlling the 

20 flow speed and flow direction by the force of fluid, and in 

that it can improve propeller efficiency from the pre-swirl 

effect by controlling the flow moving to a propeller by changing 

the tangential speed, but causes a side effect of an increase 

in propeller noise and vibration due to an increase of 

25 cavitation, by providing a vortex generator that generates an 
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asymmetric wake for propeller reducing noise and vibration of 

to minimize cavitation noise by generating asymmetric wake 

distribution for increasing the speed of a flow in the first 

quadrant of a propeller (the second quadrant when the propeller 

5 rotates counterclockwise) where a lot of cavitation is 

generated when the propeller rotates clockwise when seeing the 

bow from the stern by reducing an angle of attack of a blade 

surface by changing an axial speed using an asymmetric wake. 

Further, according to the present invention, there is 

10 provided a vortex generator that generates an asymmetric wake 

for reducing propeller noise and vibration to minimize 

cavitation noise by generating asymmetric wake distribution for 

increasing the speed of a flow in the first quadrant of a 

propeller (the second quadrant when the propeller rotates 

15 counterclockwise) where cavitation is generated most when the 

propeller rotates clockwise when seeing the bow from the stern 

by reducing an angle of attack of a blade surface by changing 

an axial speed using an asymmetric wake, so that the angles of 

attack between a flow and the blade surfaces of a propeller is 

20 equalized by a vortex generator asymmetrically attached to the 

left and right sides of a hull and flow rectification 

performance is improved by making a wake flowing to propeller 

surfaces uniform, whereby it is possible to reduce noise and 

vibration due to cavitation. 

25 
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Description of Drawings 

FIG. 1 is a diagram schematically showing the entire 

configuration of vortex generators that generate an asymmetric 

wake for reducing propeller noise and vibration according to 

5 first and second embodiments of the present invention. 

FIG. 2 is a diagram schematically showing the entire 

configuration of a vortex generator that generates an 

asymmetric wake for reducing propeller noise and vibration 

according to a third embodiment of the present invention. 

10 FIG. 3 is a diagram for illustrating an angle of attack 

of a vortex generator to a flow. 

FIG. 4 is a diagram for illustrating an angle of attack 

of a blade surface of a propeller to a flow. 

FIG. 5 is a diagram showing a wake flowing to a propeller 

15 without a vortex generator. 

FIG. 6 is a diagram comparing cases with and without the 

vortex generator according to the first embodiment of the 

present invention. 

FIG. 7 is a diagram comparing cases with and without the 

20 vortex generator according to the second embodiment of the 

present invention. 

FIG. 8 is a diagram comparing cases with and without the 

vortex generator according to the third embodiment of the 

present invention. 
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FIG. 9 is a diagram comparing cases when the vortex 

generator according to the first embodiment of the present 

invention is formed and attached in a rectangular shape and a 

pentagonal shape. 

5 FIG. 10 is a diagram comparing flow speed distribution 

when the vortex generator according to the first embodiment of 

the present invention is formed and attached in a rectangular 

shape and a pentagonal shape. 

FIG. 11 is a diagram comparing vortex strengths when the 

10 vortex generator according to the first embodiment of the 

present invention is formed and attached in a rectangular shape 

and a pentagonal shape. 

FIG. 12 is a diagram comparing results of estimating 

through numerical analysis the amount of cavitation generated 

15 on a propeller when a vortex generator is attached and not 

attached. 

Best: Mode 

Detailed embodiments of a vortex generator that generates 

20 an asymmetric wake for reducing noise and vibration of a 

propeller according to the present invention will be described 

hereafter with reference to the accompanying drawings. 

It should be understood that the following description is 

just an example for accomplishing the present invention and the 

25 present invention is not limited thereto. 
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Further, it should be understood that components that are 

determined as being the same as or similar to those in the 

related art or as being easily understood and achieved by those 

skilled in the art are not described in detail for simple 

5 description in the following description about embodiments of 

the present invention. 

