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My invention relates to rotary fans and
meore particularly to fans of the disk type.

The object of my invention is to provide
an efficient fan of the disk type for forcing

5 the air in a generally axial direction and
capable of developing high static pressures.

In disk fans of the prior art it has been
usual to design and mount each fan blade
“individually with little or no regard to the

10 actual behavior of the air currents and with-
out reference to any conjoint action between
the blades, and these prior fans are therefore
not adapted to produce effective pressure
against resistance. An object of my inven-

18 tion is to avoid objectionable waste of energy
and to attain a maximum effectiveness in the
application of the rotary energy of the fan
to the movement of the air and the develop-
ment of pressure overcoming resistance to the

- 20 air flow, : , :

In the fan of my invention, the blades are
formed and arranged to cooperate together
to move the air along smooth lines of flow

_and to receive the air between opposite sur-
25 faces of the blades so shaped and spaced as
-to give a maximum effectiveness in develop-
ing pressure against resistance, that is to de-
velop a relatively high static pressure between
the opposite sides of the fan.
Further objects and advantages of my in-
vention will be apparent by reference to the
- following specification and drawings, in
which . v
Fig. 1 is a plan view of a fan constructed
-5 in accordance with my invention.

Fig. 2 is a perspective view of the means
for assembling the individual blades with the
disk portion of the fan. v .

o . Fig. 8 is a development of the blades of
© the fan. . :

Fig. 4 is a plan view of a modification em-
bodying the invention., oo '

Fig. 5 is a sectional view of the fan shown

¢35 ‘nFig. 4 and illustrating the mounting of the
fan in a casing or channel. .

Fig. 6 is a development of the blades shown
in Figi 4. . :

Figs. 7 and 8 are sections on lines 7—7 and

.£> 8—38 of Fig. 4, and

S0

Fig. 9.is a detailed elevation of a blade.
In the embodiment of my invention shown
in Figs. 1, 2 and 8, a flat disk or boss 10 is
provided with a central hub 11 attached there-
to by means of rivets or bolts 12. Parallel 55
sided blades 13 are provided with extensions
14 welded at 15 to a ring 16 having the same
outer diameter as the disk 10 and extending
at right angles thereto. The blades 13 are
unshrouded, being attached to the ring and ‘so
spaced to provide open spaces at their tips
when viewed in'a plane perpendicular to the
axis of the fan as shown in Fig. 1. Rxtensions
14 are provided with sections 17 bent over the -
edge of the ring 16 and welded or otherwise 65
attached to the disk 10 at 18. The attaching
of the section 17 to the disk 10 provides a se-
curing means for attaching the ring 16 to the
disk 10. The blades are diagonal to the plane
of the disk 10 and are curved as shown in
Fig. 3. o .
~ In the embodiment of my invention illus-
trated in Figs. 4 to 9 inclusive, the fan F is

‘70

‘provided with a disk 20, from which extends

in a radial direction blades 21. The blades 21 75
are corrugated at 22 where they merge into
the disk 20 so as to provide a rigid connection
to overcome any strain on the blades, which
is greatest at this section of the fan.- The fan
is stamped and die-pressed out of a single
piece of sheet metal and can be mounted on
a fan hub 23 by means of screws or rivets 24.
A rotating shaft 25 provides a rotating means
for the fan. In Fig. 5 the fan is shown in’
a casing or channel where in practice it is
usually confined so as to develop a difference
In pressure on its opposite sides, as distin-
guished from free delivery. While the vol-
ume delivered by the fan will tend to increase
under free delivery, and as conditions of free
delivery are approached, my fan is particu- -
larly adapted to maintain efficiency with in-

‘crease in static pressure. As a consequence,

the pewer absorbed at constant speed is sub- .
stantially the same throughout the entire
range from free delivery when there is a mini-
mum resistance to no delivery when the flow
is blocked off and there is a maximum resist-
ance. : » '
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I have discovered that the efficiency of the
disk fan depends primarily on five features,
which are: L

A. Width ratio;

B. Blade spacing;

C. Blade angle;

D. Aspect ratio, and.

E. The size of the boss or disk from the

center to the inner portions of the
blades, t

and for efficient results the numerical values
of these quantities should lie within certain
limits. : . L

A. The “width ratio” is the ratio of the
width of the blades measured at any point
to the circuference through the point at which
the width is measured. Thusin the drawings
Fig. 9, w is the width of the blade, » is the
radius of the circle at which the width is

- measured, and » is the number of blades, and

25 .
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‘Width ratio =57

or to the extreme tip of the blade.

B. If all the blades of the fan are cut by
a cylinder of radius » having for its axis the
axis of the fan, a development of the blades
will be as shown in Fig. 6, and we have

Blade spacing =—Z%_:

in which

%= the perpendicular distance between the
chords of two consecutive blade sec-
. tioms. : :
w= the width of the blade.

C. The “blade angle” is the angle of the
blade to the plane of rotation, for example,
the angle b, Fig. 6, in which the arrow ¢ in-
dicates the direction of movement and the
plane of rotation. _ :

D. The “aspect ratio” is the ratio of the
length of the blade (from the tip to the boss)
to its greatest width. _ )

. _R
Aspect ratlo—ﬁ,;
in which K .
" R =total length of blade, and
Wo=maximum width of blade.”

