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Description

BACKGROUND

[0001] The present invention relates to fans, and more
particularly to fan blades with structural, mass, and/or
flow improvement features.
[0002] Fans, such as fans for automotive applications,
take a variety of forms. Axial flow fans are the most com-
mon type for automotive applications. Historic designs
include fans that are manufactured at a given diameter
and then blade tips are trimmed to alter a fan diameter,
and fans that are manufactured with specific flow optimi-
zation at the blade tips and are only offered at a single
diameter (e.g., ring fans).
[0003] In one aspect of the present invention, it is de-
sired to provide an axial flow fan blade that provides fluid
flow improvement, in terms of reduced air recirculation
and turbulence that generates acoustic noise, through
ribs or other structures located along the pressure and/or
suction side of the blade. It is further desired to provide
a modular axial flow fan assembly and associated meth-
od utilizing fan blades to provide fans at different diam-
eters without destroying or damaging fluid flow modulat-
ing structures, such as those at or near blade tips.
[0004] Furthermore, cooling systems for automotive
applications carry an inherent weight penalty. That is,
cooling systems, including fans, must be carried by the
automobile and therefore contribute to the mass of the
vehicle and the fuel consumption required to move the
mass of the vehicle. Moreover, the energy needed to
rotate a fan depends in part upon the mass of the fan
blades. Fan blades with higher mass require more energy
to rotate to perform desired work. Relatively high-mass
fan blades also tend accelerate more slowly and may
operate at lower speeds for a given energy input, rela-
tively to a hypothetical fan with lower-mass blades.
Therefore, fan blades used in automotive applications
should be as lightweight as possible.
[0005] Some methods for reducing the weight of fan
blades can be seen in JPH05340389 (A), JPH05215098
(A) and JP2008184999 (A). JPH05340389 (A) shows an
impeller comprising plural blades disposed at a constant
interval around a hub, where plural groove parts are
formed on a pressure surface side of each blade at a
constant interval. In the impeller, ventilation operation is
generated by fixing a boss part at a center of the hub to
a shaft of a motor for rotating it in a direction of an arrow.
Air flows in from a front edge of the blade to flow out from
a back edge. Since pressure is applied to the inner side
of the groove part at this time, peeling noise of the blade
can be reduced. A solid resin part of the blade is thus be
reduced while maintaining low-noise effect.
JPH05215098 (A) shows an impeller with a plurality of
thick wing type blades provided at equal intervals around
nearly a cylindrical hub. On the pressure surface side of
the blade, a plurality of nearly circular recessed parts
having a determined depth are provided at a determined

density. JP2008184999 (A) shows a hub and a plurality
of thick-walled profile blades which are molded from res-
in. The hub is rotary driven by receiving a rotating force
from outside, and the thick-walled profile blades are
formed by being radially extended in the circumference
of the hub. A plurality of grooves are provided to the profile
blades so that the grooves are positioned along the di-
rection of a flow of air which is generated at the time of
rotation.
[0006] US7331764 shows a fan blade aimed at reduc-
ing weight by using lighter weight materials, and shows
a hub disc about which first and/or second pluralities of
elongated fan blades characterized by a first and second
respective pitch angles may be fastened. Each respec-
tive fan blade further comprises a hub-engaging portion,
a twisted transition portion and an air-engaging portion.
Each fan blade is formed from a composite material hav-
ing a thermoset resin matrix phase and an evenly dis-
persed continuous fiber reinforcement phase.
[0007] DE102005030444 (A1) shows a blade aimed
at reducing air drag and providing a quieter operation for
high speed blowers. An axial blower, e.g. for cooling a
PC, is shown which has at least one surface of the fan
blades, and the surface of the hub, provided with a pattern
of raised profiles or dimples to reduce air drag and pro-
vide a quieter operation.
[0008] US 2010/0266428 shows a propeller fan also
aimed at improving efficiency and noise. The propeller
fan includes a hub and a plurality of blades, which are
radially arranged on the outer circumference of the hub.
A plurality of bent surface-shaped recesses are formed
on the positive pressure surface at a trailing edge of each
blade. The recesses extend in the rotation direction of
the fan and are arranged in a radial direction. Protrusions
are each formed between adjacent pair of the recesses.
The bent surfaces of the recesses and the protrusions
reduces air flow caused by centrifugal force.
[0009] Yet fans must still be structurally sound in order
to withstand expected operating conditions over a rela-
tively long lifespan. Historic designs include fans that are
manufactured of homogeneous blade material (such as
metal or molded polymers), or of a composite material
with a "solid" cross-section (i.e., a uniform thickness).
Fan blades tend to become less stiff as material is re-
moved, such as by making the fan blades uniformly thin-
ner, which may present challenges in terms of structural
integrity and blade lifespan and reliability. It is therefore
desired to provide an axial flow fan blade that has a rel-
atively low mass, while maintaining suitable structural
integrity, durability and reliability.

SUMMARY

[0010] A fan blade according to the present invention
is defined in claim 1 and includes, among other features,
a working region having a leading edge, a trailing edge,
a pressure side, a suction side and a tip, and an array of
depressions on the pressure side. The working region
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has a thickness measured between the pressure side
and the suction side. Each of the depressions in the array
has a depth that locally reduces a thickness of the fan
blade by at least 50%. A method of making axial flow
fans comprising a fan blade according to the present in-
vention is also provided.
[0011] The present summary is provided only by way
of example, and not limitation. Each summarized aspect
can optionally be used independent of any other sum-
marized aspect, or in conjunction with any other summa-
rized aspect. Other aspects of the present invention will
be appreciated in view of the entirety of the present dis-
closure, however, the scope of the present invention is
solely defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a front elevation view of a modular fan.
FIG. 2 is a perspective view of a portion of the mod-
ular fan of FIG. 1.
FIG. 3 is a perspective view of an example of a fan
blade that is not an embodiment of the present in-
vention, shown in isolation from a pressure side.
FIG. 4 is a perspective view of the fan blade of FIG.
3, shown in isolation from a suction side.
FIG. 5 is a plan view of another example that is not
an embodiment of a fan with a fan blade according
to the present invention, shown looking inward from
a tip of the fan blade.
FIG. 6 is a side elevation view of the fan blade of
FIG. 5.
FIG. 7 is a schematic perspective view of the blade
of FIGS. 5 and 6 with a fan shroud.
FIG. 8A is a perspective view of an example that is
not an embodiment of a fan blade according to the
present invention, shown from a pressure side.
FIG. 8B is an enlarged perspective view of the fan
blade of FIG. 8A.
FIG. 9A is a perspective view of an embodiment of
a fan blade according to the present invention,
shown from a pressure side.
FIG. 9B is an enlarged perspective view of the fan
blade of FIG. 9A.
FIG. 10A is a perspective view of another embodi-
ment of a fan blade according to the present inven-
tion, shown from a pressure side.
FIG. 10B is an enlarged perspective view of the fan
blade of FIG. 10A.
FIGS. 11-16 are elevation views of embodiments of
depression arrays for use with further embodiments
of a fan blade according to the present invention.
FIG. 17 is a flow chart of an embodiment of a method
of designing and making fans according to the
present invention.

[0013] While the above-identified figures set forth em-

bodiments of the present invention, other embodiments
are also contemplated, as noted in the discussion. In all
cases, this disclosure presents the invention by way of
representation and not limitation. It should be understood
that numerous other modifications and embodiments can
be devised by those skilled in the art, which fall within
the scope of the invention as set out by the claims. The
figures may not be drawn to scale, and applications and
embodiments of the present invention may include fea-
tures, steps and/or components not specifically shown
in the drawings.

DETAILED DESCRIPTION

[0014] The fan blade, fan assembly and method of the
present invention combines the benefits of an improved
or optimized blade design with the flexibility of producing
multiple axial flow fan configurations with a single blade
design and fabrication tooling. A fan center hub can be
specifically designed with flat material stock to allow a
wide variety of shapes and sizes of fan centers to be
produced quickly and at reasonably low manufacturing
cost. A final fan assembly can retain the design benefits
of individual fan blades, such as improved airflow and/or
low mass construction, while also providing modular flex-
ibility to have multiple diameter and blade count combi-
nations that use the same blade configuration in different
fan assemblies. Executing fan blade enhancements with
a flexible fan hub design allows a fan manufacturer to
produce multiple fan assembly configurations with re-
duced tooling and design cost across a full range of fan
assembly configurations.
[0015] With respect to improvements of individual fan
blades, features on the pressure side and/or suction side
can help provide a relatively low mass fan blade with
sufficient structural integrity and reliability and optionally
reduces air recirculation and turbulence that generates
acoustic noise and consumes additional fan power with-
out additional airflow (i.e., desired axial airflow). Provid-
ing these benefits helps provide beneficial cooling airflow
at a lower operating cost to the end user. The fan assem-
bly and associated method of the present invention has
utility in the automotive industry, as well as in other ve-
hicular and industrial applications, and the like.
[0016] A fan assembly according to the present inven-
tion can generally include a plurality of blades with flow
improving and/or mass-reducing features that are joined
to a hub that that is specifically fabricated to create a
desired fan outside diameter. The overall fan diameter
can be adjusted by attaching given fan blades to a hub
a different size. The flow features of the blades can help
reduce undesirable effects such as noise and power con-
sumption and improve the overall performance of the fan
in the final application. Using the flexible design of the
fan hub component to alter the fan diameter (and/or blade
solidity) maintains the full design of the tip features while
allowing a single manufactured version of the blade to
serve numerous customer applications with varying di-
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ameters. These and other benefits and advantages of
the present invention will be recognized in view of the
entirety of the present disclosure.
[0017] FIG. 1 is a front elevation view of an embodi-
ment of a modular axial flow fan 30, and FIG. 2 is a per-
spective view of a portion of the modular fan 30. The
illustrated embodiment of the modular fan 30 includes a
center hub 32 and removable blades 34 attached to the
hub 32. The modular fan 30 can be utilized with a sepa-
rate stationary fan shroud (see FIG. 7), or without any
shroud.
[0018] The center hub 32 can be configured as multiple
(e.g., two) generally planar, circular plates, each having
an array or arrays of holes therein for fasteners. The fan
blades 34, which can be discrete, individual blades, can
be attached to the center hub 32 with suitable fasteners
(e.g., bolts, rivets, etc.) to create the modular fan 30.
[0019] The blades 34 can each have identical or sub-
stantially identical configurations. In the illustrated em-
bodiment, the fan blades 34 are located in between two
plates that form the center hub 32, with fasteners (e.g.,
bolts) passing through both hub plates 32 and the blades
34 to secure the assembly together (in FIG. 2 the fasten-
ers are not shown to reveal the holes in the hub 32). The
blades 34 can easily be removed from the center hub 32,
if desired, simply by removing the fasteners. Damaged
fans 30 can therefore be repaired by removing the dam-
aged blade(s) 34 and attaching new blade(s) 34.
[0020] The same blades 34 can be connected to a va-
riety of differently configured center hubs 32 to provide
a variety of configurations of the modular fan 30, such
as to have an axial fan assembly with varying blade count,
blade solidity and/or outer diameter. For instance, center
hubs 32 having different diameters can be made, and
the fan blades 34 attached to the hub 32 with a desired
diameter to provide a suitable overall diameter of the
modular fan 30 without the need to trim the blades 34 or
redesign the blades 34. Moreover, in addition or in the
alternative, a given center hub 32 can have multiple ar-
rays of holes, such that the fan blades 34 can be attached
in different positions, allowing for different fan solidities
to be achieved (by increasing or decreasing the number
of the attached blades 34) and/or small adjustments to
diameter using a given hub 32. However, more significant
changes to fan diameter can be most easily accom-
plished by substituting a differently sized center hub 32.
Because the center hub 32 has a relatively simply plate-
like configuration, and because the center hub 32 itself
does not require aerodynamic analysis for redesign, the
modular fan 30 allows for modularity with a much less
design and testing effort than if new blades 34 were de-
signed for each overall fan configuration, while avoiding
the destruction of fan features (such a flow improvement
features discussed below) that would otherwise be
caused by cutting down blade tips to reduce blade radial
dimensions from a default maximum value (as in the prior
art). Details of embodiments of fan blades 34 are de-
scribed with respect to FIGS. 3-16.