Further, in the following description about embodiments 

of the present invention, it should be understood that the same 

or similar components are given the same reference numerals and 

10 are not described in detail for simple description. 

The present invention, as described below, provides a 

vortex generator that generates an asymmetric wake for reducing 

propeller noise and vibration, the vortex generator being cable 

of minimizing cavitation noise by generating asymmetric wake 

15 distribution for increasing the speed of a flow in a quadrant 

of a propeller where cavitation is generated most when the 

propeller rotates clockwise when seeing the bow from a stern 

by reducing an angle of attack of a blade by changing an axial 

speed using an asymmetric wake, in order to solve the problems 

20 with a blade-shaped appendage or a flow control fin of the 

related art having a defect in that it should be large to 

achieve an effect because the blade-shaped structure is 

attached to the hull at the front portion of a propeller and 

has a predetermined angle of attack with respect to a flow to 

25 control a flow moving to the propeller, thereby controlling the 
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flow speed and direction by the force of fluid, and in that it 

can improve propeller efficiency from the pre-swirl effect by 

controlling the flow moving to a propeller by changing the 

tangential speed, but causes a side effect of an increase in 

5 propeller noise and vibration due to an increase of cavitation. 

Further, the present invention provides a vortex generator 

that generates an asymmetric wake for reducing propeller noise 

and vibration to decrease noise and vibration due to 

cavitation, the vortex generator being asymmetrically attached 

10 to the left and right sides of a hull, inducing a change in 

axial speed, reducing an angle of attack of a blade in the 

first quadrant of a propeller by generating asymmetric wake 

distribution for increasing the speed of a flow in the first 

quadrant where cavitation is generated most, and improving a 

15 flow rectification performance by equalizing the angle of 

attack between a flow and the blade of the propeller and making 

a wake moving to the propeller uniform. 

The vortex generators that generate an asymmetric wake 

for reducing noise and vibration of a propeller according to 

20 the present invention will be described in detail with 

reference to the accompanying drawings. 

First, referring to FIG. 1, FIG. 1 is a diagram 

schematically showing the entire configuration of vortex 

generators that generate an asymmetric wake for reducing noise 
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and vibration of a propeller according to first and second 

embodiments of the present invention. 

As shown in FIG. 1, a vortex generator 10 that generates 

an asymmetric wake for reducing noise and vibration of a 

5 propeller according to the first embodiment of the present 

invention is formed in the shape of a metal plate and one vortex 

generator is attached to the right side of a vessel ahead of a 

propeller when the propeller rotates clockwise (on the left 

side when the propeller rotates counterclockwise) with respect 

10 to the propeller. 

That is, the vortex generator 10 according to the first 

embodiment of the present invention, which is formed in the 

shape of a metal plate, as shown in FIG. 1, is independently 

attached to the left side or the right side of a vessel, 

15 depending on the rotational direction of the propeller to 

increase the speed of a flow in a first quadrant or a second 

quadrant where the angle of attack between a propeller surface 

and a flow is the largest. 

Further, a vortex generator 10 that generates an 

20 asymmetric wake for reducing propeller noise and vibration 

according to the second embodiment of the present invention, 

as shown in FIG. 1, is formed in the shape of a metal plate 

and is attached to the left and right side of a vessel ahead 

of a propeller, asymmetrically with the propeller therebetween. 
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That is, the vortex generator 10 according to the second 

embodiment of the present invention, which is formed in the 

shape of a metal plate, as shown in FIG. 2, is asymmetrically 

attached at the same position at different angles to the left 

5 side or the right side of a vessel to increase the speed of a 

flow in a first quadrant or a second quadrant where the angle 

of attack between a propeller surface and a flow is the largest. 

Further, referring to FIG. 2, shown is a diagram 

schematically showing the entire configuration of a vortex 

10 generator that generates an asymmetric wake for reducing 

propeller noise and vibration according to a third embodiment 

of the present invention. 

