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(57) ABSTRACT 
An engine assembly includes a crankcase, a shaft, a housing, 
and a cooling fan. The shaft is coupled to the crankcase and 
defines a rotational axis. The housing has a sidewall that 
defines an internal space. The cooling fan is disposed at least 
partially within the internal space and is coupled to the shaft. 
The cooling fan includes a plate defining an upper Surface 
and a lower surface. The plate is positioned to rotate with the 
shaft about the rotational axis. The cooling fan also includes 
a band that has an inner band radius and an outer band 
radius. The cooling fan also includes a plurality of reversed 
fins coupled to the band and extending from the upper 
surface of the plate, further radially outward from the 
rotational axis than the band. 
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REVERSE FIN COOLING FAN 

BACKGROUND 

0001. The present invention relates generally to the field 
of Small air-cooled internal combustion engines, and par 
ticularly to the field of cooling fans for small air-cooled 
internal combustion engines. 

SUMMARY 

0002 One embodiment relates to an engine assembly. 
The engine assembly includes a crankcase, a shaft, a hous 
ing, and a cooling fan. The shaft is coupled to the crankcase 
and defines a rotational axis. The housing has a sidewall that 
defines an internal space. The cooling fan is disposed at least 
partially within the internal space and is coupled to the shaft. 
The cooling fan includes a plate defining an upper Surface 
and a lower surface. The plate is positioned to rotate with the 
shaft about the rotational axis. The cooling fan also includes 
a band that has an inner band radius and an outer band 
radius. The cooling fan also includes a plurality of reversed 
fins coupled to the band and extending from the upper 
surface of the plate. The plurality of reversed fins extend 
radially outward from the rotational axis along a plurality of 
paths that are concave relative to a clockwise direction when 
viewed from above the cooling fan. The plurality of reversed 
fins extend further radially outward from the rotational axis 
than the band. 

0003. Another embodiment relates to a fan assembly that 
includes a cooling fan and a screen. The cooling fan defines 
a central axis and includes a plate defining an upper Surface 
and a lower Surface, a band having an inner band radius and 
an outer band radius, and a plurality of reverse fins coupled 
to the band and extending from the upper surface of the 
plate. The plurality of reversed fins extend radially outward 
from the central axis along a plurality of paths that are 
concave relative to a clockwise direction when viewed from 
above the cooling fan. The plurality of reversed fins extend 
to a plurality of tips that are positioned further radially 
outward from the central axis than the band. The screen is 
coupled to the cooling fan and is disposed along the plurality 
of reversed fins. The screen includes a hub positioned 
orthogonal to the central axis and a plurality of blades 
extending radially outward from the hub. A leading edge is 
the thinnest cross-sectional portion of each of the plurality of 
blades. 

0004 Another embodiment relates to a cooling fan. The 
cooling fan includes a plate having an upper Surface and a 
lower Surface and defining a central axis, a band having an 
inner band radius and an outer band radius, and a plurality 
of reverse fins coupled to the band and extending from the 
upper surface of the plate. The plurality of reversed fins 
extend radially outward from the central axis along a plu 
rality of paths that are concave relative to a clockwise 
direction when viewed from above the cooling fan. The 
plurality of reversed fins extend from a plurality of roots 
positioned a root radius from the central axis to a plurality 
of tips positioned a tip radius from the central axis, and the 
tip radius is greater than the outer band radius Such that the 
plurality of tips protrude further radially outward from the 
central axis than the band. 

