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This invention relates to impellers or fans, ca 
pable of general use but particularly intended 
for the circulation of air, and has particular ref 
erence to an impeller or fan of the type dis 
closed in the application of Franz J. Kurth and 
myself, Serial No. 107,762, filed October 27, 1936, 
(now Patent No. 2,153,576, dated April 11, 1939) 
and represents a carrying forward of the inven 
tion disclosed in said prior application. o 
One important object of the invention is to 

provide an impeller or fan embodying a con 
struction such that, for any given number of 
blades of any given length and width rotating 
at any given speed, the propulsion effect is ex 
ceptionally high. - 
Another important object of the invention is 

to provide an impeller or fan embodying blades 
So designed as to produce substantially equal 
propulsion effects throughout their lengths, or at 
least to produce exceptionally strong propulsion 
effects in the regions of their inner ends com 
mensurate with the propulsion effects produced 
by their outer end portions. 
Another important object of the invention is 

to provide an impeller or fan for use in special 
instances and embodying blades so designed as 
to direct air toward a prolongation of the axis 
of the impeller or fan, as distinguished from di 
recting the air parallel to said axis or out 
Wardly with respect thereto. 
Another special object of the invention is to 

provide a novel method of manufacturing impel 
lers or fans of the present general type in a 
simple, practical and economical manner. 
With the foregoing and other objects in view, 

which will become more fully apparent as the 
nature of the invention is better understood, the 
same consists in an impeller or fan embodying 
the novel combination and arrangement of fea 
tures, and in the novel production method, as 
will be hereinafter more fully described, illus 
trated in the accompanying drawings and de 
fined in the appended claims. 
In the accompanying drawings, wherein like 

characters of reference denote corresponding 
parts in related views: . 

Figure 1 is an end elevation of an impeller or 
fan constructed in accordance with one practi 
cal embodiment of the invention. 
Figure 2 is a plan view of the impeller or fan 

shown in Fig. 1. 
Figure 3 is a view similar to Fig. 2 illustrating 

an alternative embodiment of the invention. 
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another alternative embodiment of the inven 
tion. 

Figure 5 is a plan view, of the impeller or fan 
shown in Fig. 4. 
-Figure 6 is another view similar to Fig. 1 illus 

trating another alternative embodiment of the 
invention. 

Figure 7 is a plan view of the impeller or fa 
shown in Fig. 6. 

Figure 8 is a plan view illustrating the manner 
of cutting a blank of sheet material in accord 
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ance with the first step of the present method 
of forming a fan of the present type; and 

Figures 9 and 10 are plan views illustrating 
Subsequent steps of the present method. 

Referring to the drawings in detail, first with 
particular reference to the embodiment of the 
invention illustrated in Figs. 1 and 2, A desig 
nates a cylindrical hub and B designates blade 
units carried by said hub and equidistantly 
spaced apart therearound. 
In acCordance with the invention each blade 

unit B comprises a pair of blades 0 and 
which may be formed in any suitable manner. 
For example, said blades may be molded from 
any suitable material or they may be formed 
from elongated strips of sheet metal or other 
suitable sheet material by bending said strips 
intermediately upon themselves along lines at 
right angles thereto into approximately V-shape. 
In any event, the blades of each pair are con 
nected together at their outer ends and diverge 
relative to each other toward their inner ends 
where they may be fastened in any suitable man 
ner to the hub A. : 
At their inner ends the blades 0 and of 

each pair are spaced apart lonigtudinally along 
the hub A and also circumferentially around said 
hub, as illustrated in Fig. 2 of the drawings. 
The result is that the said blades of each pair 
are disposed diagonally with respect to a plane 
at right angles to the axis of the hub, or, in other 
words, diagonally with respect to the plane of 
rotation of the fan. Moreover, the inner ends 
of the blades G and of adjacent blade units 
B are allined, or approximately allined, with each 
other longitudinally of the hub A. 

