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8 Claims. (CI. 170-159) 
My invention relates to fans or fan wheels and 

particularly to the blades or propeller members 
which constitute a part of such devices. 
As is well known in the art, the constantly in 

creasing use of fans for exhausting and circulat 
ing air and for producing air movement within air 
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conditioners, refrigerators, and similar devices, 
especially those used in homes and offices, has 
produced a need for fans which shall not only 
be efficient in operation but which, in addition, 
shall operate very quietly. In fact, so important 
is the quietness of these devices that their ac 
ceptance and use depends largely upon the free 
dom from noise which characterizes the Opera 
tion of the fan portion thereof. 
The principal object of the present invention, 

therefore, is to produce a fan wheel which shall 
be extremely quiet in operation while at the same 
time being reasonably eficient for its intended 
purpose. It is also an object of my invention to 
produce a fan wheel in accordance with the above 
stated principal object which shall be relatively 
simple in design and economical to manufacture. 
Other objects of my invention and the various ad 
vantages of my improved fan wheel will be made 
more apparent by reference to the accompanying 
drawings and the following description of one 
preferred embodiment thereof. In the draw 
ingS 

Figure 1 is a front or plan view of a three 
bladed fan wheel embodying the features of the 
present invention; 

Figure 2 is a side elevational view of the fan 
wheel appearing in Figure 1, the view being taken 
transversely of the axis of rotation of the fan 
Wheel; 

Figure 3 is a perspective view of the Spider con 
stituting a part of the fan wheel illustrated in 
Figures 1 and 2; 
Figure 4 is a cross sectional view taken. On the 

line 4-4 of Figure l; 
Figure 5 is a cross Sectional view taken on the 

radial 5-5 of Figure 1; 
Figure 6 is a front or plan view illustrating the 

geometric development of the outline of one of 
the individual blades of the fan wheel illustrated 
in Figures 1 and 2; 

Figure 7 is a side elevational view illustratin 
the geometric development of the contour of one 
of the individual blades' of the fan wheel illus 
trated in Figures 1 and 2; and 

Figures 8 and 8 are geometric developments of 
the outer edge portion of the fan blade illustrated 
in Figures 4 and 5. 
The fan wheel illustrated in the drawings in 

cludes three symmetrically positioned blades 9 
each of which is riveted or otherwise securely at 
tached to one of the blade mounting arms of 
a spider 3 which is illustrated particularly in 
Figure 3. The spider 3 includes a hub 5 and a 
reduced end portion 5' on which is tightly fitted 
the hub of the three, symmetrically arranged 
blade mounting arms f f which may conveniently 
Comprise a unitary stamping, the projecting end 
of the reduced hub portion 5' being swaged over 
as shown at 5' to lock the spider on the hub. 

In Order to provide the necessary angular dis 
placement of the fan blades relative to the axis 
of rotation of the fan wheel, each of the blade 
mounting arms is bent along a radial edge 
as illustrated in Figure 3. The angle P thus 
formed between the forward surface of each of 
the blade supporting portions and a plane 
normal to the axis of rotation of the fan wheel 
defines the angle of pitch of the blades. Under 
Ordinary circumstances, the angle of pitch of 
the blades will lie within the range of about 7 to 
35 degrees. The hub 5 is drilled as illustrated at 

to receive the drive shaft of a fan motor or 
other driving means for the fan which may con 
veniently be provided with a suitable set screw 
9 or other keying means. 
The improved operation of the fan wheel of 

my invention results from the novel outline and 
contour of the fan blades. The outer convex 
peripheral edge A of each of the blades 9 is in 
the form of an arc having a radius substantially 
equal to One-half the normal or effective diameter 
of the fan wheel, and the blades 9 are so sup 
ported upon the mounting arms f of the spider 
3 that the entire peripheral edge of each blade 

will be as nearly as possible at a constant distance 
from the axis of rotation of the fan wheel at 
all times. 
sharply concaved and is defined by a complex 
curve described by four different radii, as illus 
trated in Figure 6. The arcuate convex periph 
eral edgeA and the concave leading edge B inter 
sect to form a sharply tapering pointed tip por 
tion 2, and the investigations which I have 
made show very definitely that it is necessary 
that the tip portion 2 shall be made as sharp 
as possible, consistent with safe operation of 
the fan, and shall be located at the periphery 
or maximum circumference of rotation of the fan 
wheel. The trailing edge D of the blade is sharply 
convex and is in the form of a complex curve 
defined by two differing radii as illustrated in 
Figure 6. 
The surface portion F of each of the blades 

