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PROPELLER DESIGN

CLAIM OF PRIORITY TO PRIOR
PROVISIONAL APPLICATION

This application claims priority under 35 U.S.C. 119(e)

from the provisional application filed on Aug. 26, 2015, Ser.
No. 62/210,022.

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Government of the United States of
America for governmental purposes without payment of any
royalties thereon or therefor.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the design of
propeller blades, fan blades, compressor blades, impeller
blades, turbine blades, and the like. More particularly, the
invention provides a new design for propeller type blades 1n
mechanical systems and devices that employs minimizing,
power input to produce thrust or to maximize power output
in the case of turbines as the design approach.

2. Description of the Related Art

Propeller theory, as currently practiced, was finalized in
1920 with the publication of NASA Report No. 116 authored
by Ludwig Prandtl. Prandtl’s student Albert Betz wrote the
final third of Report 116 and devoted the entire section to
propeller theory. Betz formulates the propeller problem and
provides a theoretical basis for propellers through fluids.
Later development to this fundamental framework 1s pro-
vided by another of Prandtl’s students, Theodore Theor-
doresen.

The design approach taken by Prandtl, Betz, and Theo-
doreson assumes a constant lift coetlicient across the pro-
peller blade. This results 1n a uniform downwash every-
where. By carefully selecting the operating design point, a
maximum lift to drag ratio can be achieved across the entire
propeller blade, and this 1s characterized by being referred to
as the “mimmum induced loss” design. This approach
should result in the minimum entropy being left 1n the wake
of the propeller.

Blades designed using this approach result in a smoothly
changing twist from the root to the tip. The physical limi-
tation of materials drives designers to compromise the flow
near the hub of the propeller, with blades that are thick and
less efhicient. Little thrust 1s developed over the iboard
portion of the blade. It 1s the tips that are heavily loaded and
produce most of the thrust. Due to the thrust and downwash
abruptly disappearing at the tip, a large amount of the noise
1s created in the production of thrust.

A special case exists for turbines. Turbines are the oppo-
site problem to a propeller. They are extracting energy from
the tlow, and there 1s an ultimate upper limit for the special
case ol open turbines (e.g. windmills). Betz calculated that
the maximum efliciency of an open turbine was about 59%.
For a given diameter turbine, only 59% of the energy of the
flow could be extracted as energy. As more energy 1s being
removed from the flow, the turbine becomes an obstruction
and the fluid would prefer to flow around the turbine rather
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2

than flow through i1t and produce energy. This limit 1s
imposed by the mimmum induced loss assumption.

All propellers, fan blades, compressor blades, impeller
blades, and 1n the negative case, turbines are designed this
way today.

However, as noted above, the minimum induced loss
design concept was a convenience for calculation ease 1n
solving the problem of propellers and, therefore, inherently
does not result 1n the most eflicient design for systems and
devices employing propeller blades. Therefore, it 1s desired
to provide an improved design for propeller blades used in
systems and devices that improves efliciency.

SUMMARY OF TH.

INVENTION

(L]

The mmvention provided herein sets forth an improved
design for propeller blades for systems and devices that,
rather than focusing on the minimum induced loss as dis-
cussed above, focuses on achieving the required thrust using
a minimum 1nput power.

The implication of using the minimum mput power for a
given thrust in the design of a propeller blade 1s that 1t 1s
possible to change the thrust load across the blade and across
the propeller disc. Changing the load distribution changes
the torque and hence the power, while holding the thrust
constant. Hence, the mvention provided herein focuses on
determining the minimum torque for a given thrust and
holding all other variables 1n the design of a propeller blade
constant. The selected inputs that are held constant include:
propeller diameter, advance ratio, blade area, airfoil profile,
output thrust, and propeller rpm. The independent variable
would be twist distribution across the propeller blade and the
dependent variable would be 1nput power (because rpm 1s
held constant, this 1s 1nput torque).

By using the above general design guidelines, the mven-
tion proposed herein comprises an improved propeller
design that modifies the twist profile across the propeller
blade 1n order to maximize efliciency.

Accordingly, 1t 1s an object of this invention to provide an
improved propeller blade system.

It 1s a further object of this mmvention to provide an
improved propeller blade system that provides required
thrust using minmimum 1nput power.

It 1s yet a further object of this mvention to employ a
changing twist distribution across a propeller blade to
improve efliciency.

This invention meets these and other objectives related to
an 1improved propeller blade system design by modifying a
classic propeller blade design by changing the twist distri-
bution across the propeller blade(s). This 1s accomplished by
progressively increasing the degree of twist of each propel-
ler blade on the mboard portion of the blade compared to a
classic propeller design. At a break point, the twist provided
across the propeller blade from the break point to the tip of
the blade (the outboard portion of the blade) decreases so
that the attack angle at the tip of the propeller blade 1s less
than that of a classic propeller blade design.