Because of the described dual fan blade ar 
rangement in which the blades at the receiving 
end of the fan slope outwardly toward the 
blades at the delivery end of the fan and the 
blades at the delivery end of the fan slope out 
wardly toward the blades at the receiving end 
of the fan, and in which the spaces between the 

Figure 4 is a view similar to Fig. 1 illustrating 55 blades of each pair are closed at their outer ends, 



2 
and in which the blades are disposed diagonally 
to the plane of rotation of the fan, with the 
blades O and of adjacent blade units alined, 
or approximately alined, longitudinally of the 
hub A, and the blades 0 alined with each other 
annularly of the fan and offset, longitudinally of 
the fan, relative to the blades which likewise 
are alined with each other annularly of the fan, 
rotation of the fan results in air first being 
acted upon by the blades at the receiving end 
of the fan and having an initial impulse in 
parted thereto, and then being acted upon by the 
blades at the delivery end of the fan and hav 
ing a final impulse or boost imparted thereto. 
At the same time, due to the spaces between 
the blades of each unit being closed at their 
outer ends, the air acted upon by the blades at 
the receiving end of the fan is restrained against 
outward flow. The ultimate result is that for 
a fan having any given number of blades of any 
given length and width rotating at any given 
speed, the propulsion effect is exceptionally 
high. 
According to the embodiment of the invention 

illustrated in Fig. 3 of the drawings, two sets 
of blade units B, B, each duplicating the single 
set of blade units B shown in FigS. 1 and 2, are 
combined with each other in a novel manner. 
In other words, the two sets of blade units B 
are spaced apart longitudinally of the fan, pref 
erably, but not necessarily, with corresponding 
blades of corresponding units of the two Sets 
alined with each other longitudinally of the fan 
and, in any event, with the inner blades of the 
units of each set disposed, longitudinally of the 
fan, preferably midway, or approximately mid 
Way, between the blades of the units of the other 
set. In this case the operation of the fan is the 
same as in the case of the fan shown in Figs. 1 
and 2, but due to the two sets of blade units 
the propulsion effect of the fan is greatly in 
creased. 
According to the embodiment of the inven 

tion illustrated in Figs. 4 and 5 of the draw 
ings the construction is similar to the con 
struction illustrated in Figs. 1 and 2 in that 
a hub A3 is provided with blade units B each 
comprising a pair of blades for and a disposed 
relative to each other and to the hub A3 in the 
same general manner as the blades 0 and 
of the FigS. 1 and 2 construction are disposed rel 
ative to each other and to the hub A. However, 
as distinguished from the Figs. 1 and 2 construc 
tion wherein the blades 0 and have the same 
diagonal relationship or pitch throughout their 
lengths to the plane of rotation of the fan, the 
blades Oa, f of the Figs. 4 and 5 construction 
have different diagonal relationships or pitch, at 
points spaced along their lengths, to the plane 
of rotation of the fan. In other words, the an 
gularity or pitch of the blades fos, a with re 
Spect to the plane of rotation of the fan progres 
sively increases toward the inner ends of said 
blades. Thus, since the velocity of the blades 
progressively increases toward their outer ends 
and progressively decreases toward their inner 
ends, and since the pitch of said blades progres 
sively decreases toward their outer ends and 
progressively increases toward their inner ends, 
the result is that the pressure effect of the 
blades upon the air progressively decreases to 
Ward the Outer ends of the blades and progres 
sively increases toward the inner ends of the 
blades. Consequently, the air flow produced by 
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the blades is approximately uniform through 
Out the length of the blades. 
As further distinguished from the blade ar 

rangement of the FigS. 1 and 2 construction, the 
blades 0, of adjacent blade units of the 
Figs. 4 and 5 construction are not alined longi 
tudinally of the fan. On the contrary, the lead 
ing edges of the leading blades and the trailing 
edges of the trailing blades of adjacent blade 
units B are, at their inner ends, disposed ap 
proximately in common radial planes and ap 
proximately in a single plane parallel to the 
plane of rotation of the fan. In other words, 
the leading edges of the leading blades and the 
trailing edges of the trailing blades of adjacent 
blade units B are disposed approximately in cor 
ner to corner relationship at their inner ends 
Where they intersect the hub A3. Annularly of 
the fan the leading blades are alined with each 
other and the trailing blades are alined with 
each other, but the leading blades are offset lon 
gitudinally of the fan relative to the trailing 
blades in the direction of flow of the impelled 
air. Thus, the air impulsed by the trailing 
blades is given a final impulse or boost by the 
leading blades. This will be apparent from Fig. 5 
of the drawings wherein the leading and trailing 
blades are designated as 08 and lia, respectively, 
and wherein the arrows a and b indicate, re 
Spectively, the direction of rotation of the fan 
and the direction of the air flow produced by 
the fan. 
According to the embodiment of the invention 