The leading edge B of the blade is 
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2 
intermediate the leading edge B and the dot 
and dash line 25 (Figure 6) is flat, and in the 
assembled fan wheel this flat portion is held 
in contact, as by rivets 22, with the forward Sur 
face of the cooperating blade mounting arms ff. 
The peripheral edge surface portion G (which 
is defined by the peripheral edge A, the outward 
part of the dot and dash line 25, and the dash 
line 27) and the trailing edge surface portion H 
(which is defined by the trailing edge D, the 
straight part of the dot and dash line 25, and 
the dash line 27) of each of the blades are curved 
in the direction of air movement, the amount of 
curvature increasing uniformly in a rearward 
direction from the tip 2 along the entire periph 
eral edge A and preferably along at least the 
greater portion of the trailing edge D. It might 
be said, therefore, that each of the blades of the 
fan wheel of the present invention comprises a 
member having an arcuate peripheral edge A, a 
sharply concave leading edge B, a sharply convex 
trailing edge D, a flat portion F of Substantial 
area extending rearwardly from the leading edge, 
and angularly disposed relative to the plane of 
rotation of the fan wheel, and curved edge por 
tions G and H disposed between the flat portion 
F and the peripheral and trailing edges, the 
amount of curvature of these edge portions COIl 
stantly increasing from the tip of the blade to 
at least the mid point T of the trailing edge D. 
The exact geometric development of the con 

tour and outline of the blades 9 is illustrated 
in Figures 4 to 8 and 8. To facilitate a better 
understanding of these views, the peripheral and 
trailing edges A and D of the blade have been ar 
bitrarily divided into twenty-six numbered sec 
tions of equal length, and the locations of the 
centers of the radii used in describing the com 
plex curves of the leading and trailing edges A 
and D have been laid out on the basis of the 
effective radius of the fan wheel which is equal 
to 0.507D, where D is the normal diameter of the 
fan wheel. 
The uniformly increasing curvature of the for 

wardly curving peripheral and trailing edge por 
tions G and H of the blade is illustrated partic 
ularly in Figures 7, 8, and 8. In these figures, 
each of the various numbered Ordinates 29 is 
representative of the forward displacement of the 
peripheral edge A and the trailing edge D of the 
blade relative to the plane of the flat portion F 
of the blade at the corresponding numbered point 
along those edges. . 

In the particular design illustrated in the 
drawings, the total forward displacement of the 
peripheral and trailing edges A and D increases 
uniformly from the tip of the blade to the heel 
portion of the blade at a rate equal to approx 
imately 4%% (see Figures 8 and 88). For fan 
wheels utilizing a standard number of blades, 
that is, two to twelve, this increase should be at 
a rate not less than 3% and not more than 7%. 
Preferably, the curvature of the edge portions G 
and H is arcuate in planes normal to the periph 
eral and trailing edges A and D of the fan wheel 
as illustrated at 3 in Figures 4 and 5, the radius 
X being Selected to produce a smooth curve 
tangent to the flat section F. 
While most quiet operation of the fan is ob 

tained when forward displacement or curvature 
of the peripheral edge portion G and the trailing 
edge portion H increases uniformly from the tip 
of the fan, i. e. the point of intersection of the 
leading and peripheral edges B and A to the heel 
portion of the blade, practical considerations in 

2,212,041 
the manufacture of fans, particularly those of 
the smaller type, usually require that the trailing 
edge adjacent the hub shall be cut away as at 
33 so as not to project beyond the hub. Tests 
indicate, however, that this uniformly increasing 
forward displacement or curvature of the pe 
ripheral and trailing edge portions should be 
continued at least to the mid point of the trail- . 
ing edge portion, the point T of Figures 4, 5 and 
8. At the point T the distance between the for 
Wardly curved edge of the blade and the plane 
of the flat portion F of the blade is equal to 
about One-tenth of the effective radius R of the 
blade. If the increasing forward displacement 
and curvature is continued at least to the point 
T, Substantially all of the advantages of the in 
vention will be accomplished, although a slight 
increase in the amount of air delivered by the 
fan wheel and a slight decrease in the amount 
of noise produced during the operation of the 
fan wheel will result if the increased curvature 
is extended over the entire trailing edge. 