This propeller blade design can be used in numerous
systems that employ propeller blades in order to increase the
elliciency of these systems.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily to scale, like or
corresponding parts are denoted by like or corresponding
reference numerals.
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FIG. 1 depicts an embodiment of a propeller blade of the
present mvention.

FI1G. 2 1s a graphical representation of the embodiment of
the invention depicted in FIG. 1.

FIG. 3 1s a graphical representation of another embodi-
ment of the mvention showing the twist distribution com-
parison with a classical propeller blade design wherein the
decrease from the breaking point 1s not linear.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Comparisons are provided herein of the present invention
with “a classic propeller blade design.” For reference, the
classic propeller blade design, as used herein, constitutes a
constant degree of twist across the blade. From a practical
standpoint, this constant degree of twist does not actually
begin directly at the root of the blade (which 1s defined
herein as the portion of the blade that attaches to the
rotatable hub of a propeller blade system), due to the
necessity of manufacturing the blade and attaching 1t to the
hub. As such, the actual degree of twist begins at some point
up to the first twenty percent of the surface area of the blade
(both 1n the classical propeller blade design and the present
invention). So, when twist distribution across the propeller
blade 1s discussed herein, the term 1s meant to mean from the
point the twist begins (at some point from the root to about
20% {from the root of the blade surface). In addition, 1t
should be understood that when discussing the classic pro-
peller design that the invention described herein modifies
that design by progressively increasing the inboard degree of
twist on such a propeller blade and decreasing the outboard
degree of twist. While many current blades have a twist of
approximately 42 degrees across the blade, this 1s dependent
upon the actual use of the blade and when using the term
classic propeller blade herein 1t 1s meant to be dependent
upon the particular use and configuration of the propeller
blade system. Thus, the present invention 1s meant to apply
from the baseline of the constant twist across the blade for
the particular purpose for which said blade 1s used.

One skilled in the art also recognizes that the twist
distribution of a propeller blade directly correlates to the
“angle of attack™ of said blade. Hence, herein when discuss-
ing the angle of attack of the propeller blade, this 1s akin to
discussing the twist of the propeller blade.

The present mvention i1s based on the premise of opti-
mizing the design of a propeller blade by redistribution of
the load mboard to reduce power. However, the design must
also determine how much of the load can be redistributed
inboard while still maintaining thrust.

As such, 1n general, the present invention maximizes the
lift of the blade inboard to the maximum. This 1s accom-
plished by progressively increasing the inboard degree of
twist on the propeller blade at a constant rate that 1s greater
than that of a classic propeller blade. This increased twist
maximizes the lift on that portion of the blade (maximizing
the angle of attack).

The constant, progressively increasing twist 1s maintained
until a specific point, which will herein be referred to as the
breaking point, wherein the amount of twist (or angle of
attack) will decrease all the way to the tip of the propeller
blade. At that point, the amount of twist will be less than that
of a classic propeller blade (hence, the outboard twist or
angle of attack will be signmificantly lower than that of the
inboard portion of the propeller blade).
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The load at the tip can reduce to any value from 70% of
the maximum load to 0% of the maximum load. The thrust
required dictates how much reduction 1s required for a
particular design.

Blades designed using the present invention display a
distinct “break’™ 1n their twist distribution. There 1s a second
curve which the blades follow outboard of the breaking
pomnt. It 1s this second curve, at a steeper angle, that
characterizes the new propeller design.

Referring to FIG. 1, the present invention 1s an improved
propeller system 100 having a rotatable hub 102 and at least
one propeller blade 104 connected to the rotatable hub at a
blade root 106. The blade 104 has a blade tip 108 at the distal
end and a blade length 110 from the blade root to the blade
tip. The propeller blade 104 comprises a constant angle of
attack, resulting from a constant twist distribution from the
pomnt a propeller blade normally begins to twist (usually
from about 10% to about 20% of the blade length 110 from
the blade root 106) to a break point 112. The break point 112
being located at a position from about 50% of the blade
length 110 to about 90% of the blade length 110 from the
blade root 106. More preferably, the break point 112 1s
located at a position from about 60% to about 85% of the
blade length 110 from the blade root and, most preferably,
the break point 112 1s located at about 80% of the length of
the blade 110.

The constant angle of attack or twist comprises from
about one degree to about twelve degrees greater than the
angle of attack of a classic propeller blade. More preferably,
the constant angle of attack or twist of the present invention
comprises from about 1.5 degrees to about 5 degrees greater
than the angle of attack of a classic propeller blade.

However, after the break point 112 to the blade tip 108,
the angle of attack or twist decreases. At the tip 108, the
angle of attack or twist ranges from about 0.5 degrees to
about ten degrees less than that of a classic propeller blade
and, more preferably from about one degree to about 2
degrees less than that of a classic propeller blade.

As noted above, the mvention herein comprises modify-
ing the angle of attack/twist of the propeller blade versus that
ol a classic propeller blade design. Other vaniables remain
constant. The matenials, etc. that the blade 1s made from
would be the same for the particular purpose of the blade.
The general methodology of calculating the proper twist
across the blade and the break point discussed above for
particular embodiments of the invention (based on desired
thrust) 1s described below.