A vortex generator 2 0 according to the third embodiment 

of the present invention, as shown in FIG. 2, is additionally 

15 attached to the right side of the vessel when the propeller 

rotates clockwise or to the left side when the propeller rotates 

counterclockwise, with the vortex generator 10 attached at the 

same position at different angles to the left and right sides 

of the vessels, similar to the second embodiment to further 

20 increase the speed of a flow in the first quadrant, in which 

the additional vortex generator is positioned closer to the 

propeller at the same height as the vortex generator 10. 

In detail, when the distance (AP ~ FP) between the bow FP 

to the stern AP is the entire length LBP of the vessel, the 

25 vortex generator 10 may be attached to at a position 
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corresponding to 12% ~ 18% of the entire length LBP from the 

stern AP on left and right sides of the vessel in the first 

and second embodiments. 

Further, in the third embodiment, the additional vortex 

5 generator 20 may be attached at a position corresponding to 8 

~ 15% of the entire length LBP from the stern AP on the left 

or right side of the vessel, depending on the rotational 

direction of the propeller. 

Further, the vortex generators 10 and 20 may be positioned 

10 at a height within the range from the bottom of the vessel to 

the axis of the propeller. 

Further, referring to FIG. 3, shown is a diagram for 

illustrating an angle of attack of a vortex generator to a 

flow. 

15 As shown in FIG. 3, the attachment angle of the vortex 

generators 10 and 20 are determined by an angle of attack (3 

between the vortex generators and a flow speed vector traveling 

to the vortex generators. The angle of attack (3 between the 

vortex generators and the flow moving to the vortex generators 

20 is set to 5 ~ 15 degrees, in which the difference of the 

attachment angles on the left and right sides may be set to 0 

~ 10 degrees, and if necessary, may be set to 1 ~ 10 degrees 

or 1 to 5 degrees. 

The vortex generators 10 and 20 may be formed in various 

25 shapes, for example, a triangle or a rectangle, but it is the 
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most effective that they are made of a pentagonal metal plate 

and then attached. 

Therefore, according to the configuration, vortex 

generated by the vortex generators 10 and 20 pushes slow flow 

5 moving to the propeller surface outside the propeller by 

changing an existing flow pattern so that high-speed flow moves 

to the propeller surface while flowing on the surface of the 

hull, so the angle of attack of the flow moving to the blades 

is decreased, thereby suppressing cavitation by reducing load 

10 on the propeller surface. 

In particular, when the propeller rotates clockwise, flow 

becomes faster in the first quadrant (the second quadrant when 

the propeller rotates counterclockwise) where cavitation is 

generated most, so the angle of attack between the propeller 

15 surface and a flow decreases and the cavitation is greatly 

reduced. Accordingly, the noise by cavitation that is the main 

factor of the propeller noise is considerably reduced, so noise 

and vibration by the propeller can be reduced. 

The principle of reducing noise and vibration of a 

20 propeller using the vortex generators 10 and 20 according to 

an embodiment of the present invention is described in detail 

hereafter. 

First, in the present invention, it is assumed that the 

first quadrant is the right upper area of four areas equally 

25 divided at 90 degrees around the axis of a propeller in a 
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propeller surface when seeing the bow from the stern, and the 

other areas are sequentially counterclockwise second, third, 

and fourth quadrants, in which it is assumed that the propeller 

rotates clockwise. 

5 Further, referring to FIGS. 4 and 5, FIG. 4 is a diagram 

for illustrating an angle of attack between a propeller blade 

surface and a flow and FIG. 5 is a diagram showing a wake 

flowing to a propeller surface without a vortex generator 

attached. 

10 In FIG. 4, assuming a plan with the portion of a propeller 

at the stern of a vessel in a fixed coordinate system, as shown 

in FIG. 4, the axial velocity Va of a flow moving to a propeller 

is expressed as the sum of the moving (forward moving) speed 

of the vessel and the velocity component in the axial direction 

15 of the propeller of a wake induced by the shape of the hull, 

while the tangential velocity Vt may be expressed as the sum 

of the rotational speed of the propeller and the horizontal 

velocity component of a wake induced by the shape of the hull. 