[0021] FIG. 3 is a perspective view of an example of a
blade 134, shown in isolation from a pressure side 136.
The blade 134 has a leading edge 138, an opposite trail-
ing edge 140, a tip 142 and an attachment portion 144
(also called a root or heel). A working region (or airfoil
portion) 148 of the blade 134 extends between the lead-
ing and trailing edges 138 and 140, and encompasses
the pressure side 136 and an opposite suction side (not
visible in FIG. 3). A transition zone 146 is provided be-
tween the attachment portion 144 and the working region
148. The fan blade 134 is suitable for use with the fan 30
described above. In alternative embodiments, the fan
blade 134 can be used with a different type of fan, such
as a non-modular, one-piece molded fan. These example
applications are provided merely by way of example and
not limitation. Persons of ordinary skill in the art will ap-
preciate that the fan blade 134 can be utilized in a variety
of applications, with suitable adaptations and optional
features tailored to those applications.
[0022] The attachment portion 144 can be substantial-
ly flat or planar, and can include a suitable array of a
plurality of holes 144-1 to accommodate fasteners for
attachment to the hub 32. It should be noted that the
configuration of the attachment portion 144 in FIG. 3 is
shown merely by way of example. In alternate examples
other configurations of the attachment portion 144 can
be used, such as knobs, dovetails, and the like.
[0023] The transition zone 146 can be a relatively high-
ly twisted region outside the working region 148 that helps
to position the working region 148 in a desired orientation
relative to the attachment portion 144. The transition
zone 146 is generally not aerodynamically designed and
is not intended to provide useful work to move or pres-
surize fluid during operation of the fan 30.
[0024] The working region 148 extends from the tran-
sition zone 146 to the tip 142. Particular characteristics
of the blade 134, such as chord length, radial (i.e., span-
wise) dimensions, thickness, twist, camber, sweep, lean,
bow, dihedral, etc. can be provided as desired for partic-
ular applications. For example, the blade 134 can have
a configuration like that disclosed in commonly-assigned
PCT Patent App. Pub. No. WO2015/171446.
[0025] One or more flow modification features 150-1
to 150-4 are provided on the pressure side 136 in the
illustrated example of FIG. 3. The flow modification fea-
tures 150-1 to 150-4 can each be configured as flow guide
vanes, ribs or other suitable structures. In the illustrated
example, the flow modification features 150-1 to 150-4
are each integrally and monolithically formed with a re-
mainder of the working region 148 of the blade 134, but
can be separate structures attached to the pressure side
136 in alternate examples. Any of all of the flow modifi-
cation features 150-1 to 150-4 can have a wedge-like
shape, with a narrow or pointed end 152 (e.g., apex) lo-
cated generally upstream or closer to the leading edge
138 and a wider end 154 located generally downstream
or closer to the trailing edge 140. Each flow modification
feature 150-1 to 150-4 can also have a curved shape,
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with the pointed end 152 located radially inward from the
wider end 154, such that fluid flow passing along the giv-
en flow modification feature 150-1 to 150-4 is turned,
relative to the radial direction, when passing between the
narrow end 152 and the wider end 154. For instance, the
curve of a given flow modification feature 150-1 to 150-4
can redirect fluid flow from a substantially chordwise di-
rection to a substantially radial direction (i.e., a 90°
change in flow direction). In the chordwise direction, the
flow modification features 150-1 to 150-4 can have
lengths that are less than a chord length of the blade 134
at the corresponding radial (spanwise) location, that is,
the flow modification features 150-1 to 150-4 can each
occupy less than the entire chord length of the blade 134.
The flow modification features 150-1 to 150-3 can be
located proximate the tip 142, such as within a radially
outer half of the working region 148, or preferably within
the radially outer 40% of the working region 148. The
flow modification features 150-1 to 150-3 located proxi-
mate the tip 142 can partially overlap one another in the
chordwise direction, and the more downstream of the tip
features 150-2 and 150-2 can extend to or very near to
the trailing edge 140. The flow modification features
150-1 to 150-3 can each have different lengths in the
chordwise direction. For instance, the flow modification
feature 150-2 can be longer than the flow modification
feature 150-1, and the flow modification feature 150-1
can be longer than the flow modification feature 150-3.
The particular angles, widths, curvatures, thicknesses,
and other characteristics of the flow modification features
150-1 to 150-4 can vary for each such feature, although
some or all of those characteristics (e.g., thickness) can
be the same for multiple flow modification features 150-1
to 150-4.
[0026] In one example shown in FIG. 3, the flow mod-
ification feature 150-1 has the pointed end 152 located
at approximately 11% of the chord length from the leading
edge 138 and approximately 30% of the radial (spanwise)
length of the working region 148 from the tip 142, and
has a midpoint of the wider end 154 located approximate-
ly 64% of the chord length from the leading edge 138 and
at (i.e., aligned with) the tip 142 in the radial (spanwise)
direction. The wide end 154 of the flow modification fea-
ture 150-1 can have a width approximately 10% of the
chord length at the tip 142, while the pointed end 152
can form an apex, which can have an eased curvature.
A thickness of the flow modification feature 150-1 (i.e.,
the amount of protrusion of the flow modification feature
150-1 from the pressure side 136 in a direction of the
thickness of the blade 134) can be approximately 2-3 mm
(0.08 to 0.12 inch), or approximately 100% of a corre-
sponding thickness of the blade 134 at the tip 142. The
thickness of the flow modification feature 150-1 can be
constant, from the pointed end 152 to the wider end 154,
though in alternate examples the thickness of the flow
modification feature 150-1 can vary monotonically or
non-monotonically between the pointed end 152 and the
wider end 154. The flow modification feature 150-2 has