0005. Alternative exemplary embodiments relate to other 
features and combinations of features as may be generally 
recited in the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0006. The invention will become more fully understood 
from the following detailed description, taken in conjunction 
with the accompanying figures, in which like reference 
numerals refer to like elements: 
0007 FIG. 1 is an exploded perspective view of an 
engine assembly having a cooling fan; 
0008 FIG. 2 is a sectional view of a housing and a 
cooling fan of the engine assembly of FIG. 1; 
0009 FIG. 3 is a cutaway schematic diagram of an engine 
having two cylinders in a V-twin configuration; 
0010 FIG. 4A is a perspective view of a fan assembly for 
an engine that includes a cooling fan and a screen; 
0011 FIG. 4B is an exploded perspective view of the fan 
assembly of FIG. 4A; 
(0012 FIG. 5 is a perspective view of the screen of FIG. 
4A; 
0013 FIG. 6A is a perspective view of the cooling fan of 
FIG. 4A; 
(0014 FIG. 6B is a top view of the cooling fan of FIG. 6A: 
0015 FIG. 6C is a sectional view of the cooling fan of 
FIG. 6A: 
0016 FIG. 6D is a sectional view of the cooling fan of 
FIG. 6A: 
(0017 FIG. 6E is a bottom view of the cooling fan of FIG. 
6A: 
(0018 FIG. 7A is a partial detail view of a fin of the 
cooling fan of FIG. 6A, according to one embodiment; 
(0019 FIG. 7B is a partial detail view of a fin for a cooling 
fan, according to another embodiment; and 
0020 FIG. 7C is a partial detail view of a fin for a cooling 
fan, according to still another embodiment. 

DETAILED DESCRIPTION 

0021. Before turning to the figures, which illustrate the 
exemplary embodiments in detail, it should be understood 
that the present application is not limited to the details or 
methodology set forth in the description or illustrated in the 
figures. It should also be understood that the terminology is 
for the purpose of description only and should not be 
regarded as limiting. 
0022. According to one embodiment, a cooling fan as 
described herein is a fan used to move air and thereby cool 
an engine. The cooling fan may be provided as part of an 
engine assembly or as part of a fan assembly, among other 
alternatives. The cooling fan provides a flow of air that 
passes along a surface of the engine that has a high tem 
perature and cools the Surface by convection processes. A 
clockwise rotation of the cooling fan (e.g., when viewed 
from above with the cooling fan and engine installed in a 
normal operating position, etc.), causes relatively cool air to 
be drawn from outside the engine, down through the fan, and 
to pass over the relatively hot surfaces of the engine. The 
engine may be an internal combustion engine and may 
generate power by combusting a fuel in the presence of an 
oxidant. The fuel may include, but is not limited to, a 
gasoline-type fuel, a diesel-type fuel, a jet-type fuel, a 
blended fuel including gasoline-, diesel-, and jet-type fuels 
as well as a blending agent such as ethanol, or any other fuel. 
The oxidant may be air, pure oxygen, a combination thereof, 
or any other oxidant. 
0023. In some embodiments, the engine includes at least 
one cylinder and at least one piston that facilitate combus 
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tion, from which power is generated. The piston may facili 
tate combustion by following a cycle, such as a four-stroke 
cycle including an intake stroke, a compression stroke, an 
expansion or power stroke, and an exhaust stroke, or any 
other combustion cycle. As combustion occurs in the engine, 
the fuel and oxidant are converted into products and heat is 
released. Part of the released heat is transferred to the 
cylinder and other components of the engine. The piston 
may direct the power generated by the combustion cycle to 
provide output power. The engine may be provided alone, as 
part of a mower, as part of a pressure washer, or as part of 
still another piece of power equipment. The cooling fan as 
described herein provides a flow of air to cool the engine that 
has increased in temperature due to combustion, without 
excessive noise. In some embodiments, the cooling fan 
reduces air turbulence (e.g., around the tip of a fin, as the fins 
rotate and drive the Surrounding air, etc.), thereby reducing 
noise traditionally generated by turbulence. In some 
embodiments, the spacing between the tip of a fin and a 
Surrounding housing is increased (e.g., relative to traditional 
cooling fan systems, etc.) or otherwise specified to decrease 
blade pass frequency and thereby reduce blade pass noise. 
0024. Referring to FIG. 1, an engine assembly 2 includes 
a housing 4, a crankcase 8, a flywheel 9, a shaft 12, a cooling 
fan 16, and a screen 36. The shaft 12 is coupled to the 
crankcase 8 and defines a rotational axis 13. The housing 4 
has a sidewall 108 that defines an internal space. When the 
engine assembly 2 is assembled, the cooling fan 16 is 
disposed at least partially within the internal space of the 
housing 4 and is coupled to the shaft 12. By way of example, 
the flywheel 9 may be coupled to the shaft 12, and the 
cooling fan 16 may be coupled to the flywheel 9. The 
cooling fan 16 includes a plate 20, a band 32, and a plurality 
of reversed fins 28. When the engine assembly 2 is 
assembled, the screen 36 is coupled to the cooling fan 16 and 
disposed above the plurality of fins 28. The screen 36 
includes a hub 40 positioned orthogonal to the rotational 
axis 13 and a plurality of blades 44 extending radially 
outward from the hub 40. 