That is, as shown in FIG. 4, the angle between the vector 

20 produced by summing the axial velocity Va and the tangential 

velocity Vt of the propeller and a chord line of a propeller 

blade is an angle of attack a, so when the rotational speed of 

the propeller increases or the tangential speed of the wake 

flowing to the propeller surface increases in the opposite 

25 direction to the rotational speed of the propeller, the angle 
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of attack a increases, while when the moving speed, that is, 

the speed Va of the flow moving to the propeller increases, the 

angle of attack a decreases. 

In detail, when the angle of attack a increases, the 

5 pressure difference between the top (suction surface) and the 

bottom (pressure surface) of a propeller blade increases, so 

the load applied to the propeller blade increases and 

cavitation on the top (suction surface) that is a low-pressure 

area increases accordingly. Considering the first quadrant 

10 (when the propeller rotates clockwise), as shown in FIG. 5, the 

tangential component of the wake is in the opposite direction 

to the rotational direction of the propeller (the clockwise 

direction) in the first quadrant, so the flow speed becomes 

fast and the angle of attack a increases relative to the second 

15 quadrant where the rotational direction and the tangential 

component of the propeller are the same, which increases the 

pressure difference between the top (suction surface) and the 

bottom (pressure surface) of a propeller blade, as described 

above, so the strongest cavitation is generated in the first 

20 quadrant in comparison to other quadrants, which causes noise 

and vibration. 

Accordingly, in consideration of the above description, 

it is the most effective to reduce the angle of attach in the 

first quadrant when the propeller rotates clockwise in terms 

25 of reduction of the entire cavitation. To this end, as in an 
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embodiment of the present invention, when a vortex generator 

is disposed ahead of a propeller, the axial speed Va is 

increased by the vortex and the angle of attack of the flow 

moving to the propeller blades decreases, so the force applied 

5 to the blade surfaces of the propeller decreases and pressure 

drop on the bottom (suction surface) of the propeller blades 

is attenuated, thus cavitation is reduced and propeller noise 

and vibration can be reduced. 

Further, as in the third embodiment, since two vortex 

10 generators are attached to the right side when a propeller 

rotates clockwise, the speed of the flow flowing to the 

propeller blades is further increased, so it is possible to 

further improve the above-mentioned effect of reducing 

cavitation and propeller noise and vibration by decreasing the 

15 angle of attack. 

Accordingly, the vortex generator according to the present 

invention can be achieved. Further, as compared with a blade-

shaped appendage or a flow control fin of the related art having 

a defect in that it should be large to achieve an effect because 

20 the blade-shaped structure is attached to the hull at the front 

portion of a propeller and has a predetermined angle of attack 

with respect to a flow to control a flow moving to the 

propeller, thereby controlling the flow speed and flow 

direction by the force of fluid, and in that it can improve 

25 propeller efficiency from the pre-swirl effect by controlling 
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the flow moving to a propeller by changing the tangential speed, 

but causes a side effect of an increase in propeller noise and 

vibration due to an increase of cavitation, the vortex 

generator according to an embodiment of the present invention 

5 is different from existing vortex generators in that it can 

generally make a flow faster by reducing the angle of attack 

of a flow moving to a blade surface by changing the axial speed 

using vortex other than the tangential speed only attaching a 

small structure to a side of a vessel and can minimize 

10 cavitation noise by generating asymmetric wake distribution 

that increases the speed of a flow in the first quadrant of a 

propeller surface (when the propeller rotates clockwise) or in 

the second quadrant (when the propeller rotates 

counterclockwise) where cavitation is generated most. 