illustrated in Figs. 6 and 7 of the drawings, 
wherein the hub is designated as A4 and the 
blade units as B, the construction is the same 
as illustrated in Figs. 4 and 5, except that the 
blades, designated as Ob, b, are peculiarly 
shaped to direct part of the impelled air to 
Ward a prolongation of the axis of rotation of the 
fan. In other words, the pitch of the side por 
tions 2 of the blades Ob, if b is greater than the 
pitch of the medial portions 3 of said blades. 
Moreover, the side portions 2 are of greatest 
Width at the inner ends of the blades and grad 
ually decrease in width outwardly, finally merg 
ing with the medial portions of the blades near 
the Outer ends of the latter. As the blades ro 
tate, these blade side portions 2 of substan 
tially triangular shape and of increasing width 
inwardly and of greater pitch at all points in 
their lengths than the portions of the blades 
therebetween, serve to produce, toward the inner 
ends of the blades, progressively greater pressure 
effects upon the impelled air than is produced 
by the portions of the blades between said por 
tions f2. Consequently, a portion of the im 
pelled air is, as aforesaid, directed toward a pro 
longation of the axis of rotation of the fan, 
which is of advantage in many instances, as, for 
example, where it is desired that there shall not 
be a rapid spreading or diffusion of the impelled 
air, but that the air shall be impelled in the 
form of a strong, elongated current of small 
transverse dimension. w 
The blades of a fan constructed in accord 

ance with the invention may, as aforesaid, be 
formed in any suitable manner from any suit 
able material and may be attached to a hub in 
any suitable or desired manner. It has been 
found, however, that the hub and the blades of 
a fan of the present type may be produced as a 
One-piece unit very economically and satisfac 
torily from a single piece of sheet metal or other 
Suitable sheet material by a simple method in 
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volving first cutting and slitting a blank of sheet 
material and then manipulating said blank to 
provide the hub and the blades of the, fan. 

In carrying out the present method a strip 
S of sheet material of suitable width and length 
first is cut and slitted as shown in Fig. 8 of the 
drawings to provide the blades and the hub of 
the fan in developed form. In other words, the 
strip of sheet material is cut and slitted to pro 
vide a series of the fan blades 4 in developed, 
side to side relationship joined together at their 
ends by two side marginal, band-like portions 5 
of the strip. The strip then is bent into cylin 
drical form, either around a mandrel 6 as illus 
trated in Fig. 9 of the drawings, or in any other 
suitable manner, and its ends then are suitably 
fastened together. The diameter of the cylinder 
is, of course, predetermined so that the blades 
will be evenly spaced therearound. The band 
like portions fs then are moved toward one an 
other, which results in the blades being bulged 
outwardly into substantially V-shape, outward 
bulging of said blades being initiated and con 
trolled in any suitable manner. So that when 
movement of the band-like portions 5 toward 
One another is completed the blades will have 
desired final form and desired final disposition 
relative to each other and to the hub comprised 
by the two band-like portions 5, as illustrated 
in Fig. i0 of the drawings. Thereafter, if nec 
essary of desirable, a sleeve may be inserted in 
the band-like portions 5 and said portions may 
be fastened to said sleeve in any desired manner 
to impart increased rigidity, stability and 
strength to the hub; or, alternatively, any other 
Suitable means in lieu of a sleeve may be em 
ployed to securely hold the band-like portions 5 
in their final positions. In some cases it may 
be necessary or desirable to rotate the band-like 
portions f4 relative to one another to assist in 
imparting, or in permitting to be imparted, de 
sired shape to the blades, and that procedure is, 
of course, contemplated by the invention. 
From the foregoing description considered in 

connection with the accompanying drawings it 
is believed that the construction and Operation 
of a fan constructed in accordance with the in 
vention, as well as the present advantageous 
method of producing a fan of the present type, 
will be clearly understood. It is desired to point 
out, however, that while only certain specific em 
bodiments of fans constructed in accordance 
with the invention, and only a single, Specific 
method of producing such a fan, have been illus 
trated and described, the invention, both in re 
spect to the fan and the method, is not neces 
sarily as herein illustrated and described, but is 
readily capable of modifications and changes 
within its spirit and scope as defined in the 
appended claims. 