0025 Referring to FIG. 2, the housing 4 and the cooling 
fan 16 cooperate to cool the engine assembly 2 and Sub 
components of the engine assembly 2. In one embodiment, 
the distance 104 between the housing 4 and the tips 56 of the 
plurality of fins 28 is not more than 2 inches. The distance 
104 may be defined as the shortest distance from the tip 56 
to the sidewall 108 of the housing 4. This spacing aids in 
directing air flow in a manner so as to reduce turbulence and 
blade pass frequency and thereby reduce noise. In some 
embodiments, the distance 104 is less than one inch. In one 
embodiment, the distance 104 is about 0.75 inches. 
0026. In some embodiments, the cooling fan 16 and the 
screen 36 of the engine assembly are coupled to co-rotate 
(e.g., by being integrally formed and defining a single 
unitary body, etc.). In some embodiments, the band 32 is 
continuous between the cooling fan 16 and the screen 36. In 
Some embodiments, another portion of the cooling fan 16 is 
continuous with the screen 36 such that the cooling fan 16 
and the screen 36 are integrally formed and define a single 
unitary body. In some embodiments, the shaft 12 is coupled 
with each of the cooling fan 16 and the screen 26, causing 
them to co-rotate. The shaft 12 may be connected to a 
crankshaft 11 of the engine assembly 2 (e.g., with gears, 
directly, etc.), such that the shaft 12 rotates in the rotational 
axis 13 based on output from the crankshaft 11. 
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0027. Referring to FIG. 3, the engine assembly 2 includes 
a pair of pistons 10 that are received in a pair of cylinders 
6. The cylinders 6 are in a V-twin configuration. While in 
FIG. 3, the pistons 10 are shown in a single-pin configura 
tion such that they rotate a crankshaft 11 of the engine 
assembly 2 in unison, the pistons 10 may be arranged in any 
pin configuration, such as a double-pin configuration. The 
crankshaft 11 is configured to rotate in response to actuation 
of the pair of pistons 10 to provide an output to rotate the 
shaft 12. 