15 Further, referring to FIGS. 6 to 12, FIGS. 6 to 8 are 

diagrams comparing cases when a vortex generator according to 

an embodiment of the present invention is attached and not 

attached, FIGS. 9 to 11 are diagrams comparing cases when the 

vortex generator according to the first embodiment of the 

20 present invention is formed and attached in a rectangular shape 

and a pentagonal shape, and FIG. 12 is a diagram comparing 

results of estimating through numerical analysis the amount of 

cavitation generated on a propeller when a vortex generator is 

attached and not attached. 

25 



In FIGS. 6 to 12, it is assumed that the propeller rotates 

clockwise when seeing from the bow to the stern of a vessel. 

Referring to FIGS. 6 to 8, the right ones (w/VG) show a 

wake contour and streamlines in a plan seeing a propeller from 

5 the stern of a vessel when a vortex generator according to an 

embodiment of the present invention is attached to the left and 

right sides of the vessel, in which the closer to the red color, 

the higher the flow speed, while the closer to the blue color, 

the lower the flow speed. 

10 Referring FIG. 6 first, the left one (w/o VG) is a case 

when a vortex generator is not attached and the right one (w/VG) 

shows a case when the vortex generator according to the first 

embodiment of the present invention is attached. 

That is, as shown in FIG. 6, it can be seen that the flow 

15 speed was increased in the first quadrant when the vortex 

generator is attached in accordance with the first embodiment 

of the present invention as compared with the case when the 

vortex generator is not attached. 

Nest, referring FIG. 7, the left one (w/o VG) is a case 

20 when a vortex generator is not attached and the right one (w/VG) 

shows a case when the vortex generator according to the second 

embodiment of the present invention is asymmetrically attached 

at different angles on the left and right sides of a vessel. 

The result shown in FIG. 7 corresponds to a case when the 

25 left vortex generator was inclined at about 8 degrees and the 
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right vortex generator was inclined at about 10 degrees, but 

it should be noted that the present invention is not limited 

thereto. 

That is, as shown in FIG. 7, it can be seen that the 

5 entire flow speed was increased when vortex generators are 

attached in accordance with the second embodiment of the 

present invention, as compared with a case when the vortex 

generators are not attached, and that the flow speed at the 

right upper portion corresponding to the first quadrant was 

10 further increased as compared with other portions by further 

increasing the angle of the right vortex generator. 

Nest, referring FIG. 8, the left one (w/o VG) is a case 

when a vortex generator is not attached and the right one (w/VG) 

shows a case when vortex generator are asymmetrically attached 

15 at different angles on the left and right sides of a vessel 

and an additional vortex generator is attached to the right 

side in accordance with the third embodiment of the present 

invention. 

The result shown in FIG. 8 shows a case when the left 

20 vortex generator was inclined at 8 degrees and the right vortex 

generator was inclined at 10 degrees, and the additional vortex 

generator was moved and attached at a distance corresponding 

to 2.5% of the vessel length LBP toward the propeller at the 

same height only on the right side, but it should be noted that 

25 the present invention is not limited thereto. 
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That is, as shown in FIG. 8, it can be seen that the 

entire flow speed was increased when vortex generators are 

attached in accordance with the third embodiment of the present 

invention, as compared with a case when they are not attached, 

5 and it can also be seen that the flow speed at the right upper 

portion corresponding to the first quadrant was further 

increased, as compared with the case shown in FIG. 7, by 

attaching an additional vortex generator to the right side. 

Further, referring to FIG. 9, the left one shows a case 

10 when a vortex generator is formed and attached in a rectangular 

shape in accordance with the first embodiment of the present 

invention (w/VG (rectangle)), while the right one shows a case 

when the vortex generator according to the first embodiment of 

the present invention was formed and attached'in a pentagonal 

15 shape (w/VG (pentagon)). 

That is, as shown in FIG. 9, it can be seen that the flow 

speed was faster in the rectangular case than in the pentagonal 

case, which is because the pentagonal vortex generator 

generates stronger vortex ahead of the vortex generator, as 

20 compared with the rectangular vortex generator, so an entirely 

stronger vortex is generated and accordingly a faster flow 

speed is induced. 