For best results, in a three-blade fan the com 
bined area of the flat portion F, the peripheral 
edge portion G, and the trailing edge portion H 
of each individual blade should be substantially 
less than one-third of the total normal effective 
area of the fan wheel, which area is equal to the 
area of a circle having a diameter equal to the 
normal or effective diameter of the fan wheel. 
In the particular design illustrated in the draw 
ings, the total area of each fan blade is equal 
to approximately 26% of the total effective area 
of the fan, and tests indicate that for a three 
bladed construction the individual blade area 
should lie within the range of 22% to 29% of the 
total effective area of the fan wheel. 
AS has been indicated above, the design prin 

ciples of the present invention are applicable to 
the design of fan blades or fan wheels having 
from two to about twelve blades. In fan wheels 
having from two to twelve blades, the area of 
each blade should be somewhat less than 

N 

times the total effective circular area of the 
fan wheel, where N is the number of blades, and 
tests indicate that most satisfactory results are 
obtained if the area of the individual blades is 
equal to about 71% to 78% of the total blade 
area divided by the number of blades. In the 
design of blades for fan wheels having more than 
three blades, the various radii of Figure 6 will 
necessarily have to be modified to conform to 
the design principles disclosed. 

It should be noted that the leading tip portion 
2 of each of the blades is (1) sharply pointed, 
(2) located at the periphery or maximum cir 
cumference of rotation of the fan wheel, and (3) 
disposed approximately 90 ahead of the central 
blade radius (indicated by the straight portion 
of the line 25 in Fig. 6) or the line about which 
the blade is turned to determine the blade pitch. 
These are important features of the blade de 
sign of the present invention. The approximate 
90 lead of the blade tip reduces the pitch or en 
trance angle of that portion of the blade to al 
most Zero, with accompanying reduction in blade 
noise, and tests show that this reduction in blade 
noise is further augmented to a very substantial 
extent by the sharply pointed form of the blade 
and by the locating of the tip at the miximum cir 
cumference of rotation of the fan wheel. 
While best results are obtained if the peripheral 
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2,212,041 
edge portion G is curved in the direction of 
air movement throughout its entire length, some 
benefit over the prior art arrangements will re 
sult even when forward curving of the peripheral 
edge section is not carried completely to the tip 
of the blade. Although this blade form is not 
recommended, it may be used when economy of 
manufacture is a primary consideration. 
In the foregoing I have disclosed the features 

of a new and improved type of fan blade and fan 
wheel which will operate much more quietly than 
the prior art structures delivering the same 
amount of air. Moreover, fan wheels construct 
ed in accordance with my invention will be found 
to deliver as much or more air per unit of input 
power as the prior art arrangements. It will be 
evident to those skilled in the art that various 
sizes and types of fan wheels may be developed 
in accordance with the principles disclosed here 
in, and accordingly it is my desire that the ac 
companying claims shall be accorded the broad 
est reasonable construction consistent with the 
terms thereof and the prior art. 

I claim the following as my invention: 
1. In a fan wheel, a plurality of blades each 

of which has an arcuate peripheral edge disposed 
throughout its length at a uniform distance from 
the axis of rotation of said fan wheel, a sharply 

ate peripheral edge to produce a sharply pointed 
blade tip located at the periphery of said fan 
wheel, a sharply convex trailing edge, a flat por 
tion adjacent said leading edge and angularly dis 
posed relative to the plane of rotation of said 
fan wheel, and edge portions curved in the direc 
tion of air movement extending from said flat 
portion to said peripheral and said trailing edges. 

2. In a fan wheel, a plurality of blades each of 
which has a curved convex peripheral edge, a 
sharply concave leading edge which intersects 
said peripheral edge to produce a sharply pointed 
blade tip, a sharply convex trailing edge, a flat 
portion of substantial area extending rearwardly 
from said leading edge and angularly disposed 
relative to the plane of rotation of said fan 
wheel, and edge portions curved in the direction 
of air movement extending from said flat por 
tion to said peripheral and said trailing edges, 
the curvature of said edge portions increasing 
at a uniform rate along at least a substantial 
portion of the length of said peripheral edge and 
said trailing edge. 

3. In a fan wheel, a plurality of blades each of 
which has an arcuate convex peripheral edge 
disposed throughout its length at a uniform dis 
tance from the axis of rotation of said fan wheel, 
a sharply concave leading edge which intersects 
Said peripheral edge to produce a sharply point 
ed blade tip located at the periphery of said fan 
wheel, a sharply convex trailing edge, a flat por 
tion of substantial area extending rearwardly 
from Said leading edge and angularly disposed 
relative to the plane of rotation of said fan wheel, 
and edge portions curved in the direction of air 
movement extending from said flat portion to said 
peripheral and said trailing edges, the curvature 
and displacement of said edge portions relative 
to the plane of said flat portion increasing at a 
uniform rate from the tip of the blade to at 
least approximately the mid point of said trail 
ing edge. 