(0028. Referring to FIGS. 4A-6E, a fan assembly 200 is 
shown, including the cooling fan 16 and the screen 36. The 
cooling fan 16 defines a central axis 14. The cooling fan 16 
includes a plate 20 defining an upper Surface 24 and a lower 
surface 22. The cooling fan 16 includes a band 32, and a 
plurality of reversed fins 28. The screen 36 is coupled to the 
cooling fan 16, and disposed along the plurality of reversed 
fins 28. The screen 36 includes a hub 40 positioned orthogo 
nal to the central axis 14 and a plurality of blades 44 
extending radially outward from the hub 40. A leading edge 
48 is the thinnest cross-sectional portion of each of the 
plurality of blades 44, according to one embodiment. 
(0029 Referring to FIGS. 6A-7C, the band 32 of the 
cooling fan 16 has an inner band radius 124 and an outer 
band radius 125. The plurality of reversed fins 28 of the 
cooling fan 16 are coupled to the band 32 and extend from 
the upper surface 24 of the plate 20. The fins 28 also extend 
radially outward from the central axis 14 along a plurality of 
paths that are concave relative to a clockwise direction 15 
when viewed from above the cooling fan 16. The plurality 
of reversed fins 28 extend from a plurality of roots 52 
positioned a root radius r from the central axis 14 to a 
plurality of tips 56 positioned a tip radius t from the central 
axis 14. The tip radius t is greater than the outer band radius 
125 such that the plurality of tips 56 protrude further radially 
outward from the central axis 14 than the band 32. In some 
embodiments, the plurality of roots 52 are spaced from the 
central axis 14 and define a cavity. In some embodiments, 
the plate 20 and the plurality of reversed fins 28 are 
integrally formed and define a single unitary body. 
0030 Referring specifically to FIG. 6A, the cooling fan 
16 is shown to include twenty fins 28. In other embodiments, 
the cooling fan 16 includes more or fewer fins. The plurality 
offins 28 may have a thickness that is increased or decreased 
depending on the number of fins 28. For example, the 
plurality of fins 28 may have a minimum or maximum 
weight requirement, and the thickness of the fins 28 may be 
altered to meet Such a weight requirement. Alternatively, in 
some embodiments, the thickness of the fins 28 is held 
constant, and the number offins 28 is modified to meet such 
a weight requirement. In some embodiments, the fins 28 
have at least one of the same length, the same curvature, and 
the same shape. 
0031 Referring specifically to FIG. 6B, a top view of the 
cooling fan 16 is shown, and the plurality of fins 28 of the 
cooling fan 16 are spaced equally around a periphery of the 
plate 20. In embodiments where the cooling fan 16 includes 
twenty fins 28, the fins 28 may be spaced apart by 18 
degrees. In other embodiments, the fins 28 are non-uni 
formly spaced. In some embodiments, at least one of the 
number and the spacing of the fins 28 decreases the blade 
pass frequency thereby reducing the noise generated by 
blade pass. 



US 2016/0312684 A1 

0032 Referring to FIG. 6D and 6E, in some embodi 
ments, a first subset 29 of the plurality of reversed fins 28 
extends below the lower surface 22 of the plate 20, and a 
second subset 30 of the plurality of reversed fins 28 extends 
to a plurality of points that are flush with the lower surface 
22 of the plate 20. In other embodiments, the fins 28 all 
extend below the lower surface 22. In still other embodi 
ments, the reversed fins 28 all extend to a plurality of points 
that are flush with the lower surface 22. 