the pointed end 152 located at approximately 45% of the
chord length from the leading edge 138 and at approxi-
mately 34% of the radial (spanwise) length of the working
region 148 from the tip 142, and has an aft edge of the
wider end 154 located at (i.e., aligned with) the trailing
edge 140 (or with a midpoint of the wider end 154 at
approximately 91% of the chord length from the leading
edge 138) and the wider end 154 at (i.e., aligned with)
the tip 142 in the radial (spanwise) direction. The wide
end 154 of the flow modification feature 150-2 can have
a width approximately 15% of the chord length at the tip
142, while the pointed end 152 can form an apex, which
can have an eased curvature. A thickness of the flow
modification feature 150-2 can be approximately 2-3 mm
(0.08 to 0.12 inch), or approximately 100% of a corre-
sponding thickness of the blade 134 at the tip 142. Like
the flow modification feature 150-1, the thickness of the
flow modification feature 150-2 can be constant or can
vary. Furthermore, the thickness of the flow modification
feature 150-2 can be the same as that of the flow modi-
fication feature 150-1, or can be different than the flow
modification feature 150-1. The flow modification feature
150-3 has the pointed end 152 located at approximately
76% of the chord length from the leading edge 138 and
at approximately 33% of the radial (spanwise) length of
the working region 148 from the tip 142, and has the
wider end 154 located at (i.e., aligned with) the trailing
edge 140 and with a midpoint of the wider end 154 at
approximately 28% of the radial (spanwise) length of the
working region 148 from the tip 142. A curvature of the
flow modification feature 150-3 can be less than that of
the flow modification features 150-1 and 150-2. The wide
end 154 of the flow modification feature 150-3 can have
a width approximately 9% of the radial (spanwise) length
of the working region 148 of the blade 134, while the
pointed end 152 can form an apex, which can have an
eased curvature. A thickness of the flow modification fea-
ture 150-3 can be approximately 2-3 mm (0.08 to 0.12
inch), or approximately 100% of a corresponding thick-
ness of the blade 134 at the wider end 154 of the flow
modification feature 150-3. Like the flow modification fea-
tures 150-1 and 150-2, the thickness of the flow modifi-
cation feature 150-3 can be constant or can vary. Fur-
thermore, the thickness of the flow modification feature
150-3 can be the same as that of the flow modification
feature 150-1 and/or 150-2, or can be different than the
flow modification features 150-1 and/or 150-2.
[0027] The flow modification features 150-1, 150-2 and
150-3 can be grouped relatively close together proximate
the tip 142, with flow channels 156 defined between ad-
jacent features 150-1 to 150-3. In one example that is
not an embodiment of the invention, the pointed ends
152 of the flow modification features 150-2 and 150-3
are approximately radially aligned (i.e., at approximately
the same radial or spanwise location) while the pointed
end 152 of the flow modification feature 150-1 is located
radially outward from the pointed ends 152 of the flow
modification features 150-2 and 150-3. In another aspect,
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the pointed end of the flow modification feature 150-1 is
located radially outward from a projected line connecting
the pointed ends 152 of the flow modification features
150-2 and 150-3. All of the flow modification features
150-1 to 150-3 can be spaced from the leading edge 138.
The flow channels 156 defined between the flow modifi-
cation features 150-1 to 150-3 are generally curved to-
ward the tip 142, and can extend to the tip 142, to help
guide fluid flow from a generally mid-chord and mid-span
location along the pressure side 136 aft and toward the
tip 142 (as used herein, mid-chord and mid-span do not
refer to the exact midpoints). Some or all of the flow chan-
nels 156 can also widen in the downstream direction.
Some or all of the flow channels 156 can help guide fluid
flow along the pressure side 136 beyond a location of a
fan shroud (not shown) at location L, when the fan 30 is
utilized in conjunction with a separate fan shroud. A di-
rection of fluid flow along the pressure side 136 can be
unconstrained upstream of any or all of the channels 156.
[0028] As further shown in the example that is not an
embodiment of the invention of FIG. 3, the flow modifi-
cation feature 150-4 can be located proximate the tran-
sition zone 146 and the attachment portion 144, and can
be spaced from the flow modification features 150-1 to
150-3 located proximate the tip 142. In this way a middle
portion of the working region 148 can be free of flow mod-
ification features, allowing substantially unmodified fluid
flow along the pressure side 136 in that middle portion.
The flow modification feature 150-4 has the pointed end
152 located at approximately 11% of the chord length
from the leading edge 138 and at approximately 96% of
the radial (spanwise) length from the tip 142, and has the
wider end 154 located at (i.e., aligned with) the trailing
edge 140 and with a midpoint of the wider end 154 ap-
proximately 69% of the radial (spanwise) length from the
tip 142.. A thickness of the flow modification feature 150-4
can be approximately 2-3 mm (0.08 to 0.12 inch), or ap-
proximately 80-100% of a corresponding thickness of the
working region 148 of the blade 134. Like the flow mod-
ification features 150-1 to 150-3, the thickness of the flow
modification feature 150-4 can be constant or can vary.
Furthermore, the thickness of the flow modification fea-
ture 150-4 can be the same as that of any of the flow
modification features 150-1 to 150-3, or can be different
than the flow modification features 150-1 to 150-3.
[0029] It should be noted that the example that is not
an embodiment of the invention shown in FIG. 3 is pro-
vided merely by way of example and not limitation. Other
configurations are contemplated with fewer or greater
numbers of pressure side flow modification features, dif-
ferent layouts and dimensions, etc. Moreover, the par-
ticular dimensions shown in the example of FIG. 3 and
described above are provided merely by way of example
and not limitation, and in further examples other dimen-
sions and proportions are possible. For example, in a
further example an additional flow modification feature
can be provided proximate the transition zone 146, lo-
cated generally radially inward and aft of the flow modi-

fication feature 150-4 shown in FIG. 3.
[0030] In operation, at least the flow modification fea-
tures 150-1 to 150-3 direct air passing along the pressure
side 136 in generally the chordwise direction (between
the leading and trailing edges 138 and 140) into a more
radially (spanwise) outward direction, including at least
some of the flow modification features directing fluid into
a purely radial direction off of the tip 142. Discharging
fluid off the tips 142 of the blades 134 on the pressure
side 136 in this manner creates a shorter airflow path on
the pressure side than on the suction side and thereby
enhances a pressure differential of the blade 134 for bet-
ter performance at higher system restriction of fan oper-
ation. The flow modification features 150-1 to 150-4 can
also help prevent the formation of large eddies that oth-
erwise tend to propagate off the blade 134, thereby help-
ing to decrease noise and power consumption of the fan
30 during operation.
[0031] Flow modification features (of the pressure
and/or suction sides) can also help direct discharge flow
from the fan 30 in a beneficial orientation to travel through
heat exchanger core fins when the fan 30 is used to blow
fluid through a cooling package (e.g., blower fan appli-
cations used with an automotive radiator).
[0032] The relatively compact size and selective place-
ment of the flow modification features 150-1 to 150-3 can
also help minimize a mass penalty to the fan blade 134.
[0033] FIG. 4 is a perspective view of the fan blade of
FIG. 3, shown in isolation from a suction side 160, which
includes one or more flow modification features 162-1 to
162-3. The flow modification features 162-1 to 162-3, like
the flow modification features 150-1 to 150-4, can each
be configured as flow guide vanes, ribs or other suitable
structures. In the illustrated example, the flow modifica-
tion features 162-1 to 162-3 are each integrally and mon-
olithically formed with a remainder of the working region
148 of the blade 134, but can be separate structures at-
tached to the pressure side 136 in alternate examples.
Any of all of the flow modification features 162-1 to 162-3
can have a wedge-like shape, with a narrow or pointed
end 152 (e.g., apex) located generally upstream or closer
to the leading edge 138 and a wider end 154 located
generally downstream or closer to the trailing edge 140.
Each flow modification feature 162-1 to 162-3 can also
have a curved shape, such that fluid flow passing along
the given flow modification feature 162-1 to 162-3 is
turned, relative to the radial direction, when passing be-
tween the narrow end 152 and the wider end 154, such
as to redirect fluid flow from a substantially chordwise
direction to a more radial direction (e.g., a 30° or more
change in flow direction, and preferably a 70° or more
change in flow direction). In the chordwise direction, the
flow modification features 162-1 to 162-3 can have
lengths that are less than a chord length of the blade 134
at the corresponding radial (spanwise) location, that is,
the flow modification features 162-1 to 162-3 can each
occupy less than the entire chord length of the blade 134.
The flow modification features 162-1 to 162-3 can par-
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tially overlap one another in the chordwise direction, and
can extend to or very near to the trailing edge 140. The
particular angles, widths, curvatures, thicknesses, and
other characteristics of the flow modification features
162-1 to 162-3 can vary for each such feature, although
some or all of those characteristics (e.g., thickness) can
be the same for multiple flow modification features 162-1
to 162-3.
[0034] The flow modification features 162-1 to 162-3
on the suction side can redirect fluid passing generally
in the chordwise direction along the suction side 160 in
a more radially (spanwise) inward direction, toward the
attachment portion 144 and the transition zone 146 (and
the central hub 32). In other words, the flow modification
features 162-1 to 162-3 can help redirect fluid flow in a
radial direction opposite that of the flow modification fea-
tures 150-1 to 150-4 on the pressure side 136. Moving
fluid inward along the suction side 160 can increase the
total distance fluid travels across the blade 134 on the
suction side 160, thereby helping create a higher pres-
sure differential from the pressure side 136 to the suction
side 160 of the blade 134.
[0035] In the example shown in FIG. 4, there are a total
of three suction side flow modification features 162-1 to
162-3, all of which are wedge shaped and located prox-
imate the tip 142. As shown in the example of FIG. 4, the
flow modification feature 162-1 has the pointed end 152
located at approximately 29% of the chord length from
the leading edge 138 and approximately 7% of the radial
(spanwise) length of the working region 148 from the tip
142, and has a midpoint of the wider end 154 located
approximately 12% of the radial (spanwise) length from
tip 142. The wide end 154 of the flow modification feature
162-1 can have a width approximately 11% of the radial
(spanwise) length of the working region 148, while the
pointed end 152 can form an apex, which can have an
eased curvature. A curvature of the flow modification fea-
ture 162-1 can be less than that of the flow modification
features 162-1 and 162-2. Moreover, an upper edge of
the flow modification feature 162-1 can be roughly equal-
ly spaced from the tip 142 while an opposite inner edge
can be positioned more radially inward toward the trailing
edge 140. A thickness of the flow modification feature
162-1 (i.e., the amount of protrusion of the flow modifi-
cation feature 162-1 from the suction side 160 in a direc-
tion of the thickness of the blade 134) can be approxi-
mately 2-3 mm (0.08 to 0.12 inch), or approximately
120% of a corresponding thickness of the blade 134 at
the trailing edge 140 near the tip 142. The thickness of
the flow modification feature 162-1 can be constant, from
the pointed end 152 to the wider end 154, though in al-
ternate examples the thickness of the flow modification
feature 162-1 can vary monotonically or non-monotoni-
cally between the pointed end 152 and the wider end
154. The flow modification feature 162-2 has the pointed
end 152 located at approximately 45% of the chord length
from the leading edge 138 and at approximately 20% of
the radial (spanwise) length of the working region 148