I claim: 
1. A fan comprising a hub and a first series 

of pairs of blades extending outwardly from Said 
hub, the blades of each pair converging toward 
and being joined together at their outer ends, 
said blades being disposed diagonally relative to 
the plane of rotation of the fan, the inner ends 
of the blades of each pair being Spaced apart 
both forwardly and rearwardly and annularly 
relative to said hub, and a second series of pairs 
of blades duplicating said first series, the forward 
blades of the rear series being disposed rear 
wardly of the forward blades and forwardly of the 
rear blades of the forward Series, and the rear 
blades of the forward series being disposed for 
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3 
wardly of the rear blades and rearwardly of the 
forward blades of the rear series. 

2. A fan comprising a hub and a first series 
of pairs of blades extending outwardly from said 
hub, the blades of each pair converging toward 
and being joined together at their outer ends, 
Said blades being disposed diagonally relative to 
the plane of rotation of the fan, the inner ends 
of the blades of each pair being spaced apart 
both forwardly and rearwardly and annularly 
relative to said hub, and a second series of pairs 
of blades duplicating said first series, the for 
Ward blades of the rear series being disposed 
rearwardly of the forward-blades and forwardly 
of the rear blades of the forward series, and the 
rear blades of the forward series being disposed 
forwardly of the rear blades and rearwardly of 
the forward blades of the rear series, and corres 
ponding blades of the pairs of the two series 
being approximately alined with each other lon 
gitudinally of the fan. 

3. A fan comprising a hub and pairs of blades 
extending outwardly from said hub, the blades 
of each pair converging toward and being joined 
together at their outer end, said blades being 
disposed diagonally relative to the plane of ro 
tation of the fan, the inner ends of the blades 
of each pair being spaced apart both longitudi 
nally and annularly relative to said hub, the pitch 
of each blade progressively increasing from the 
Outer end of the blade to its inner end. 

4. A fan comprising a hub and pairs of blades - 
extending outwardly from said hub, the blades of 
each pair converging toward and being joined to 
gether at their outer ends, said blades being dis 
posed diagonally relative to the plane of rotation 
of the fan, the inner ends of the blades of each 
pair being spaced apart both longitudinally and 
annularly relative to said hub, the pitch of each 
blade progressively increasing from the outer end 
of the blade to its inner end, and the leading edge 
of the leading blade and the trailing edge of the 
trailing blade of adjacent pairs of blades being 
disposed approximately in corner to corner rela 
tionship at their inner ends. 

5. A fan comprising a hub and pairs of blades 
extending outwardly from said hub, the blades of 
each pair converging toward and being joined to 
gether at their outer ends, said blades being dis 
posed diagonally relative to the plane of rotation 
of the fan, the inner ends of the blades of each 
pair being spaced apart both longitudinally and 
annularly relative to said hub, the pitch of each . 
blade progressively increasing from the outer end 
of the blade to its inner end, the leading blade 
of each pair, as regards the direction of rotation 
of the fan, being disposed rearwardly of the 
trailing blade of the next adjacent forwardly-dis 
posed pair of blades, and the leading edges of 
the leading blades and the trailing edges of the 
trailing blades intersecting the hub in approxi 
mately a common plane parallel to the plane of 
rotation of the fan. - . 

6. A fan comprising a hub and pairs of blades 
extending outWardly from said hub, the blades of 
each pair converging toward and being joined to 
gether at their outer ends, said blades being dis 
posed diagonally relative to the plane of rotation 
of the fan, the inner ends of the blades of each 
pair being spaced apart both longitudinally and 
annularly relative to said hub, the side marginal 
portions of said blades having greater pitch than 
the portions of said blades between said side mar 
ginal portions. 