0033 Referring to FIG. 7A, a fin 28 of the cooling fan 16 
is shown that includes a first edge 54, a second edge 57, a 
third edge 58 adjoining the second edge 57, and a fourth 
edge 59 adjoining the third edge 58. The fin also includes a 
root 52 positioned a root radius r from the central axis 14, 
and a tip 56 positioned a tip radius t from the central axis 14. 
The third edge 58 is angularly offset by an angle B from the 
second edge 57. In one embodiment, angle B is between 150 
degrees and 180 degrees (e.g., 167 degrees, etc.). The fourth 
edge 59 is angularly offset by an angle C. from the plate 20. 
In one embodiment, angle a is no more than 30 degrees (e.g., 
15 degrees, etc.). The first edge 54 is angularly offset by an 
angle Y from the second edge 57. In some embodiments, the 
angle Y is 90 degrees. At least one of the angles C. B. and Y 
are specified to reduce noise (e.g., by reducing turbulence 
caused by rotation of the cooling fan, by reducing blade pass 
frequency, etc.). 
0034) Referring to FIG. 7B, a fin 28 is shown that 
includes an edge 54, a tip 56', and an edge 59'. The fin 
includes a root 52 positioned a root radius r from the central 
axis 14, and the tip 56' is positioned a tip radius t from the 
central axis 14. The edge 59' is angularly offset by an angle 
C. from the plate 20. In one embodiment, angle C. is no more 
than 30 degrees (e.g., 15 degrees, etc.). The edge 54 is 
angularly offset by an angle Y from the tip 56'. In one 
embodiment, angle Y is no more than 90 degrees (e.g., 45 
degrees, 60 degrees, etc.). At least one of the angles C. and 
Y are specified to reduce noise (e.g., by reducing turbulence 
caused by rotation of the cooling fan, by reducing the blade 
pass frequency, etc.). In one embodiment, the tip 56' forms 
an edge have various portions that are spaced different 
distances from a housing 4 within which the cooling fan 16 
is disposed. By way of example, the housing 4 may have a 
vertical sidewall, and the angley may be specified such that 
the spacing between the tip 56' and the housing 4 varies 
according to a target profile along a height of the fin 28". As 
shown in FIG. 7B, the spacing between the tip 56' and the 
housing 4 varies linearly along the height of the fin 28". Such 
variation in the spacing between the tip 56' and the housing 
4 may further reduce noise by decreasing the blade pass 
frequency and the turbulence associated with rotation of the 
cooling fan 16. 
0035) Referring to FIG. 7C, a fin 28" is shown that 
includes a first edge 54, a second edge 55, a third edge 57. 
a fourth edge 58, and a fifth edge 59. The fin also includes 
a root 52 positioned a root radius r from the central axis 14, 
and a tip 56" positioned a tip radius t from the central axis 
14. The fifth edge 59 is angularly offset by an angle C. from 
the plate 20. In one embodiment, angle C. is no more than 30 
degrees (e.g., 15 degrees, etc.). The second edge 55 is 
angularly offset by an angle B from the third edge 57. In one 
embodiment, angle B is between 150 degrees and 180 
degrees (e.g., 167 degrees, etc.). The first edge 54 is angu 
larly offset by an angle 8 from the second edge 55. In one 
embodiment, angle 8 is greater than 90 degrees and less than 
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180 degrees (e.g., 120 degrees, 150 degrees, etc.). At least 
one of the angles C. B. Y, and ö are specified to reduce noise 
(e.g., by reducing turbulence caused by rotation of the 
cooling fan, by reducing the blade pass frequency, etc.). 
0036. The construction and arrangement of the apparatus, 
systems, and methods as shown in the various exemplary 
embodiments are illustrative only. Although only a few 
embodiments have been described in detail in this disclo 
Sure, many modifications are possible (e.g., variations in 
size, dimensions, structures, shapes and proportions of the 
various elements, values of parameters, mounting arrange 
ments, use of materials, colors, orientations, etc.). For 
example, Some elements shown as integrally formed may be 
constructed from multiple parts or elements, the position of 
elements may be reversed or otherwise varied and the nature 
or number of discrete elements or positions may be altered 
or varied. Accordingly, all Such modifications are intended 
to be included within the scope of the present disclosure. The 
order or sequence of any process or method steps may be 
varied or re-sequenced according to alternative embodi 
ments. Other Substitutions, modifications, changes, and 
omissions may be made in the design, operating conditions 
and arrangement of the exemplary embodiments without 
departing from the scope of the present disclosure. 
What is claimed is: 
1. An engine assembly, comprising: 
a crankcase; 
a shaft coupled to the crankcase and defining a rotational 

axis; 
a housing having a sidewall that defines an internal space; 

and 
a cooling fan disposed at least partially within the internal 

space and coupled to the shaft, the cooling fan com 
prising: 
a plate defining an upper Surface and a lower Surface, 

wherein the plate is positioned to rotate with the 
shaft about the rotational axis; 

a band having an inner band radius and an outer band 
radius; and 

a plurality of reversed fins coupled to the band and 
extending from the upper Surface of the plate, the 
plurality of reversed fins extending radially outward 
from the rotational axis along a plurality of paths that 
are concave relative to a clockwise direction when 
viewed from above the cooling fan, 

wherein the plurality of reversed fins extend further 
radially outward from the rotational axis than the 
band. 

2. The engine assembly of claim 1, wherein the plurality 
of reversed fins include a plurality of roots that are spaced 
from the rotational axis and define a cavity that is disposed 
above the plate. 

3. The engine assembly of claim 2, wherein the plurality 
of reversed fins include a plurality of tips that are spaced a 
distance of not more than 2 inches from the sidewall of the 
housing. 

4. The engine assembly of claim 3, wherein the plurality 
of tips are spaced a distance of about 0.75 inches from the 
sidewall of the housing. 