from the tip 142, and has the wider end 154 located at
(i.e., aligned with) the trailing edge 140 and a midpoint
of the wider end 154 at approximately 26% of the radial
(spanwise) length from the tip 142. The wide end 154 of
the flow modification feature 162-2 can have a width ap-
proximately 9% of the radial (spanwise) length of the
blade 134, while the pointed end 152 can form an apex,
which can have an eased curvature. A thickness of the
flow modification feature 162-2 can be approximately 2-3
mm (0.08 to 0.12 inch), or approximately 120% of a cor-
responding thickness of the blade 134 at the wider end
154 of the flow modification feature 162-2. Like the flow
modification feature 162-1, the thickness of the flow mod-
ification feature 162-2 can be constant or can vary. Fur-
thermore, the thickness of the flow modification feature
162-2 can be the same as that of the flow modification
feature 162-1, or can be different than the flow modifica-
tion feature 162-1. The flow modification feature 162-3
has the pointed end 152 located at approximately 57%
of the chord length from the leading edge 138 and at
approximately 31% of the radial (spanwise) length of the
working region 148 from the tip 142, and has the wider
end 154 located at (i.e., aligned with) the trailing edge
140 and with a midpoint of the wider end 154 at approx-
imately 57% of the radial (spanwise) length from the tip
142. The wide end 154 of the flow modification feature
162-3 can have a width approximately 13% of the radial
(spanwise) length of the blade 134, while the pointed end
152 can form an apex, which can have an eased curva-
ture. A thickness of the flow modification feature 162-3
can be approximately 2-3 mm (0.08 to 0.12 inch), or ap-
proximately 120% of a corresponding thickness of the
blade 134 at the wider end 154 of the flow modification
feature 162-3. Like the flow modification features 162-1
and 162-2, the thickness of the flow modification feature
162-3 can be constant or can vary. Furthermore, the
thickness of the flow modification feature 162-3 can be
the same as that of the flow modification feature 162-1
and/or 162-2, or can be different than the flow modifica-
tion features 162-1 and/or 162-2.
[0036] The flow modification features 162-1, 162-2 and
162-3 can be grouped relatively close together proximate
the tip 142, with flow channels 166 defined between ad-
jacent features 162-1 to 162-3. All of the flow modification
features 162-1 to 162-3 can spaced from the leading
edge 138. The flow channels 166 between the flow mod-
ification features 162-1 to 162-3 are generally curved to-
ward the transition zone 146 and attachment portion 144
(and the central hub 32 of the fan 30), to help guide fluid
flow along the suction side 160 aft and away from the tip
142. Some or all of the flow channels 166 can also widen
in the downstream direction. The flow channels 166 can
help guide fluid flow along the suction side 136 beyond
a location of a fan shroud (not shown) at the location L,
when the fan 30 is utilized in conjunction with a separate
fan shroud.
[0037] The wider ends 154 of the suction side features
162-1 to 162-3 are each located along the trailing edge
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140 of the blade 134. A curvature and associated dis-
charge angle of the flow modification features 162-1 to
162-3 is flatter for the outermost feature 162-1 and great-
er (i.e., more radially inward) for the innermost feature
162-3. The pointed ends 152 of the suction side features
162-1 to 162-3 can be closely positioned to each other.
The configuration illustrated in FIG. 4 is shown merely
by way of example and neither limitation nor to illustrate
embodiments of the present invention. Other configura-
tions are possible with fewer or greater numbers of suc-
tion side features, different layouts, dimensions, propor-
tions, etc. Moreover, the particular dimensions designat-
ed shown in FIG. 4 and described above are provided
merely by way of example and not limitation, and in fur-
ther examples other dimensions and proportions are pos-
sible.
[0038] Flow modification features 150-1 to 150-4 and
162-1 to 162-3 can be combined to help optimize the
pressure performance, noise, efficiency, and/or direc-
tionality of the discharge of fluid. That is, pressure and
suction side features 150-1 to 150-4 and 162-1 to 162-3
can be used together on a given blade 134. When used
together, the flow modification features 150-1 to 150-4
and 162-1 to 162-3 on the pressure and suction sides
136 and 160 can urge fluid flow in generally opposite
radial directions, such as more outward on the pressure
side 136 and more inward on the suction side 160. Alter-
natively, only pressure or suction side features 150-1 to
150-4 or 162-1 to 162-3 can be used in alternative ex-
amples, with nearly any overall design of the blade 134.
[0039] FIG. 5 is a plan view of another example that is
not an embodiment of the invention of a fan 230 having
a fan blade 234, FIG. 6 is a side elevation view of the fan
blade 234, and FIG. 7 is a schematic perspective view
of the blade 234 with a fan shroud 235. The blade 234
can function generally similar to the blades 34 and 134
described above, with additional (or alternative) flow
modification aspects described further below. The fan
blade 234 includes a pressure side 236, a leading edge
238, a trailing edge 240, a tip 242, and attachment portion
244, a transition zone 246, a working region 248, and a
suction side 260. Further, the fan blade 234 of the illus-
trated example includes flow modification features 270-1
and 270-2. In alternative examples, only one or the other
of the flow modification features 270-1 and 270-2 can be
used and the other omitted. The fan blade 234 is suitable
for use with the fan 30 described above. In alternative
examples, the fan blade 234 can be used with a different
type of fan, such as a non-modular, one-piece molded
fan. These example applications are provided merely by
way of example and not limitation. Persons of ordinary
skill in the art will appreciate that the fan blade 234 can
be utilized in a variety of applications, with suitable ad-
aptations and optional features tailored to those applica-
tions.
[0040] As shown in the examples that are not embod-
iments of the invention of FIGS. 5-7, the flow modification
features 270-1 and 270-2 are both located at or aligned

with the tip 242, and thereby act as partial shrouds, win-
glets or "tip ribs". In the illustrated example, the flow mod-
ification feature 270-1 is located at a forward portion of
the pressure side 236 and the flow modification feature
270-2 is located at an aft portion of the suction side 260,
and both features 270-1 and 270-2 extend generally per-
pendicular to the corresponding pressure or suction side
236 or 260 of the blade 234 (i.e., at absolute values of
dihedral angles of approximately |90°| relative to adjacent
areas of the blade 234). An entire length of each of the
flow modification features 270-1 and 270-2 (in the chord-
wise direction) can be aligned with the tip 242. The flow
modification features 270-1 and 270-2 each have a
chordwise length less than a chord length of the blade
234 at the tip 242, such as less than two-thirds of the
chord length at the tip 242. The flow modification features
270-1 and 270-2 can be arranged so as not to overlap
each other in the chordwise direction, meaning that the
flow modification features 270-1 and 270-2 can occupy
chordwise regions that are contiguous (but not overlap-
ping) or spaced from each other. The flow modification
features 270-2 can have a shorter chordwise length than
the flow modification feature 270-1. For example, in the
illustrated example the flow modification feature 270-1
has a length of approximately 57% of the chord of the
blade 234 at the tip 242 and the flow modification feature
270-2 has a length of approximately 41% of the chord of
the blade 234 at the tip 242. Furthermore, as best seen
in FIG. 5, a small chordwise gap can be provided between
an aft edge 270A of the flow modification features 270-1
and a forward edge 270F of the flow modification features
270-2.
[0041] The flow modification features 270-1 and 270-2
can be configured (e.g., in terms of shape and location)
in relation to a location L of the shroud 235, which defines
a split point between forward and aft sides of the shroud
235. As shown in FIGS. 5 and 6, the location L can be
visualized as a plane (normal to an axis of rotation of the
fan 30) that is aligned with a pressure side face of the
attachment portion 244 of the blade 234, although other
arrangements are possible in further examples. In the
illustrated example, the flow modification feature 270-1
is located no further aft that the plane of the location L.
As shown in FIG. 7, the flow modification feature 270-1
is located forward of the shroud 235. A chamfer 270C is
located at or adjacent to the aft edge 270A of the flow
modification feature 270-1. The chamfer 270C can be
arranged substantially parallel to the plane of the location
L (and can be arranged substantially normal to the axis
of rotation of the fan 30), such that the flow modification
feature 270-1 does not extend aft of the location L. The
gap between the flow modification features 270-1 and
270-2 can be positioned at or near the location L. A ma-
jority (e.g., approximately 89%) of the flow modification
feature 270-2 is located aft of the location L, though a
portion of the flow modification feature 270-2 extends
forward of the location L. In other examples the flow mod-
ification feature 270-2 can be located entirely aft of the
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location L.
[0042] The flow modification features 270-1 and 270-2
can each have a rectangular cross-sectional shape and
can each follow a chordwise curvature of the tip 242, but
can otherwise have a general appearance of being "flat"
or shelf-like formations. Aside from the chamfer 270C,
each of the flow modification features 270-1 and 270-2
can have eased or rounded edges at or near the forward
and/or aft edges 270F and 270A. In one example, each
flow modification feature can have a dimension protrud-
ing from the respective pressure or suction side 236 or
260 in a direction of the thickness of the blade 234 that
is approximately 300% of a thickness of the blade 234
at the tip 242.
[0043] With prior art axial fans and shroud assemblies,
there is significant recirculation of fluid that does not ef-
ficiently pass past the associated fan shroud in the axial
direction. However, the flow modification features 270-1
and 270-2 help guide fluid flow moved by the fan blade
234 axially past the fan shroud 235, thereby helping to
reduce recirculation and helping to promote efficient op-
eration. More particularly, the flow modification feature
270-1 acts like a partial shroud to limit fluid flow with a
radially outward component moving off the tip 242 at a
forward side of the shroud 235 (and forward of the loca-
tion L), to help ensure that nearly all fluid moved by the
blade 234 is moved axially past the shroud 235 (and the
location L). Furthermore, the flow modification feature
270-2 can help limit eddies and other undesired flow re-
circulation aft of the shroud 235 (and the location L).
[0044] The flow modification features 270-1 and/or
270-2 can be combined with the flow modification fea-
tures 150-1 to 150-4 and/or 160-1 to 160-3, or can be
used separately and independently. It should further be
noted that the particular configurations of the flow mod-
ification features 270-1 and 270-2 shown in the figures
and described above are taught merely by way of exam-
ples that are not embodiments of the present invention
and not limitation. Other configurations are possible in
further examples, such as to have different sizes, differ-
ent cross-sectional shapes, with added fillets for struc-
tural support, etc.
[0045] FIGS. 8A and 8B illustrate another example that
is not an embodiment of the invention of a fan blade 334.
FIG. 8A is a perspective view of the fan blade 334, shown
from a pressure side 336, and FIG. 8B is an enlarged
perspective view of the fan blade 336. The blade 334 can
function generally similar to the blades 34, 134 and 234
described above, with additional (or alternative) mass-
reduction features described further below. The fan blade
334 includes a pressure side 336, a leading edge 338, a
trailing edge 340, a tip 342, attachment portion 344, a
transition zone 346, a working region 348, and a suction
side (not visible). Further, the fan blade 334 of the illus-
trated example includes an array 380 of depressions 382
that locally reduce a nominal thickness of the fan blade
334. The fan blade 334 is suitable for use with the fan 30
described above. In alternative examples, the fan blade