Further, referring to FIG. 10, shown is flow speed 

distribution in the axial direction of a propeller when there 

25 is no vortex generator and flow speed distribution radially at 
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0.5r/R and 0.7r/R in a propeller surface within a rotational 

angle of 315 ~ 360 where particularly a low flow passes in the 

first quadrants of the rectangular vortex generator and the 

pentagonal vortex generator in FIG. 9. 

5 In FIG. 10, the reference point of the rotational angle 

is the top point (12 o'clock direction) as 0 degree and the 

counterclockwise direction is the positive direction, in which 

the first quadrant is the range of 270 to 360 degrees. 

Further, in FIG. 10, Bare means a case without a vortex 

10 generator, R is a propeller radius, RT is a rectangular vortex 

generator, and PT a pentagonal vortex generator. 

As shown in FIG. 10, it can be seen that when both of the 

rectangular vortex generator and the pentagonal vortex 

generator increases the flow speed, as compared with a case 

15 without a vortex generator and cavitation on propeller surfaces 

is reduced. 

A flow passes very fast the pentagonal vortex generator 

in 315 to 360 degrees where a flow speed is low, as compared 

with the rectangular vortex generator, and particularly, the 

20 flow speed was increased by about 12% or more around 350 ~ 360 

degrees where the flow speed is the lowest. 

That is, this result means that both of the rectangular 

vortex plate and the pentagonal vortex plate increases the flow 

speed, as compared with a case without a vortex generator, so 

25 cavitation on the propeller surfaces is reduced, but the 
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pentagonal vortex generator further reduces cavitation in the 

area with a low flow speed, as compared with the rectangular 

vortex generator, whereby it is possible to effectively reduce 

noise and vibration. 

5 Further, referring to FIG. 11, the left one and the right 

one show vortex strength generated by a vortex plate when a 

vortex generator is formed and attached in a rectangular shape 

in accordance with the first embodiment of the present 

invention and when the vortex generator according to the first 

10 embodiment of the present invention was formed and attached in 

a pentagonal shape, respectively. 

As shown in FIG. 11, it can be seen that the pentagonal 

vortex plate increases the vortex strength maximally by 20% or 

more in comparison to the rectangular vortex plate, so it is 

15 very effective in control of a flow speed using vortex in 

comparison to the rectangular vortex plate. 

On the basis of this result, it can be seen that a 

rectangle is more effective than a pentagon as the shape of the 

vortex generator. 

20 Although the vortex generator is formed in a pentagonal 

shape in the embodiments of the present invention for simple 

description, a plate is added on the pentagonal vortex plate 

when the pentagonal plate is substantially welded to a vessel 

by welding for structural stability, and the contact portion 

25 between the vortex plate and the hull and the angled portions 
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of the vortex plate are chamfered and filleted so that acute 

right-angled portions are rounded. 

Further, referring to FIG. 12, FIG. 12A and FIG. 12B are 

diagrams showing cavitation distribution on propeller surfaces 

5 when a vortex generator is not attached and when the vortex 

generator according to the second embodiment of the present 

invention is attached, respectively. 

That is, as shown in FIG. 12, it can be seen that the 

volume of cavitation on the propeller surfaces was greatly 

10 reduced when a vortex generator is attached, which means that 

it is possible to considerably reduce propeller noise and 

vibration due to cavitation. 

Accordingly, it is possible to achieve a vortex generator 

that generates an asymmetric wake for reducing propeller noise 

15 and vibration according to the present invention through the 

configuration described above. 

