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A method of enhancing the output efficiency of a propeller
(76) Inventor: ZUEI-LING LIN, TAIPEI CITY and. r.educing the noise thereof wherein a plurglity of small
(TW) cavities are formed onthe whole or at leas.t aportionofa blade
skin of the propeller. When the propeller is rotated and a fluid
passes through the small cavities, a plurality of small vortexes
(21) Appl. No.: 12/912,851 are created at the blade skin to form a thin turbulent boundary
layer that allows an advantageous interference acting on a
(22) Filed: Oct. 27,2010 turbulence of the fluid at the blade skin. In this way, a portion
offluid is notin contact with the blade skin, and a viscous drag
A . . acting on the blade skin is reduced to extend a wake and
Publication Classification reduce a drag force of the wake. The aforementioned mecha-
(51) Int.CL nism can enhance the output efficiency of a propeller and
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METHOD OF ENHANCING THE OUTPUT
EFFICIENCY OF A PROPELLER AND
REDUCING THE NOISE THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to an airscrew or a propeller,
and more particularly to a method of enhancing the output
efficiency of a propeller and reducing the noise thereof.
[0003] 2. Description of the Related Art

[0004] The rotating blades of the propeller have a high
rotational speed. Conventional concepts believe that a
smoother surface of these blades produces less frictional
resistance with a fluid. However, the actual practice is not so.
In FIGS. 1 and 2, if a fluid 40 is passed through Point A of a
flat surface of the blade 51 of the propeller 50 smoothly, the
viscous drag acting on the surface of the blade obscures the
traveling of the fluid 40 to produce a flow field boundary layer
instantly, so as to affect and shift a flowing point of the fluid
40 backward. The resistance produced by shifting the flowing
point of the fluid 40 backward is called a reverse pressure
which is also known as a resistance of the fluid. When the
flowing point of the fluid 40 shifts to Point B, a separation of
the boundary layer occurs, and turbulences are produced at
flow field Points C, D and E, and thus the traveling speed of
the blades will be retarded. Further, when the fluid is passed
through the smooth blades skin 51 of the propeller 50, a wake
42 thereof produces a larger drag force of the wake 42 due to
a shorter distance W1. As a result, a very strong resistance of
the fluid resistance is produced.

[0005] Accordingly, the output efficiency ofthe propelleris
affected. Moreover, the noise is correspondingly increased.
Therefore, a further improvement is required.

[0006] The term “Fluid” used in the following description
of the present invention includes air and water.

[0007] The term “Propeller” used in the following descrip-
tion of the present invention includes: boat/ship propeller,
helicopter propeller, helicopter tail rotor propeller, aircraft
propeller, jet engine propeller, jet engine pressurizer rotor and
jet engine turbine rotor etc. In other words, the assemblies
which can be operated for propulsion as well as the blade,
impeller and the turbine rotor thereof are also included.

SUMMARY OF THE INVENTION

[0008] The primary objective of the present invention is to
provide a method of enhancing the output efficiency of a
propeller and reducing the noise thereof, and the method
forms a plurality of small cavities on an blade skin by a
non-destructive measure, and produces a plurality of small
vortexes at the blade skin to form a thin turbulent boundary
layer when a fluid is passed through the plurality of small
cavities, so as to allow an advantageous interference to tur-
bulences of the fluid at the blade skin, such that a portion of
fluid is not in contact with the blade skin, and a viscous drag
acting on the rotating blade skin is reduced. Accordingly, the
fluid passes through the surface of the blades rapidly, thereby
achieving the effect of enhancing the output efficiency of the
propeller.

[0009] Another objective of the present invention is to use
the aforementioned thin turbulent boundary layer that permits
an advantageous interference acting on the fluid turbulence,
such that the fluid elongates the wake along the blade skin,

May 3, 2012

and the elongated wake can reduce the drag force of the wake
of the rotating blade such that the output efficiency of the
propeller is further enhanced.

[0010] With the small vortexes, the turbulent boundary
layer and the elongated wake, the efficiency of the propelleris
enhanced. Meanwhile, the noise tends to be reduced.

[0011] Since the present invention adopts a non-destructive
measure, the surface of the blade skin will remain unchanged,
and no damage will occur at the blade skin. The invention not
only provides a quick and convenient way for the mounting
work, but also protecting the structure of the blade from
damages or metal fatigues. The invention also provides a
safety use and achieves the effects of a faster traveling speed
and a larger power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accomplishment of this and other objects of the
invention will become apparent from the following descrip-
tions and its accompanying figures of which:

[0013] FIG.1 is a schematic view showing a flow of'a fluid
on a surface of a conventional propeller;

[0014] FIG. 2 is a schematic view of a process of separating
a fluid from a surface of a conventional propeller;

[0015] FIG. 3 is a schematic view of forming small cavities
of the present invention;

[0016] FIG. 4 is a cross-sectional view of forming a turbu-
lent boundary layer of the present invention;

[0017] FIG. 5 is an enlarged view of a portion of FIG. 4;
[0018] FIG. 6is a schematic view of comparing air flows of
a conventional propeller with a propeller of the present inven-
tion;

[0019] FIG. 7 is a schematic view of comparing processes
of separating air of a conventional propeller with a propeller
of the present invention; and

[0020] FIGS. 8A through 8D are applications of the inven-
tion to different propellers in use.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0021] In addition to the application to the boat/ship pro-
peller shown in FIG. 3, the propeller 10 of the present inven-
tion is also applied to the propeller and the tail rotor propeller
of'a helicopter 11 (see FIGS. 8A and 8B); the propeller of a
propeller aircraft 12 and the jet engine propeller of a jet
engine aircraft 13 (see FIGS. 8C and 8D), etc.