334 can be used with a different type of fan, such as a
non-modular, one-piece molded fan. An outer ring or
shroud connecting blades of the fan assembly can op-
tionally be provided in some examples. These example
applications are provided merely by way of examples that
are not embodiments of the present invention and not
limitation. Persons of ordinary skill in the art will appre-
ciate that the fan blade 334 can be utilized in a variety of
applications, with suitable adaptations and optional fea-
tures tailored to those applications. It should also be not-
ed that the configuration of the blade 334 illustrated in
FIGS. 8A and 8B is shown merely by way of example
and not limitation. Other configurations with fewer or
greater numbers of depressions 382, different layouts
and dimensions, proportions, etc. are possible in further
examples.
[0046] The particular characteristics of the blade 334,
such as chord length, radial (i.e., spanwise) dimensions,
thickness, twist, camber, sweep, lean, bow, dihedral, etc.
can be established as desired for particular applications.
For instance, at least some blade characteristics dis-
closed in PCT patent application PCT/US2015/028733
can be utilized in some examples.
[0047] As shown in the example of FIGS. 8A and 8B,
the array 380 of a plurality of spaced-apart depressions
382 is provided along the pressure side 336 of the blade
334, which helps to reduce a mass of the blade 334. In
the illustrated example, the depressions 382 are located
only along a portion of the working region 348 of the pres-
sure side 336 of the blade 334, with the blade 334 having
a generally smooth suction side, though in alternative
examples one or more depressions could be located
elsewhere on the blade 334 (e.g., on the suction side
too). If utilized, suction side depressions can be arranged
similarly to those shown on the pressure side 336, or in
a different pattern or having different individual depres-
sion configurations. The array 380 of the depressions
382 terminates at a radially inward boundary 384 that is
spaced from the transition zone 346, such that a portion
of the working region 348 is generally smooth and free
of the depressions 382. The array 380 can extend all the
way to the tip 342 and to each of the leading and trailing
edges 338 and 340. In the illustrated example, the array
380 has a substantially linear inner boundary 384, and
the array 380 covers approximately 93% of the radial
(spanwise) length of the blade 334 and approximately
100% of the chord of the blade 334. The depressions
382 can be omitted from the attachment region 344 and
the transition zone 346.
[0048] As shown most clearly in FIG. 8B, the depres-
sions 382 in the illustrated example have a shield-like
shape. In the illustrated example the shield-like shape
has a perimeter that includes a generally convex-flanked
apex 382-1 at one end facing the leading edge 338, sub-
stantially parallel sides 382-2, and a generally concave-
flanked apex 382-3 at another end facing the trailing edge
340. Furthermore, the depressions 382 can each have
sidewalls 382-4 arranged substantially orthogonal to a
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base surface 382-5 (bearing in mind that an aerodynamic
shape of the blade 334 will usually not be flat or planar,
with the base surfaces 382-5 of the depressions 382 con-
forming to the overall aerodynamic shape profile of the
blade 334), though in alternative examples the sidewalls
382-4 can be angled, curved, or have other shape vari-
ations in the direction of the thickness of the blade 334.
The depressions 382 of the array 380 can be arranged
in rows 380-1 and 380-2. As most clearly shown in FIG.
8A, the rows 380-1 and 380-2 of depressions 382 can
extend in the radial (i.e., spanwise) direction, with adja-
cent rows 380-1 and 38-2 offset (in the spanwise direc-
tion) and overlapping (in the chordwise direction) to pro-
vide a relatively dense pattern in the array 380. Each row
380-1 or 380-2 can extend substantially linearly in the
radial (spanwise) direction, or alternatively can be curvi-
linear to track a swept or otherwise nonlinear shape of
the leading and/or trailing edges 338 and/or 340. The
concave and convex ends of the shield-like depressions
382 at the opposing apexes 382-1 and 382-3 can have
complementary shapes, to facilitate nesting and overlap.
A spacing S can be provided between adjacent depres-
sions 382. The spacing S can be substantially uniform,
or alternatively can vary.
[0049] The depressions 382 each have a height H
(measured between apexes 382-1 and 382-3 at opposite
ends), a width W (measured perpendicular to the height
H at the widest point, such as between the sides 382-2),
and a depth D (measured in a direction of a thickness T
of the blade 334). The thickness T of the blade 334 is a
nominal distance between opposite pressure 336 and
suction sides at a given location away from any of the
depressions 382. The spacing S can be less than, equal
to or greater than the depth D in various examples.
[0050] The depressions 382 can be oriented at an an-
gle α in relation to a flow direction 386 of fluid passing
along the blade 334 during operation. For instance, in
the illustrated example, all of the depressions 382 (as
measured in relation to a projected line 388 connecting
the apexes 382-1 and 382-3) are substantially aligned
with the flow direction, such that α = 0 (merely for illus-
trative purposes, the angle α is depicted as being non-
zero in FIG. 8B). In further examples, the orientation an-
gle α can be greater than zero, and can approach 90°.
In further alternate examples, the depressions 382 in the
array 380 can have non-uniform orientation angles α, or
sub-arrays have different angles α can be provided.
[0051] In one example, each of the depressions 382
have the same shape, height H and width W, except for
depressions 382’ at a perimeter of the blade working area
348 where the depressions 382’ can be truncated or oth-
erwise modified to fit on the blade surface (e.g., pressure
surface 336). Moreover, as noted above, the array 380
can terminate at boundary 384, and truncated depres-
sions 382’ can be located adjacent to the boundary 384.
A solid ridge 390 that has at least the thickness T can be
provided along some or all of the leading edge 338, trail-
ing edge 340 and/or tip 342 of the blade 334, with the

solid ridge 390 interrupting the depressions 382’ at those
locations. In further examples, depressions can be omit-
ted in certain locations, for instance, at or near the solid
ridge 390 at the leading edge 338, trailing edge 340
and/or tip 342 of the blade 334 where space would not
permit a sufficiently-sized (of full-sized) depression 382
to exist in accordance with a regular depression pattern
of the array 380.
[0052] The depth D of the depressions 382 and 382’
can vary along a gradient G, which can be arranged in a
generally radial (spanwise) direction (see FIG. 8A), with
shallower depths near the tip 342 and greater depths
near the boundary 384, the transition zone 346 and the
attachment region 344. The gradient G can have a con-
stant or varying rate of change, and, if varying, can be
monotonic or non-monotonic.
[0053] In one example, the gradient G can be a sub-
stantially continuous depth variation such that the depth
D of a given depression 382 or 382’ varies (e.g., between
opposite sides 382-2) and the depth D also varies be-
tween adjacent depressions 382 or 382’ of the array 380.
In an alternative example, the gradient G can be imple-
mented in a stepwise (i.e., incremental) manner, such
that the depths D of adjacent depressions 382 or 382’ of
the array 380 vary from one another but the depth D
within a given depression 382 or 382’ is substantially con-
stant. In still further examples, the gradient G can be im-
plemented in sub-arrays (i.e., groups) of depressions 382
and 382’, each having a plurality of depressions or rows
of depressions 382 and 382’, with the depth D varying
between sub-arrays (groups) and remaining substantial-
ly constant within each sub-array (group). The gradient
G can be generally uniform in the chordwise direction,
that is, the depth D of the depressions can be substan-
tially uniform along the chord of the blade 334 at any
given radial (spanwise) location, or can alternatively also
vary in the chordwise direction in addition to the radial
(spanwise) direction. In some examples, the gradient G
can vary proportionally to blade thickness T, such that
the depth D of the depressions remains at a substantially
constant percentage of the blade thickness T throughout
some or all of the array 380. Moreover, it should be noted
that three or more (e.g., a dozen or more) different depths
D can be present in the array 380 on a given surface of
the blade, though the precise number of different depths
D can be selected as desired for particular applications.
[0054] In one example, the shield-like depressions 382
can each have height H of approximately 10% or more
(e.g., approximately 20 mm) of an overall blade working
area chord length (e.g., approximately 200 mm), a width
W of approximately 3.7% (e.g., approx. 11 mm) of an
overall radial (spanwise) blade working area length (e.g.,
approximately 300 mm), a depth D of up to 80% of blade
thickness T (in a preferred example, approximately 50%
of the blade thickness T, and in further examples more
than 50%) such as approximately 1-3 mm depth D for a
thickness T of 2-6 mm, and the spacing S between ad-
jacent depressions can be approximately 50-150% of the
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blade thickness T and/or approximately 0.015% of the
overall blade working area chord length and/or approxi-
mately 0.01% of the overall radial (spanwise) blade work-
ing area length (e.g., approximately 3 mm). Furthermore,
each (full sized) shield-like depression 382 can occupy
an area of approximately 0.3% of an overall surface area
of the working area 348 (or alternatively of the array 380),
with approximately 85% of the blade surface (e.g., pres-
sure side surface 336) occupied by depressions 382 and
382’ and the remaining 15% of the surface area of the
working area 348 located outside of any depressions.
There can be, for instance, approximately 250 or more
depressions 382 and 382’ on a given blade surface in
some examples, such as up to approximately 1000 de-
pressions 382 and 382’.
[0055] In general, the one or more depressions 382
and 382’ of the fan blade 334 help provide a relatively
low mass blade 334 that maintains sufficient strength,
stiffness and aerodynamic characteristics. The fan blade
334 can also help provide for relatively low-noise oper-
ation, by helping to attenuate eddies as fluid passes the
trailing edge 340 of the blade 334 during operation. In-
dividual depressions 382 can have a variety of shapes
that provide desired mass reduction without compromis-
ing structural support, as explained further below. The
depressions 382 can be designed and oriented to provide
a benefit to the fluid flow over the blade, or can be de-
signed to have neutral to minimal negative impact on
airflow characteristics. If utilized in conjunction with any
of the flow modification features described above, the
depressions 382 can be locally interrupted by the flow
modification features as desired for particular applica-
tions.
[0056] FIGS. 9A and 9B illustrate an embodiment of a
fan blade 434 according to the present invention. The
blade 434 can function generally similar to the blades 34,
134, 234 and 334 described above, with additional or
alternative mass-reduction and/or flow modification fea-
tures described further below. The fan blade 434 includes
a pressure side 436, a leading edge 438, a trailing edge
440, a tip 442, attachment portion 444, a transition zone
446, a working region 448, and a suction side (not visible).
Further, the fan blade 434 of the illustrated embodiment
includes an array 480 of depressions 482 that locally re-
duce a nominal thickness of the fan blade 434. The fan
blade 434 is suitable for use with the fan 30 described
above. In alternative embodiments, the fan blade 434
can be used with a different type of fan, such as a non-
modular, one-piece molded fan. An outer ring or shroud
connecting blades of the fan assembly can optionally be
provided in some embodiments. These example appli-
cations are provided merely by way of example and not
limitation. Persons of ordinary skill in the art will appre-
ciate that the fan blade 434 can be utilized in a variety of
applications, with suitable adaptations and optional fea-
tures tailored to those applications. It should also be not-
ed that the configuration of the blade 434 illustrated in
FIGS. 9A and 9B is shown merely by way of example