Further, since the vortex generator that generates an 

asymmetric wake for reducing propeller noise and according to 

the present invention is achieved through the configuration 

20 described above, it is possible to solve the problems with a 

blade-shaped appendage or a flow control fin of the related art 

having a defect in that it should be large to achieve an effect 

because the blade-shaped structure is attached to the hull at 

the front portion of a propeller and has a predetermined angle 

25 of attack with respect to a flow to control a flow moving to 
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the propeller, thereby controlling the flow speed and flow 

direction by the force of fluid, and in that it can improve 

propeller efficiency from the pre-swirl effect by controlling 

the flow moving to a propeller by changing the tangential speed, 

5 but causes a side effect of an increase in propeller noise and 

vibration due to an increase of cavitation, by providing a 

vortex generator that generates an asymmetric wake for reducing 

propeller noise and vibration to minimize cavitation noise by 

generating asymmetric wake distribution for increasing the 

10 speed of a flow in the first quadrant of a propeller (the second 

quadrant when the propeller rotates counterclockwise) where 

cavitation is generated most when the propeller rotates 

clockwise when seeing the bow from the stern by reducing an 

angle of attack of a blade surface by changing an axial speed 

15 using an asymmetric wake. 

Further, according to the present invention, there is 

provided a vortex generator that generates an asymmetric wake 

for reducing propeller noise and vibration to minimize 

cavitation noise by generating asymmetric wake distribution for 

20 increasing the speed of a flow in the first quadrant of a 

propeller (the second quadrant when the propeller rotates 

counterclockwise) where cavitation is generated most when the 

propeller rotates clockwise when seeing the bow from the stern 

by reducing an angle of attack of a blade surface by changing 

25 an axial speed using an asymmetric wake, so that the angles of 
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attack between a flow and the blade surfaces of a propeller is 

equalized by a vortex generator asymmetrically attached to the 

left and right sides of a hull and flow rectification 

performance is improved by making a wake flowing to propeller 

5 surfaces uniform, whereby it is possible to reduce noise and 

vibration due to cavitation. 

Although vortex generators that generate an asymmetric 

wake for reducing noise and vibration of a propeller according 

to embodiments of the present invention were described above, 

10 the present invention is not limited to the embodiments and may 

be changed, modified, combined, and replaced in various ways, 

depending on necessities in design and other various factors 

by those skilled in the art. 

<Description of the Reference Numerals in the Drawings> 

15 10: Vortex generator 

20: Vortex generator 
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CLAIMS 

1. A vortex generator that generates an asymmetric wake 

for reducing propeller noise and vibration in order to solve 

5 the problems with a blade-shaped appendage or a flow control 

fin of the related art having a defect in that it should be 

large to achieve an effect because the blade-shaped structure 

is attached to the hull at the front portion of a propeller 

and has a predetermined angle of attack with respect to a flow 

10 to control a flow moving to the propeller, thereby controlling 

the flow speed and direction by the force of fluid, and in that 

it can improve propeller efficiency from the pre-swirl effect 

by controlling the flow moving to a propeller by changing the 

tangential speed, but causes a side effect of an increase in 

15 propeller noise and vibration due to an increase of cavitation, 

the vortex generator comprising a first vortex generating 

plate formed in a metal plate shape and attached to a right 

side of a vessel (a left side when a propeller rotates 

counterclockwise) ahead of the propeller, when the propeller 

20 rotates clockwise, 

wherein an angle of attack of a flow moving to blades of 

the propeller is reduced by generating an asymmetric wake 

further increasing a speed of a flow moving to blade surfaces 

of the propeller at a right upper portion of the propeller that 

25 corresponds to a portion where the cavitation is generated most 
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(at a left right portion when the propeller rotates 

counterclockwise), thereby reducing the cavitation at the right 

upper portion of the propeller (at the left upper portion when 

the propeller rotates counterclockwise) where the cavitation 

5 is generated most to reduce propeller noise and vibration. 