4. In a fan wheel, a plurality of blades each of 
which has an arcuate convex peripheral edge, a 
sharply concave leading edge which intersects 
said peripheral edge to produce a sharply point 

3 
ed blade tip, a sharply convex trailing edge, a 
flat portion of Substantial area, extending rear 
Wardly from Said leading edge and angularly dis 
posed relative to the plane of rotation of said 
fan wheel, and edge portions curved in the di 
rection of air movement extending from said flat 
portion to said peripheral and said trailing edges, 

s 

said edge portions being arcuate in planes nor- . 
mal to said peripheral and said trailing edges, 
and the displacement of said peripheral edge and 
Said trailing edge portions relative to the plane 
of Said flat portion increasing uniformly along at 
least a substantial portion of the length of said 
peripheral edge and said trailing edge. 

5. In a fan wheel, a plurality of blades each of 
which has an arcuate peripheral edge disposed 
throughout its length at a uniform distance from 
the axis of rotation of said fan wheel, a sharply 
concave leading edge which intersects said pe 
ripheral edge to produce a sharply pointed blade 
tip located at the periphery of said fan wheel, a 
sharply convex trailing edge, a flat portion of 
Substantial area extending rearwardly from said 
leading edge and angularly disposed relative to 
the plane of rotation of said wheel, and edge por 
tions curved in the direction of air mdvement 
extending from said flat portion to said peripher 
all and said trailing edges, said edge portions be 
ing arcuate in planes normal to said peripheral 
and Said trailing edges, and the displacement 
of Said peripheral edge and said trailing edge 
With respect to the plane of said flat portion 
increasing uniformly at a rate within the range 
of 3 to 7 per cent along at least a substantial por 
tion of the length of said peripheral edge and 
said trailing edge. 

6. In a fan wheel, a plurality of blades each of 
which has an arcuate peripheral edge disposed 
throughout its length at a uniform distance from 
the axis of rotation of said fan wheel, a sharply 
concave leading edge which intersects said pe 
ripheral edge to produce a sharply pointed blade 
tip located at the periphery of said fan wheel, a 
flat portion of substantial area extending rear 
Wardly from said leading edge and angularly dis 
posed relative to the plane of rotation of said 
wheel, and edge portions curved in the direction 
of air movement extending from said flat portion 
to said peripheral and said trailing edges, said 
edge portions being arcuate in planes normal to 
Said peripheral and said trailing edges, and the 
displacement of said peripheral edge and said 
trailing edge with respect to said flat portion 
increasing uniformly from the tip of the blade 
to at least approximately the mid point of said 
trailing edge at a rate within the range of 3 to 7 
per cent. 

7. In a fan wheel, a plurality of blades each 
of which has an arcuate peripheral edge disposed 
throughout its length at a uniform distance from 
the axis of rotation of said fan wheel, a sharply 
Concave leading edge which intersects said arcu 
ate peripheral edge to produce a sharply pointed 
blade tip located at the periphery of said fan 
wheel, a sharply convex trailing edge, a flat por 
tion adjacent said leading edge and angularly 
disposed relative to the plane of rotation of said 
fan wheel, edge portions curved in the direction 
of air movement extending from said flat portion 
to Said peripheral and said trailing edges, and 
Support means for said blades so arranged that 
each of said blade tips is disposed approximately 
90° ahead of the central radius of the blade of 
which it constitutes a part. 
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4. 
which has an arcuate peripheral edge disposed 
throughout its length at a uniform distance from 
the axis of rotation of said fan wheel, a sharply 
concave leading edge which intersects said arcu 
ate peripheral edge to produce a sharply pointed 
blade tip located at the periphery of said fan 
Wheel, a sharply convex trailing edge, a flat por 
tion of Substantial area extending rearwardly of 
said leading edge and angularly disposed rela 
tive to the plane of rotation of said fan wheel, 
edge portions curved in the direction of air 

2,212,041 
movement extending from said flat portion to said 
peripheral and said trailing edges, the curvature 
of Said edge portions increasing at a uniform rate 
along, at least, a substantial portion of the length 
of said peripheral edge and said trailing edge, 
and support means for said blades so arranged 
that each of said blade tips is disposed approxi 
mately 90 ahead of the central radius of the 
blade of which it constitutes a part. 
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