and not limitation. Other configurations with fewer or
greater numbers of depressions 482, different layouts
and dimensions, proportions, etc. are possible in further
embodiments, within the scope of the appended claims.
[0057] The particular characteristics of the blade 434,
such as chord length, radial (i.e., spanwise) dimensions,
thickness, twist, camber, sweep, lean, bow, dihedral, etc.
can be established as desired for particular applications.
For instance, at least some blade characteristics dis-
closed in PCT patent application PCT/US2015/028733
can be utilized in some embodiments.
[0058] The fan blade 434 shown in FIGS. 9A and 9B
can be generally similar to that of the previously de-
scribed embodiments, except that depressions 482 have
a groove-like (or channel-like) configuration. The groove-
like depressions (or grooves) 482 are located only on the
pressure side 436 of the blade 434, or alternatively also
in additional locations on the blade 343, such as on the
suction side. The groove-like depressions 482 can be
elongated and arranged to extend in generally the chord-
wise and/or flow direction. Although the groove-like de-
pressions 482 are illustrated as being continuous, in fur-
ther embodiments the depressions 482 can be interrupt-
ed or otherwise non-continuous.
[0059] At least some of the groove-like depressions
482 can be angled or curved toward the tip 442, at least
near or proximate the trailing edge 440, to help direct
fluid passing generally in the chordwise direction (be-
tween the leading and trailing edges 436 and 440) into
a more radially (spanwise) outward direction. Discharg-
ing fluid off the tip 442 of the blade 434 on the pressure
side 436 in this manner creates a shorter fluid flow path
on the pressure side 436 than on the suction side and
thereby enhances a pressure differential of the blade 434
for better performance at higher system restriction of op-
eration. In some embodiments, flow modifying aspects
of the groove-like depressions 482 can incorporate as-
pects of the flow modification features 150-1 to 150-4,
such as to provide turning of fluid flow. The depressions
482 at the tip 442 can be "open" (see FIG. 9B) along the
tip 442 and/or the trailing edge 440 to help discharge
fluid. Some depressions 482 can terminate short of the
trailing edge 440, such as near the transition zone 446
and attachment region 444. A solid ridge 490 can be pro-
vided along at least portions of the leading edge 438, the
trailing edge 440 and/or the tip 442 of the blade 434, with
the solid ridge 490 interrupting depressions 482 at those
locations. In the illustrated embodiment of FIGS. 9A and
9B, the ridge 490 is present along substantially the entire
leading edge 438 and along a forward portion of the tip
442, but there is no ridge along the trailing edge 440.
[0060] The array 480 of the depressions 482 is spaced
from the transition zone 446, such that a portion of the
working region 448 is generally smooth and free of the
depressions 482. The array 480 can extend all the way
to the tip 442 and to each of the leading and trailing edges
438 and 440. A radially inner boundary of the array 480
is curved. In the illustrated embodiment, the array 480
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covers approximately 93% of the radial (spanwise) length
of the blade 434 at the leading edge 438 and approxi-
mately 80% of the radial (spanwise) length of the blade
434 at the trailing edge 440, and approximately 100% of
the chord of the blade 434. The depressions 482 are
omitted from the attachment region 444 and the transition
zone 446.
[0061] In one embodiment, the groove-like depres-
sions 482 can each have a width W approximately equal
to a blade thickness T (e.g., approximately 2-6 mm), a
depth D of up to 80% of the blade thickness T (in a pre-
ferred embodiment, depth D can be approximately 50%
of the blade thickness T or in further embodiments more
than 50%) such as approximately 1-3 mm depth D for
thickness T of 2-6 mm, and spacing S (e.g., approximate-
ly 2-6 mm) between adjacent depressions 482 of approx-
imately 33-300% of the blade thickness T and/or approx-
imately 0.01-0.03% of an overall blade working area
chord length and/or approximately 0.0067-0.02% of an
overall radial (spanwise) blade working area length. The
width W of the groove-like depressions 482 can be uni-
form for all depressions, or can vary. The depth D can
be uniform, or can vary, such as with a gradient G like
that described above with respect to depressions 382. A
length (or height) of the groove-like depressions can vary,
for instance, the groove-like depressions 382 closest to
the tip 442 at the leading edge 438 can be shorter in
length than the groove-like depressions 482 closest to
the transition zone 446 and the attachment region 444.
There can be approximately 85% of the blade surface
(e.g., pressure side surface 436) occupied by depres-
sions 482 with the remaining 15% of the blade surface
located outside of any depressions 482. The spacing S
can be less than, equal to or greater than the depth D in
various embodiments. The spacing S can be substan-
tially uniform, or alternatively can vary.
[0062] It should be noted that the configuration of the
blade 434 illustrated in FIGS. 9A and 9B is shown merely
by way of example and not limitation. Other configura-
tions with fewer or greater numbers of depressions 482,
different layouts and dimensions, proportions, etc. are
possible in further embodiments, within the scope of the
appended claims.
[0063] FIGS. 10A and 10B illustrate yet another em-
bodiment of a fan blade 534. The blade 534 can function
generally similar to the blades 34, 134, 234, 334 and 434
described above, with additional or alternative mass-re-
duction features described further below. The fan blade
534 includes a pressure side 536, a leading edge 538, a
trailing edge 540, a tip 542, attachment portion 544, a
transition zone 546, a working region 548, and a suction
side (not visible). Further, the fan blade 534 of the illus-
trated embodiment includes an array 580 of depressions
582 that locally reduce a nominal thickness of the fan
blade 534. The fan blade 534 is suitable for use with the
fan 30 described above. In alternative embodiments, the
fan blade 534 can be used with a different type of fan,
such as a non-modular, one-piece molded fan. An outer

ring or shroud connecting blades of the fan assembly can
optionally be provided in some embodiments. These ex-
ample applications are provided merely by way of exam-
ple and not limitation. Persons of ordinary skill in the art
will appreciate that the fan blade 534 can be utilized in a
variety of applications, with suitable adaptations and op-
tional features tailored to those applications. It should
also be noted that the configuration of the blade 534 il-
lustrated in FIGS. 10A and 10B is shown merely by way
of example and not limitation. Other configurations with
fewer or greater numbers of depressions 582, different
layouts and dimensions, proportions, etc. are possible in
further embodiments, within the scope of the appended
claims.
[0064] The particular characteristics of the blade 534,
such as chord length, radial (i.e., spanwise) dimensions,
thickness, twist, camber, sweep, lean, bow, dihedral, etc.
can be established as desired for particular applications.
For instance, at least some blade characteristics dis-
closed in PCT patent application PCT/US2015/028733
can be utilized in some embodiments.
[0065] The fan blade 534 shown in FIGS. 10A and 10B
is generally similar to those of the previously described
embodiments, except that the depressions 582 have a
dimple-like configuration. The dimple-like depressions
582 are located only on the pressure side 536 of the fan
blade 534, or alternatively also in additional locations on
the blade, such as on the suction side.
[0066] In the illustrated embodiment, the dimple-like
depressions 582 are partially spherical, that is, the dim-
ple-like depressions 582 are spherical segments that
conform to a portion of a spherical surface yet open along
the surface of the blade 534 so as to constitute less than
a complete sphere. The depressions 582 of the array 580
can be arranged in rows 580-1 and 580-2. As most clearly
shown in FIG. 10B, adjacent rows 580-1 and 580-2 of
depressions 382 can be offset relative to each other to
provide an overlapping and therefore denser pattern of
the array 580. Each row 580-1 or 580-2 can extend sub-
stantially linearly in the radial (spanwise) direction, or al-
ternatively can be curvilinear to track a swept or otherwise
nonlinear shape of the leading and/or trailing edges 538
and/or 540.
[0067] The array 580 of the depressions 582 is spaced
from the transition zone 546, such that a portion of the
working region 548 is generally smooth and free of the
depressions 582. The array 580 can extend all the way
to the tip 542 and to each of the leading and trailing edges
538 and 540. A radially inner boundary of the array 580
is curved. In the illustrated embodiment, the array 580
covers approximately 93% of the radial (spanwise) length
of the blade 534 at the leading edge 538 and approxi-
mately 66% of the radial (spanwise) length of the blade
534 at the trailing edge 540, and approximately 100% of
the chord of the blade 534. The depressions 582 can be
omitted from the attachment region 544 and the transition
zone 546.
[0068] In one embodiment, the dimple-like depres-
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sions 582 can each have diameters approximately equal
to the blade thickness T (e.g., of approximately 2-6 mm),
a depth D of up to 80% of a blade thickness T (in a pre-
ferred embodiment, the depth D is approximately 50%
of the blade thickness T or in further embodiments more
than 50%) such as a depth D of approximately 1-3 mm
of blade thickness T of 2-6 mm, and a spacing S (e.g.,
approximately 2-6 mm) between depressions of approx-
imately 33-300% of the blade thickness T and/or approx-
imately 0.01-0.03% of an overall blade working area
blade chord length and/or approximately 0.0067-0.02%
of an overall radial (spanwise) blade working area length.
There can be approximately 85% of the blade surface
(e.g., pressure side surface) occupied by depressions
with the remaining 15% of the working area blade surface
located outside of any depressions 582. The spacing S
can be less than, equal to or greater than the depth D in
various embodiments. The spacing S can be substan-
tially uniform, or alternatively can vary.
[0069] It should be noted that the configuration of the
blade 534 illustrated in FIGS. 10A and 10B is shown
merely by way of example and not limitation. Other con-
figurations with fewer or greater numbers of depressions
582, different layouts and dimensions, proportions, etc.
are possible in further embodiments, within the scope of
the appended claims.
[0070] A variety of further depression configurations
can be utilized according to the present invention. For
instance, FIGS. 11-16 are views of further embodiments
of arrays of depressions for use with a fan blade 34, 134,
234, 334, 434 or 534 according to the present invention.
For ease of viewing, arears surrounding individual de-
pressions are stippled in FIGS. 11-16. FIG. 11 illustrates
an embodiment of a scale-like (e.g., fish-scale-like) de-
pression array. FIG. 12 illustrates a drop-like depression
array. FIG. 13 illustrates an embodiment of an oval-like
depression array, with the depressions being elongate
and nearly rectangular shapes (like a racetrack shape)
arranged in a subway-tile pattern. FIG. 14 illustrates an
embodiment of a star-like depression array, with the de-
pressions having a regular, four-point star shape with
concave apexes. FIG. 15 illustrates an embodiment of a
cathedral-like depression array, with the depressions
having three non-uniform shapes such that the spaces
between depressions resemble flying buttresses of a ca-
thedral. FIG. 16 illustrates an embodiment of a crossbow-
like depression array, with the depressions having non-
uniform but symmetrical shapes such that the spaces
between depressions form a repeating pattern with a
curved (bow-like) segment with an intersecting (e.g., bi-
secting) linear segment.
[0071] Yet again, it should be noted that the configu-
rations of the depressions illustrated in FIGS. 11-16 are
shown merely by way of example and not limitation. Other
configurations with different shapes, layouts and dimen-
sions, proportions, etc. are possible in further embodi-
ments.
[0072] Features of any disclosed embodiment can be