The important criteria that drive the inboard angle change
are two: the material used to create the propeller (e.g.: wood,
or metal), and resulting airfoil. The matenal determines the
strength properties of the particular blade. The material
properties drive the airfoil selection strongly. Airfo1l selec-
tion based solely on aerodynamic criteria would have large
amount of camber (curvature) and this often results 1n sharp
edged trailing edges. This 1s not allowable by the structure
because of the bending created along the blade of the
propeller. So, airfoil designers are forced to create thick
rounded trailing edges or to place the trailing edges close to
the center of the bending plane of the blade. This trade-oil
results 1 difficult choices between structure and aerody-
namic performance.

The second 1ssue 1s the airfoil itself. Even with the
limitations of the matenial, the airfoil selection still offers
some latitude in propeller design. The design criteria on the
inboard section of the blade 1s driven by the maximum it
coellicient. The mboard section of the blade (from the hub
to the break point) 1s designed to achieve the maximum lift
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coellicient possible for the given material and disc loading.
Outboard of the break point, the additional gain 1n thrust 1s
ofIset by the increasing consumption of torque and power.
S0, 1t 1s an 1improvement 1n the thrust created by the power
requ1red ratio that dictates a reduced loading of the blade at
the tip. If the disc loading 1s sufliciently high, 1t will distort
the outer linear taper near the tip to become more nonlinear
to icrease the area under the curve (as depicted 1n FIG. 3,
discussed further below).

As such, one skilled 1n the art will recogmize that for a
slow rotating propeller that 1s used to generate a small
amount of power, the twist diflerence between the classical
propeller and the present invention will be a relatively small
amount and the break point location will be further from the
propeller tip; however, for a fast moving propeller used to
generate a large amount of power, the twist difference will
be relatively large and the break point will be closer to the
t1p.

The following provide numerical examples to illustrate
this general principal:

Example 1: for a slow turning propeller which has very
light loading (for example, the case of a human powered
atrcraft, which 1s very slow, requires very low power, and 1s
propelled by a very large propeller turning very slowly), the
present mvention could be embodied by a small change in
angle inboard (perhaps only 2 degrees) versus a classic
propeller, the tip would only have -0.5 degrees difference
relative to the classical propeller, and the break point might
be at 0.5 of the blade length (50% from the center of the
propeller to the tip).

Example 2: for a fast propeller with a very high loading
(for example, a STOL commuter plane with large, fast
turning props), the imboard angle of attack would be much
larger than a classic propeller design (perhaps 10 degrees
more angle of attack) and the tip might be -2.5 degrees
difference relative to the classical propeller, with a break
point at 0.85 of the blade length.

Referring to FIG. 2, this graph depicts the difference
between the classical propeller 314 and the new propeller
316. As such, the classical propeller 314 1s set to be the
reference (the “zero” line) and the new propeller 316 1s then
displaying the difference in twist between them.

It more clearly shows that diflerential of the twist distri-
bution between the present invention propeller blade 316
and a classic propeller blade 314 1s constant (greater) until

10

15

20

25

30

35

40

6

the break point 312, wherein the present invention propeller
blade 316 decreases linearly to the tip (where the twist 1s less
than that of the classic propeller blade 314 design).

Referring to FIG. 3, this graph shows the same informa-
tion as FIG. 2 for a different embodiment of the present
invention. In this embodiment, the decrease 1n twist after the
break point 412 1s non-linear. This results from a higher disc
loading of the propeller 416. The high disc loading results 1n
an increase in load at the tip necessary to achieve the
required thrust, at a cost of increased torque and power
required. Note that this graph also depicts the difference
between the classical propeller 414 and the new propeller
416. As such, the classical propeller 414 1s, again, set to be
the reference (the “zero” line) and the new propeller 416 1s
then displaying the difference between them.

What 1s described are specific examples of many possible
variations on the same mvention and are not intended 1n a
limiting sense. The claimed invention can be practiced using
other vanations not specifically described above.

What 1s claimed 1s:

1. An improved propeller system, comprising:

a rotatable hub:;

at least one propeller blade connected to the rotatable hub
at a blade root, having a blade tip at a distal end and a
blade length from the blade root to the blade tip,
wherein the blade comprises a constant i1ncreasing
angle of attack from 20% of the blade length from the
blade root to a break point, the break point comprising

a position from 50% of the blade length to 90% of the
blade length from the blade root; and, wherein from the
break point to the blade tip the propeller blade com-
prises a decreasing angle of attack.

2. The improved propeller system of claim 1, wherein the
break point comprises a position from 60% to 85% of the
blade length from the blade root.

3. The improved propeller system of claim 1, wherein the
break point comprises a position of 80% of the blade length
from the blade root.

4. The improved propeller system of claim 1, wherein a
plurality of propeller blades are connected to the rotatable

hub.
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