2. The vortex generator of claim 1, further comprising a 

second vortex generating plate formed in a metal plate shape 

the same as the first vortex generating plate and attached to 

10 the left side of the vessel ahead of the propeller (the right 

side when the propeller rotates counterclockwise), opposite to 

the first vortex generating plate, 

wherein the first vortex generating plate and the second 

vortex generating plate are attached at the same position at 

15 different angles on the left and right sides of the vessel, 

whereby an angle of attack of a flow moving to blades of the 

propeller is reduced by generating an asymmetric wake further 

increasing a speed of a flow moving to blade surfaces of the 

propeller at a right upper portion of the propeller that 

20 corresponds to a portion where cavitation is generated most (at 

a left right portion when the propeller rotates 

counterclockwise), thereby reducing the cavitation at the right 

upper portion of the propeller where the cavitation is 

generated most to reduce propeller noise and vibration. 

25 
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3. The vortex generator of claim 2, further comprising a 

third vortex generating plate attached to the right side of the 

vessel (the left side when the propeller rotates 

counterclockwise) at the same height as the first vortex 

5 generating plate, closer to the propeller than the first vortex 

generator, 

wherein the angle of attack of the flow moving toward the 

blades of the propeller is further reduced by further 

increasing the flow speed of the flow moving to the blade 

10 surfaces of the propeller at the upper right portion of the 

propeller (left upper portion when the propeller rotates 

counterclockwise), thereby further reducing the cavitation. 

4. The vortex generator of claim 3, wherein assuming that 

15 a distance (AP~FP) between a bow (FP) to a stern (AP) of the 

vessel is an entire length (LBP) of the vessel, the first vortex 

generating plate and the second vortex generating plate are 

attached at positions corresponding to 12 ~ 18% of the entire 

length (LBP) from the stern (AP). 

20 

5. The vortex generator of claim 4, wherein the third 

vortex generating plate is attached at a position corresponding 

to 8 ~ 15% of the entire length (LBP) from the stern (AP). 
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6. The vortex generator of claim 5, wherein the first 

vortex generating plate to the third vortex generating plate 

are disposed within a range from a bottom of the vessel to an 

axis of the propeller. 

5 

7. The vortex generator of claim 6, wherein the first 

vortex generating plate to the third vortex generating plate 

are formed in a pentagonal shape. 

10 8. The vortex generator of claim 7, wherein the first 

vortex generating plate to the third vortex generating plate 

are positioned at an angle such that an angle of attack between 

the vortex generating plates and a flow moving to the vortex 

generating plate is 5 ~ 15 degrees. 

15 

9. The vortex generator of claim 8, wherein a difference 

of attachment angle between the first and third vortex 

generating plates disposed on the right side of the vessel when 

the propeller rotates clockwise (the left side when the 

20 propeller rotates counterclockwise) and the second vortex 

generating plate disposed on the left side of the vessel (the 

left side when the propeller rotates counterclockwise) is 0 -

10 degrees. 
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10. The vortex generator of claim 9, wherein the 

difference of attachment angle between the first and third 

vortex generating plates disposed on the right side of the 

vessel when the propeller rotates clockwise (the left side when 

5 the propeller rotates counterclockwise) and the second vortex 

generating plate disposed on the left side of the vessel (the 

left side when the propeller rotates counterclockwise) is 1 ~ 

10 degrees. 

10 11. The vortex generator of claim 10, wherein the 

difference of attachment angle between the first and third 

vortex generating plates disposed on the right side of the 

vessel when the propeller rotates clockwise (the left side when 

the propeller rotates counterclockwise) and the second vortex 

15 generating plate disposed on the left side of the vessel (the 

left side when the propeller rotates counterclockwise) is 1 -

5 degrees. 

12. A method of reducing noise and vibration of a 

20 propeller by reducing cavitation using the vortex generator 

that generates an asymmetric wake for reducing noise and 

vibration of a propeller of any one of claims 1 to 11. 

13. A vessel that reduces noise and vibration by reducing 

25 cavitation using the vortex generator that generates an 
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asymmetric wake for reducing noise and vibration of a propeller 

of any one of claims 1 to 11 and is attached to the vessel. 
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