combined with features of another disclosed embodi-
ment, as desired for particular applications. For instance,
an array (or sub-array) of mass-reduction depressions
of a first shape and/or arrangement can be combined
with another array (or sub-array) of mass-reduction de-
pressions of a second shape and/or arrangement.
[0073] The embodiments of the blades 34, 134, 234,
334, 434 and 534 described above can be made using
a variety of molding methods. In one embodiment, a con-
ventional molding process can be used. In another em-
bodiment, fiber-reinforced sheet molding compound
(SMC) material can be used as disclosed in commonly-
assigned PCT Patent App. Pub. No. WO2015/171446.
Reinforced or unreinforced molding methods can each
produce composite blades as single, monolithic struc-
tures. In yet another embodiment, a new "hybrid" molding
process, as described in commonly-assigned U.S. Pro-
visional Pat. App. Ser. No. 62/210,168 filed August 26,
2015, can be utilized that exists in between (but differs
from) traditional resin transfer molding (RTM) methods
for solid carbon fiber composites and traditional high
speed injection molding processes for nylon. In such an
embodiment, a fan blade 34, 134, 234, 334, 434 or 534
of the present invention can have a "hybrid" multi-layer
construction, with a continuous strand reinforced com-
posite layer and an overmolded layer of short-strand
(e.g., chopped) fiber reinforced composite material.
[0074] FIG. 17 is a flow chart of an embodiment of a
method of designing and making fans 30, such as axial-
flow fans for automotive applications. The method in-
cludes designing a blade (34, 134, 234, 334, 434, 534,
etc.) with surface features, such as flow modifying fea-
tures (150-1 to 150-4, 160-1 to 160-3, 270-1 to 270-2,
etc.) or, according to the present invention, an array of
depressions (380, 480, 580, etc.) (step 600), and design-
ing multiple fan center hubs 32 (step 602). The blade
design can be limited to designing only a single blade
that is utilized to make any number of substantially iden-
tical blades. In alternative embodiments, only a single
hub can be designed. Blade surface features can be de-
signed through the use of computer simulation, rapid pro-
totyping, and/or physical confirmation testing.
[0075] A desired fan configuration is also determined
(step 604), which can include identifying a desired fan
diameter, solidity, and/or other factors. Once a desired
fan configuration is determined, a first center hub is se-
lected from available hub designs (step 606) and blades
according to the blade design are attached to the selected
first center hub (step 608). Depending on the desired fan
diameter, the number of blades will vary. For instance,
with smaller center hubs a smaller number of blades can
be used, and with larger center hubs a larger number of
blades can be used (depending upon desired solidity).
[0076] If a new fan design is desired (step 610), a sec-
ond hub design (different from the first hub design) is
selected (step 612) and the blades (having the same de-
sign and configuration as used with the first center hub)
are attached to the second hub (step 614).
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[0077] These assembled fan(s) can then be used in
suitable applications, such as for automotive cooling ap-
plications. However, the use of different hubs allows
overall fan characteristics to be varied without trimming
the fan blades, thereby destroying surface features on
the trimmed fan blades.

Summation

[0078] Any relative terms or terms of degree used here-
in, such as "substantially", "essentially", "generally", "ap-
proximately" and the like, should be interpreted in ac-
cordance with and subject to any applicable definitions
or limits expressly stated herein. In all instances, any
relative terms or terms of degree used herein should be
interpreted to broadly encompass any relevant disclosed
embodiments as well as such ranges or variations as
would be understood by a person of ordinary skill in the
art in view of the entirety of the present disclosure, such
as to encompass ordinary manufacturing tolerance var-
iations, incidental alignment variations, minor alignment
or shape variations induced by thermal, rotational or vi-
brational operational conditions, and the like.
[0079] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the claims.

Claims

1. A fan blade (434, 534) comprising:

a working region (448, 548) having a leading
edge (438, 538), a trailing edge (440, 540), a
pressure side (436, 536), a suction side and a
tip (442, 542), wherein the working region has
a thickness measured between the pressure
side and the suction side;
a transition zone (446, 546) located adjacent to
the working region (448, 548);
an attachment portion (444, 544) located adja-
cent to the transition zone (446, 546) opposite
the working region (448, 548); and
an array (480, 580) of depressions (482, 582)
on the pressure side (436, 536), wherein each
of the depressions (482, 582) in the array (480,
580) has a depth (D) that locally reduces a thick-
ness (T) of the fan blade by at least 50%,

wherein the array of depressions (482, 582) in the
working region (448, 548) is spaced from the transi-
tion zone (446, 546) such that a radially inward por-
tion of the working region (448, 548) is free of de-
pressions (482, 582),
and characterized in that the array of depressions
(482, 582) has an inner boundary that is curved, such
that the inner boundary at the trailing edge (440, 540)
is located radially outward from the inner boundary
at the leading edge (438, 538).

2. The fan blade (434, 534) of claim 1, wherein the array
(480, 580) of depressions (482, 582) is arranged in
rows (580-1, 580-2), and wherein adjacent rows of
the array are radially offset and overlap in a chord-
wise direction, preferably wherein the rows (580-1,
580-2) of the array (480, 580) are substantially linear.

3. The fan blade (434, 534) of any of the preceding
claims, wherein the array (480, 580) of depressions
covers approximately 85% of the working region
(448, 548) on the pressure side (436, 536), and
wherein a remaining portion of the working region is
free of depressions.

4. The fan blade (434, 534) of any of the preceding
claims, wherein the depth (D) of the depressions
(482, 582) varies in a gradient (G) along the fan
blade, wherein the gradient is arranged in a radial
direction with shallower depths near the tip.

5. The fan blade (434, 534) of any of the preceding
claims, wherein the fan blade is constructed as a
single monolithic structure from a composite mate-
rial.

6. The fan blade (434, 534) of any of the preceding
claims, wherein the depressions (482, 582) of the
array are spaced from each other by a distance that
is approximately 33-300% of the thickness of the fan
blade.

7. The fan blade (434, 534) of any of the preceding
claims, wherein the depressions (482, 582) of the
array (480, 580) are spaced from each other by a
distance that is greater than the depth of the depres-
sions.

8. The fan blade (534) of any of claims 1-7, wherein
the depressions (582) of the array are configured as
semi-spherical dimples (582).

9. The fan blade (434) of any of the preceding claims,
wherein the depressions of the array are configured
as elongate grooves (482).

10. The fan blade of any of claims 1-7, wherein the de-
pressions of the array are configured with a perim-
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eter shape selected from the group consisting of: a
scale shape, a droplet shape, a racetrack shape, and
a star shape; form a pattern of three non-uniform
shapes such that spaces between adjacent depres-
sions resemble flying buttresses of a cathedral; or
form a pattern of two non-uniform but symmetrical
crossbow-like shapes such that spaces between ad-
jacent depressions form a repeating pattern with a
curved segment with bisecting segment.

11. The fan blade (434, 534) of any of the preceding
claims, wherein the array of depressions (482, 582)
has an inner boundary arranged such that the array
of depressions covers 93% of a radial length of the
blade at the leading edge (438, 538), 66% or 80%
of the radial length of the blade at the trailing edge
(440, 540), and 100% of a chord of the blade.

12. A method of making axial flow fans, the method com-
prising:

designing a fan blade (34, 434, 534) according
to any preceding claim having a first fan blade
design that includes at least one blade surface
feature (480, 580);
designing a plurality of hubs having different
configurations;
selecting one of the plurality of hub designs, the
selected one of the plurality of hub designs hav-
ing a first hub design;
attaching a plurality of fan blades (34, 434, 534)
having the first fan blade design to a hub having
the first hub design, and
selecting a second of the plurality of hub designs
having a second hub design, wherein the sec-
ond hub design has a different diameter than
the first hub design; and
attaching another plurality of fan blades having
the first fan blade design to a hub having the
second hub design.

Patentansprüche

1. Ein Lüfterflügel (434, 534), der Folgendes aufweist:

einen Arbeitsbereich (448, 548) mit einer Vor-
derkante (438, 538), einer Hinterkante (440,
540), einer Druckseite (436, 536), einer Saug-
seite und einer Spitze (442, 542), wobei der Ar-
beitsbereich eine zwischen der Druckseite und
der Saugseite gemessene Dicke aufweist;
eine Übergangszone (446, 546), die angren-
zend an den Arbeitsbereich (448, 548) angeord-
net ist;
einen Befestigungsabschnitt (444, 544), der an-
grenzend an die Übergangszone (446, 546) ent-
gegengesetzt zu dem Arbeitsbereich (448, 548)

angeordnet ist; und
eine Anordnung (480, 580) von Vertiefungen
(482, 582) auf der Druckseite (436, 536), wobei
jede der Vertiefungen (482, 582) in der Anord-
nung (480, 580) eine Tiefe (D) aufweist, die eine
Dicke (T) des Lüfterflügels lokal um mindestens
50% reduziert,
wobei die Anordnung von Vertiefungen (482,
582) in dem Arbeitsbereich (448, 548) von der
Übergangszone (446, 546) so beabstandet ist,
dass ein radial innerer Abschnitt des Arbeitsbe-
reichs (448, 548) frei von Vertiefungen (482,
582) ist,
und dadurch gekennzeichnet, dass
die Anordnung von Vertiefungen (482, 582) eine
Innenbegrenzung hat, die so gekrümmt ist, dass
die Innenbegrenzung an der Hinterkante (440,
540) radial nach außen von der Innenbegren-
zung an der Vorderkante (438, 538) liegt.

2. Lüfterflügel (434, 534) nach Anspruch 1, wobei die
Anordnung (480, 580) von Vertiefungen (482, 582)
in Reihen (580-1, 580-2) angeordnet ist, und wobei
benachbarte Reihen der Anordnung radial versetzt
sind und sich in einer Sehnenrichtung überlappen,
wobei vorzugsweise die Reihen (580-1, 580-2) der
Anordnung (480, 580) im Wesentlichen linear sind.