5. The engine assembly of claim 3, further comprising a 
screen coupled to the cooling fan and disposed above the 
plurality of reversed fins, the screen including a hub posi 
tioned orthogonal to the rotational axis and a plurality of 
blades extending radially outward from the hub. 
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6. The engine assembly of claim 5, wherein the plurality 
of blades comprise a plurality of airfoils having sharpened 
leading edges. 

7. The engine assembly of claim 5, wherein the cooling 
fan and the screen are integrally formed and define a single 
unitary body. 

8. The engine assembly of claim 1, further comprising a 
pair of pistons, a pair of cylinders in a V-twin configuration 
that receive the pair of pistons, and a crankshaft coupled to 
the pair of pistons and the shaft, wherein the crankshaft is 
configured to rotate in response to actuation of the pair of 
pistons to provide an output to rotate the shaft. 

9. A fan assembly, comprising: 
a cooling fan defining a central axis, the cooling fan 

including: 
a plate defining an upper Surface and a lower Surface; 
a band having an inner band radius and an outer band 

radius; and 
a plurality of reversed fins coupled to the band and 

extending from the upper Surface of the plate, the 
plurality of reversed fins extending radially outward 
from the central axis along a plurality of paths that 
are concave relative to a clockwise direction when 
viewed from above the cooling fan, 

wherein the plurality of reversed fins extend to a 
plurality of tips that are positioned further radially 
outward from the central axis than the band; and 

a screen coupled to the cooling fan and disposed along the 
plurality of reversed fins, the screen including: 
a hub positioned orthogonal to the central axis; and 
a plurality of blades extending radially outward from 

the hub, wherein a leading edge is the thinnest 
cross-sectional portion of each of the plurality of 
blades. 

10. The fan assembly of claim 9, wherein the plurality of 
reversed fins include a plurality of roots that are spaced from 
the central axis and define a cavity that is disposed between 
the plate and the screen. 

11. The fan assembly of claim 9, wherein the cooling fan 
and the screen are integrally formed and define a single 
unitary body. 

12. The fan assembly of claim 9, wherein the plurality of 
reversed fins are spaced equally around a periphery of the 
plate. 
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13. The fan assembly of claim 9, wherein the plurality of 
reversed fins includes 20 fins. 

14. A cooling fan, comprising: 
a plate having an upper Surface and a lower Surface and 

defining a central axis; 
a band having an inner band radius and an outer band 

radius; and 
a plurality of reversed fins coupled to the band and 

extending from the upper Surface of the plate, the 
plurality of reversed fins extending radially outward 
from the central axis along a plurality of paths that are 
concave relative to a clockwise direction when viewed 
from above the cooling fan, 

wherein the plurality of reversed fins extend from a 
plurality of roots positioned a root radius from the 
central axis to a plurality of tips positioned a tip radius 
from the central axis, 

wherein the tip radius is greater than the outer band radius 
such that the plurality of tips protrude further radially 
outward from the central axis than the band. 

15. The cooling fan of claim 14, wherein the plurality of 
roots are spaced from the central axis and define a cavity. 

16. The cooling fan of claim 14, wherein the plate and the 
plurality of reversed fins are integrally formed and define a 
single unitary body. 

17. The cooling fan of claim 14, wherein the plurality of 
reversed fins are spaced equally around a periphery of the 
plate. 

18. The cooling fan of claim 17, wherein the plurality of 
reversed fins includes 20 fins. 

19. The cooling fan of claim 14, wherein a first subset of 
the plurality of reversed fins extend below the lower surface 
of the plate, and wherein a second subset of the plurality of 
reversed fins extend to a plurality of points that are flush 
with the lower surface of the plate. 

20. The cooling fan of claim 14, wherein each of the 
plurality of tips include a first edge, a second edge adjoining 
the first edge, and a third edge adjoining the second edge, 
wherein the second edge is angularly offset between 150 and 
180 degrees from the first edge, and wherein the third edge 
is angularly offset no more than 30 degrees from the plate. 

k k k k k 