[0022] The foregoing propeller 10 produces frictional
resistance between a blade skin of and a fluid (air and water).
Therefore, the present invention utilizes the design on a blade
skin 20 of the propeller 10 for reducing the traveling resis-
tance. A preferred embodiment of the present invention as
shown in FIGS. 3 to 7 is described as follows:

[0023] In this preferred embodiment, a blade skin 20 of a
propeller 10 is disclosed, and a plurality of small cavities 31
is formed on the whole or at least a portion of the blade skin
20, such that when a fluid 40 is passed through the plurality of
small cavities 31, a plurality of small vortexes 33 is produced
at the blade skin 20, and the plurality of small vortexes 33
produces a thin turbulent boundary layer 30 on the blade skin
20 to achieve an advantageous interference to a fluid turbu-
lence at the blade skin 20 and separate the fluid 40 from a
portion of the blade skin 20 to reduce the viscous drag of the
fluid 40 acting onto the blade skin 20, so as to pass the fluid 40
through the blade skin 20 quickly and achieve the effect of
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reducing the traveling resistance. The aforementioned turbu-
lent boundary layer 30 permits an advantageous interference
to the fluid turbulence, such that the fluid 40 pulls a wake 41
along the blade skin 20 to a longer distance W2, and the
elongated wake can reduce the drag force of the wake of the
blade skin 20. Therefore, the present invention combines with
the three foregoing mechanisms (including the small vortexes
33, the turbulent boundary layer 30 and the elongated wake
41) to enhance the output efficiency of the propeller 10 and to
reduce the noise thereof.

[0024] The small cavities 31 of the blade skin 20 of the
present invention can be formed by a non-destructive mea-
sure, such that the structure of a propeller will not be changed
or damaged to assure the safety of the blade, and propellers
exiting the factory can use the present invention easily.

[0025] Inone of the feasible embodiments for forming the
plurality of small cavities 31 on the blade skin 20 by the
non-destructive measure in accordance with the present
invention, methods including coating, printing, or a combi-
nation of the above can be used to attach to a thin layer 21
formed by the blade skin 20, wherein the thin layer has a
thickness of 0.001 mm to several mm. In this preferred
embodiment, the thin layer 21 is a paint disposed on the blade
skin 20 by coating or together with screen printing.

[0026] With reference to FIGS. 4 and 5, a plurality of small
cavities 31 in a predetermined geometric shape such as a strip
shape, a polygonal shape, a circular shape, and an elliptical
shape, or other geometric shapes is formed on a surface of the
thin layer 21, and the small cavities 31 of a preferred embodi-
ment have a concave arc shape with a lower middle. The
concave arc shaped front edge facing towards the fluid 40
includes a circular shape 32 that allows an air flow 40 to be
introduced into the small cavities 31 smoothly to form a
plurality of small vortexes 33 in the cavities 31.

[0027] Moreover, the plurality of small cavities 31 has a
depth of 0.001 mm~10 mm and an area of 0.001 mm*~100
mm?, and a higher density of small cavities 31 provides a
better effect of reducing the resistance. In a preferred embodi-
ment, an interval between two adjacent small cavities is not
greater than the maximum diameter or width of the small
cavities 31, such that the small cavities are distributed densely
and have a depth of 0.001 mm~10 mm and an area of 0.001
m>~100 mm?.

[0028] Therefore, the plurality of small vortexes 33 formed
in the plurality of small cavities 31 respectively is changed
from points to a plane to form a turbulent boundary layer 30
naturally. As to the width of the small cavities 31, the width,
depth and area of the cavities can be designed according to the
operating speed of the blade and the surface area of the blade
to optimize the turbulent boundary layer 30 created thereby.
[0029] Further, in FIG. 5, the plurality of small cavities 31
of the present invention has a depth H not greater than the
thickness T of the thin layer 21. For example, if the thickness
T ofthe thin layer 21 is 2 mm, then the maximum depth H of
the small cavities 31 is from 1.0 mm to less than 2.0 mm, and
preferably 1.5 mm~1.8 mm, but not limited to such arrange-
ments only. As a result, most of the areas at the bottom of the
thin layer 21 are combined with the blade skin 20 to improve
the adhesiveness.

[0030] Inaddition, the thin layer 21 is fixed onto the blade
skin 20 by a paint coating/printing method. If the coating/
printing method is adopted, the small cavities 31 are formed
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by use of a screen at the same time without any problems. The
paint or coating material is resistant to high/low temperature
and corrosion.