3. Der Lüfterflügel (434, 534) nach einem der vorher-
gehenden Ansprüche, wobei die Anordnung (480,
580) von Vertiefungen etwa 85% des Arbeitsbe-
reichs (448, 548) auf der Druckseite (436, 536) ab-
deckt und wobei ein verbleibender Teil des Arbeits-
bereichs frei von Vertiefungen ist.

4. Der Lüfterflügel (434, 534) nach einem der vorher-
gehenden Ansprüche, wobei die Tiefe (D) der Ver-
tiefungen (482, 582) in einem Gradienten (G) entlang
des Lüfterflügels variiert, wobei der Gradient in ra-
dialer Richtung mit geringeren Tiefen nahe der Spit-
ze angeordnet ist.

5. Die Lüfterflügel (434, 534) nach einem der vorher-
gehenden Ansprüche, wobei der Lüfterflügel als eine
einzige monolithische Struktur aus einem Verbund-
werkstoff konstruiert ist.

6. Der Lüfterflügel (434, 534) nach einem der vorher-
gehenden Ansprüche, wobei die Vertiefungen (482,
582) der Anordnung in einem Abstand voneinander
angeordnet sind, der etwa 33-300% der Dicke des
Lüfterflügels beträgt.

7. Der Lüfterflügel (434, 534) nach einem der vorher-
gehenden Ansprüche, wobei die Vertiefungen (482,
582) der Anordnung (480, 580) um einen Abstand
voneinander beabstandet sind, der größer ist als die
Tiefe der Vertiefungen.
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8. Der Lüfterflügel (534) nach einem der Ansprüche
1-7, wobei die Vertiefungen (582) der Anordnung als
halbkugelförmige Vertiefungen (582) konfiguriert
sind.

9. Der Lüfterflügel (434) nach einem der vorhergehen-
den Ansprüche, wobei die Vertiefungen der Anord-
nung als längliche Rillen (482) konfiguriert sind.

10. Der Lüfterflügel nach einem der Ansprüche 1-7, wo-
bei die Vertiefungen der Anordnung mit einer Um-
fangsform konfiguriert sind, die aus der Gruppe aus-
gewählt ist, die Folgendes aufweist: eine Schuppen-
form, eine Tropfenform, eine Rennbahnform und ei-
ne Sternform; ein Muster aus drei ungleichförmigen
Formen bilden, so dass die Räume zwischen be-
nachbarten Vertiefungen Strebepfeilern einer Ka-
thedrale ähneln; oder ein Muster aus zwei ungleich-
förmigen, aber symmetrischen, Armbrust-ähnlichen
Formen bilden, so dass die Räume zwischen den
Vertiefungen ein sich wiederholendes Muster mit ei-
nem gekrümmten Segment mit halbierendem Seg-
ment bilden.

11. Der Lüfterflügel (434, 534) nach einem der vorher-
gehenden Ansprüche, wobei die Anordnung der Ver-
tiefungen (482, 582) eine innere Begrenzung auf-
weist, die so angeordnet ist, dass die Anordnung der
Vertiefungen 93% der radialen Länge des Flügels
an der Vorderkante (438, 538), 66% oder 80% der
radialen Länge des Flügels an der Hinterkante (440,
540) und 100% einer Sehne des Flügels abdeckt.

12. Ein Verfahren zur Herstellung von Axialventilatoren,
wobei das Verfahren aufweist:

Entwerfen eines Lüfterflügels (34, 434, 534) ge-
mäß einem der vorhergehenden Ansprüche mit
einem ersten Lüfterflügeldesign, das mindes-
tens ein Flügeloberflächenmerkmal (480, 580)
aufweist;
Entwerfen einer Vielzahl von Naben mit unter-
schiedlichen Konfigurationen;
Auswählen eines aus der Vielzahl von Naben-
designs, wobei das ausgewählte aus der Viel-
zahl von Nabendesigns ein erstes Nabendesign
aufweist;
Anbringen einer Vielzahl von Lüfterflügeln (34,
434, 534) mit dem ersten Lüfterflügeldesign an
einer Nabe mit dem ersten Nabendesign, und
Auswahl einer zweiten aus der Vielzahl von Na-
bendesigns mit einem zweiten Nabendesign,
wobei das zweite Nabendesign einen anderen
Durchmesser als das erste Nabendesign hat;
und
Anbringen einer weiteren Vielzahl von Lüfterflü-
geln mit dem ersten Lüfterflügeldesign an einer
Nabe mit dem zweiten Nabendesign.

Revendications

1. Pale de ventilateur (434, 534) comprenant :

une région de travail (448, 548) ayant un bord
d’attaque (438, 538), un bord de fuite (440, 540),
un côté refoulement (436, 536), un côté aspira-
tion et une pointe (442, 542), la région de travail
ayant une épaisseur mesurée entre le côte re-
foulement el le côté aspiration ;
une zone de transition (446, 546) située adja-
cente à la région de travail (448, 548) ;
une partie de fixation (444, 544) située adjacen-
te à la zone de transition (446, 546) à l’opposé
de la région de travail (448, 548) ; et
un réseau (480, 580) de dépressions (482, 582)
sur le côté refoulement (436, 536), chacune des
dépressions (482, 582) dans le réseau (480,
580) ayant une profondeur (D) qui réduit loca-
lement une épaisseur (T) de la pale de ventila-
teur d’au moins 50 %, le réseau de dépressions
(482, 582) dans la région de travail (448, 548)
étant espacé de la zone de transition (446, 546)
de telle sorte qu’une partie radialement vers l’in-
térieur de la région de travail (448, 548) est
exempte de dépressions (482, 582), et
caractérisée par ce que le réseau de dépres-
sions (482, 582) a une limite interne qui est in-
curvée, de telle sorte que la limite interne au
bord de fuite (440, 540) est située radialement
vers l’extérieur par rapport à la limite interne au
bord d’attaque (438, 538).

2. Pale de ventilateur (434, 534) selon la revendication
1, dans laquelle le réseau (480, 580) de dépressions
(482, 582) est disposé en rangées (580-1, 580-2),
et des rangées adjacentes du réseau étant radiale-
ment décalées et se chevauchant dans une direction
de corde, les rangées (580-1, 580-2) du réseau (480,
580) étant, de préférence, sensiblement linéaires.

3. Pale de ventilateur (434, 534) selon l’une quelcon-
que des revendications précédentes, dans laquelle
le réseau (480, 580) de dépressions recouvre ap-
proximativement 85 % de la région de travail (448,
548) sur le côté refoulement (436, 536), et une partie
restante de la région de travail étant exempte de
dépressions.

4. Pale de ventilateur (434, 534) selon l’une quelcon-
que des revendications précédentes, dans laquelle
la profondeur (D) des dépressions (482, 582) varie
selon un gradient (G) le long de la pale de ventilateur,
le gradient étant agencé dans une direction radiale
avec des profondeurs plus superficielles près de la
pointe.

5. Pale de ventilateur (434, 534) selon l’une quelcon-
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que des revendications précédentes, la pale de ven-
tilateur étant construite sous la forme d’une unique
structure monolithique à partir d’un matériau com-
posite.

6. Pale de ventilateur (434, 534) selon l’une quelcon-
que des revendications précédentes, dans laquelle
les dépressions (482, 582) du réseau sont espacées
les unes des autres d’une distance qui est approxi-
mativement 33-300 % de l’épaisseur de la pale de
ventilateur.

7. Pale de ventilateur (434, 534) selon l’une quelcon-
que des revendications précédentes, dans laquelle
les dépressions (482, 582) du réseau (480, 580) sont
espacées les unes des autres d’une distance qui est
supérieure à la profondeur des dépressions.

8. Pale de ventilateur (534) selon l’une quelconque des
revendications 1 à 7, dans laquelle les dépressions
(582) du réseau sont configurées sous la forme de
fossettes semi-sphériques (582).

9. Pale de ventilateur (434) selon l’une quelconque des
revendications précédentes, dans laquelle les dé-
pressions du réseau sont configurées sous la forme
de rainures allongées (482).

10. Pale de ventilateur selon l’une quelconque des re-
vendications 1 à 7, dans laquelle les dépressions du
réseau sont configurées avec une forme de périmè-
tre choisie parmi le groupe constitué par : une forme
d’échelle, une forme de gouttelette, une forme de
champ de courses et une forme d’étoile ; forment un
motif de trois formes non-uniformes de telle sorte
que des espaces entre des dépressions adjacentes
ressemblent à des arcs-boutants d’une cathédrale ;
ou forment un motif de deux formes de type arbalète,
non-uniformes mais symétriques, de telle sorte que
des espaces entre des dépressions adjacentes for-
ment un motif répétitif ayant un segment incurvé
avec un segment bissecteur.

11. Pale de ventilateur (434, 534) selon l’une quelcon-
que des revendications précédentes, dans laquelle
le réseau de dépressions (482, 582) a une limite in-
terne agencée de telle sorte que le réseau de dé-
pressions recouvre 93 % d’une longueur radiale de
la pale au bord d’attaque (438, 538), 66 % ou 80 %
de la longueur radiale de la pale au bord de fuite
(440, 540), et 100 % d’une corde de la pale.

12. Procédé de fabrication de ventilateurs à écoulement
axial, le procédé comprenant :

concevoir une pale de ventilateur (34, 434, 534)
selon l’une quelconque des revendications pré-
cédentes, ayant une première conception de pa-

le de ventilateur qui comprend au moins un élé-
ment de surface de pale (480, 580) ;
concevoir une pluralité de moyeux ayant diffé-
rentes configurations ;
sélectionner l’une de la pluralité de conceptions
de moyeu, la conception sélectionnée parmi la
pluralité de conceptions de moyeu ayant une
première conception de moyeu ;
fixer une pluralité de pales de ventilateur (34,
434, 534) ayant la première conception de pale
de ventilateur à un moyeu ayant la première con-
ception de moyeu, et
sélectionner une seconde conception parmi la
pluralité de conceptions de moyeu ayant une
seconde conception de moyeu, la seconde con-
ception de moyeu ayant un diamètre différent
de celui de la première conception de moyeu ; et
fixer une autre pluralité de pales de ventilateur
ayant la première conception de pale de venti-
lateur à un moyeu ayant la seconde conception
de moyeu.
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