7. A fan comprising a hub and pairs of blades 



4. 
extending outwardly from said hub, the blades of 
each pair converging toward and being joined to 
gether at their outer ends, said blades being dis 
posed diagonally relative to the plane of rotation 
of the fan, the inner ends of the blades of each 
pair being spaced apart both longitudinally and 
annularly relative to said hub, the pitch of each 
blade progressively increasing from the outer end 
of the blade to its inner end, and the side mar 
ginal portions of said blades having greater pitch 
than the portions of said blades between said side 
marginal portions. 

8. A fan comprising a hub and pairs of blades. 
extending outwardly from said hub, the blades of 
each pair converging toward and being joined 
together at their outer ends, Said blades being 
disposed diagonally relative to the plane of rota 
tion of the fan, the inner ends of the blades of 
each pair being spaced apart both longitudinally 
and annularly relative to Said hub, the Side mar 
ginal portions of said blades having greater pitch 
than the portions of said blades between said side 
marginal portions, the said blade side marginal 
portions of greater pitch than the blade por 
tions therebetween being of decreasing width 
toward the outer ends of the blades. 

9. A fan comprising a hub and pairs of blades 
extending outwardly from said hub, the blades 
of each pair converging toward and being joined 
together at their outer ends, said blades being 
disposed diagonally relative to the plane of rota 
tion of the fan, the inner ends of the blades of 
each pair being spaced apart both longitudinally 
and annularly relative to said hub, the side mar 
ginal portions of said blades having greater pitch 
than the portions of said blades between said side 
marginal portions, the said blade side marginal 
portions of greater pitch than the blade portions 
therebetween being of decreasing pitch toward 
the outer ends of the blades. 

10. A fan comprising a hub and pairs of blades 
extending outwardly from Said hub, the blades 
of each pair converging toward and being joined 
together at their outer ends, said blades being 
disposed diagonally relative to the plane of rota 
tion of the fan, the inner ends of the blades of 
each pair being spaced apart both longitudinally 
and annularly relative to said hub, the Side mar 
ginal portions of said blades having greater pitch 
than the portions of said blades between said side : 
marginal portions, the said blade side marginal 
portions of greater pitch than the blade portions 
therebetween being of decreasing width and also 
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of decreasing angularity to the plane of rotation 
of the fan toward the Outer ends of the blades. 

11. A fan comprising a hub and pairs of blades 
extending outwardly from said hub, the blades of 
each pair converging toward and being joined to 
gether at their outer ends, said blades being 
disposed diagonally relative to the plane of rota 
tion of the fan, the inner ends of the blades of 
each pair being spaced apart both longitudinally 
and annularly relative to said hub, the pitch of 
each blade progressively increasing from the 
outer end of the blade to its inner end, and the 
side marginal portions of said blades having 
greater pitch than the portions of said blades 
between said side marginal portions, the said 
blade side marginal portions of greater pitch than 
the blade portions therebetween being of decreas 
ing width toward the outer ends of the blades. 

12. A fan comprising a hub and pairs of blades 
extending outwardly from said hub, the blades 
of each pair converging toward and being joined 
together at their outer ends, said blades being 
disposed diagonally relative to the plane of rota 
tion of the fan, the inner ends of the blades of 
each pair being Spaced apart both longitudinally 
and annularly relative to said hub, the pitch of 
each blade progressively increasing from the outer 
end of the blade to its inner end, and the side 
marginal portions of said blades having greater 
pitch than the portions of said blades between 
Said Side marginal portions, the said blade side 
marginal portions of greater pitch than the blade 

... portions therebetween being of decreasing pitch 
toward the outer ends of the blades. 

13. A fan comprising a hub and pairs of blades 
extending outwardly from said hub, the blades 
of each pair converging toward and being joined 
together at their outer ends, said blades being 
disposed diagonally relative to the plane of rota 
tion of the fan, the inner ends of the blades of 
each pair being Spaced apart both longitudinally 
and annularly relative to said hub, the pitch of 
each blade progressively increasing from the 
Outer end of the blade to its inner end, and the 
Side marginal portions of said blades having 
greater pitch than the portions of said blades be 
tween said side marginal portions, the said blade 
side marginal portions of greater pitch than the 
blade portions therebetween being of decreasing 
Width and also of decreasing pitch toward the 
outer ends of the blades. 

FRIEDRICH HONERKAMP. 