[0031] The plurality of small cavities 31 formed on the
blade skin 20 in accordance with the present invention by the
aforementioned thin layer 21 can be formed also by a mold
casting method, by a lathe or by a demolding forming method,
etc. The small cavities 31 can be formed on a surface of the
blade skin 20 only, so that the structure and strength of the
blade will not be destroyed. As a result, the plurality of small
cavities 31 as well as the plurality of small vortexes 33 can be
formed naturally to create a thin turbulent boundary layer 30,
and its characteristics and effects are the same as the afore-
mentioned method, and thus will not be repeated here.
[0032] With the technical characteristics of the present
invention as disclosed above, the present invention has the
following advantages and effects:

[0033] 1. When the fluid 40 is passed through the plurality
of'small cavities 31, the turbulent boundary layer 30 is formed
on the blade skin 20 naturally, so that it is not necessary to
have a turbulator to achieve the effect of interference acting
onthe air current at the surface, and it is a convenient, efficient
and effective method.

[0034] 2.InFIG. 6, the lower figure shows the fluid flow of
a propeller 10 of the present invention and the upper figure
shows the fluid flow of a propeller of the prior art of FIG. 1,
and these figures compare the present invention with the prior
art. The present invention can reduce the viscous drag of the
fluid 40 acting onto the blade skin 20 and elongate the wake
41. In other words, the present invention changed the conven-
tional wake 42 from a shorter distance W1 and extended it
backward to a longer distance W2, so as to achieve the effect
of reducing the drag force of the wake 41 of the blade skin 20.
The invention not only increases the speed, but also reduces
the consumption of energy.

[0035] 3. In FIG. 7, the lower figure shows a separation
process of the fluid from the blade during the use of the
present invention, and the upper figure shows a separation
process of the fluid from the blade during the use of prior art
as shown in FIG. 2, and these figures compare the present
invention with the prior art. In the prior art, when the fluid is
passed through a surface of the blade 51 of the propeller 50
and shifted from Point A to Point B, a separation point occurs
at the boundary layer, and then turbulences are produced at
flow field Points C, D and E after Point B. On the other hand,
when the fluid of the present invention is passed through a
surface of the propeller 10, the fluid is situated at flow field
Point A first, and soon a boundary layer shows up on the blade
skin 20 of the propeller 10 as indicated by flow field Point B.
Since the blade skin 20 of the present invention has a plurality
of'small cavities 31 provided for forming the turbulent bound-
ary layer 30, therefore the fluid flowing to flow field Points C,
D, and E after Point B will not produce a turbulence (as
produced by the fluid of the prior art and shown in the upper
figure of FIG. 7), so as to reduce the resistance (acting on the
blade skin 20) as well as the noise in the area of the blade skin
20 effectively.

[0036] 4. The present invention adopts a non-destructive
measure to form the plurality of small cavities in order to
create the turbulent boundary layer 30, and such arrangement
not only provides a safety use, but also provides a quick,
convenient and cost-effective application.

[0037] Many changes and modifications in the above-de-
scribed embodiments of the invention can, of course, be car-
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ried out without departing from the scope thereof. Accord-
ingly, to promote the progress in science and the useful arts,
the invention is disclosed and is intended to be limited only by
the scope of the appended claims.

What is claimed is:

1. A method of enhancing the output efficiency of a pro-

peller and reducing the noise thereof, comprising the steps of:

a) forming a plurality of small cavities on the whole or at
least a portion of an blade skin by a non-destructive
measure;

b) producing a plurality of small vortexes at the blade skin
to form a thin turbulent boundary layer when a fluid
passes through the plurality of small cavities such that a
viscous drag acting on the blade skin is reduced to
extend a wake and reduce a drag force acting on the
wake; and

¢) producing a plurality of small vortexes by use of the
small cavities by which a thin turbulent boundary layer
is created to partially prevent the fluid from contact with
the blade skin, thereby reducing the noise.

2. The method of enhancing the output efficiency of a

propeller and reducing the noise thereof as recited in claim 1,
wherein the plurality of small cavities is in a predetermined
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shape selected from the collection of a strip shape, a polygo-
nal shape, a circular shape, an elliptical shape and other
geometric shapes, and the small cavities are ina concavely arc
shape having a lower middle.

3. The method of enhancing the output efficiency of a
propeller and reducing the noise thereof as recited in claim 2,
wherein the plurality of small cavities are densely distributed,
and each small cavity has a depth of 0.001 mm~10 mm and an
area of 0.001 mm?~100 mm?>.

4. The method of enhancing the output efficiency of a
propeller and reducing the noise thereof as recited in claim 3,
wherein the plurality of small cavities of the blade skin
attached and fixed onto a thin layer of the blade skin by the
paint coating/printing method, and the plurality of small cavi-
ties formed by the thin layer has a maximum height (H) not
exceeding the thickness (T) of the thin layer.

5. The method of enhancing the output efficiency of a
propeller and reducing the noise thereof as recited in claim 3,
wherein the small cavities are formed directly on the blade
skin by a mold casting method, by a lathe or by a demolding
forming method.