E. The size of the boss or disk is to be con-
sidered as a certain proportion of the total
fan diameter.

In the course of extended investigation,

theoretically and practically, it has been.

- found that to obtain high efficiency the width

ratio should be not less than 0.8 or more than

1.2 approximately, the blade angle & should -

be not less than 15° nor more than 45°, the

The quantities # and 4 are not measured at -
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aspect ratio should be not less than 2.5 and

may be much higher, and the blade spacing

not less than 5 with vanes as shown in Fig.
6. The blade angle may be constant or vari-
able from one end of the blade to the other.
When the blade angle varies its minimum
and maximum value should be within the
limits mentioned. With the stated limits of
width ratio‘and aspect ratio the blades turn
out to be so spaced as to be not less than fifteen
in number. ‘ ' :

To illustrate the motion of the air through
the fan, we will take, for example, stream
line S, S’, which crosses the disk area at a
distance » from its axis. The fan by its ro-
tation produces a suction which creates the
motion of the air from S to 8’ (Fig. 5).
From the point S on the stream line remote
from the front of the fan to a point P, just
in front of the fan the velocity of the air

.increases and the pressure- decreases. ‘For
‘any stream line we can write, assuming the

air does not encounter any resistance

2 2
Po=P1+ 2% P1=P0—M-
A 2 - 2.
in which
Po=air 'pressure (static
Pp1=air pressure at P,.
v, =velocity at P,.
& =air density at P;.

pressure) at S.

If on its path from S to P, the air encount-
ers resistance then the air pressure at P, will
be decreased. B

The air passing from P, to P, on the same
stream line and behind the disk area of the

. fan, the actual component of the air velocity

(that is, the component of the air velocity
taken along the fan axis) can only vary
slightly because the area available for the
flow of air just in front of the fan and just
behind is practically identical. The air,
however, passing from P, to P, acquires a
rotational motion behind the fan, which ro-
tational motion constitutes a loss for the ven-
tilation phenomena. At point P,, therefore,

. the air velocity has practically the same ac-

tual component »; as at point P,, and as a

" direct consequence of the momentum theorem

for the passage of the air from P, to P, the

_air pressure will take a larger value at P,

than at P, because the fan impels a motion

“to the air in a direction from S to S’. We

can then write - _
' Pg_P1=AP v !
in which '

p.=air pressure at P,. ) -

Ap=increase in air pressure due to the pas-
sage of the air through the disk area
of the fan, S :
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Substituting for p, its value found

above
the air pressure at P, is equal to N

P3=Po—'8‘%lf+AP

The pressure p, beyond thg.»fan -will, there-

fore, only be larger than p, if: -
8'012 -
AP— 5 >0

Assuming b, to be the difference in pres-

sure, we can then write :

. ov,?
- P,= ‘-,——2#
in which

ps=the pressure step furnished by a fan at
the distance » from its axis.

The pressure step p, which can be obtained
along any stream line, such as S,8"bythe pas-
sage of the air through the disk area of the
fan and at the distance » from its axis is di-
rectly proportional to the square of the linear
velocity og the fan blades at that distance ».

_ For finding the pressure step p, we can write
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- Pg—'z.krzﬂz
in which

Q=the angular veolcity of fan rotation
rQ)=the linear velocity

k=the coefficient depending upon the shape,
dimensions and settings of the fan
blades.

By careful investigation it has been found
that there is a limited maximum value of the
coefficient 2 which for convenience will be
designated %, which can not be exceeded.
The greatest pressure step that can be fur-
nished by a disk fan at a distance » from its
axis is equal to

Po=lkmr’0?

Therefore, as a direct consequence from the
above formula, it is shown that for a disk fan
having blades of such shape and setting that
the pressure coefficient & would have a con-
stant value along the blades, the pressure step
will increase from the fan axis to the blade
tips as the square of the distance from the
axis. The smallest pressure step furnished by
the blades of the fan will determine the pres-
sure differences that a fan can maintain.
Thus disk fans with almost constant pressure
step along the blades will actually constitute
the rational type of disk pressure fan. Con-
sidering a fan with blades of such shape and
setting that the pressure step coefficient % has
its greatest possible value %, then a fan ro-
tating with a given angular velocity @, and
which must furnish a given pressure step 2,
the fan disk or boss must necessarily have its

3

radius equal or greater than the value fur-

nished by the relation
P,=kmr® or r=ﬂ\/& ,
o km
The investigation conducted along the

can only furnish a static pressure of some
value with efficiency when the diameter of

/its disk or boss is made at least equal or

greater than approximately 0.4 of the fan

70

lines here discussed has shown that a disk fan -

75

diameter. With such proportioning of the -

disk or boss the pressure obtainable at the
disk or boss is already only about 15% of
which can be obtainable at the blade tips.
Therefore, the greater static pressure to be
obtained with a given angular velocity the
greater must be the fan disk or boss. A fan
with a disk or boss less than approximately
0.4 of the fan diameter cannot furnish at the
disk or boss a pressure step of the same order
of magnitude as at its tips and the air deliv-
ered by the outer portions of the blades at
higher pressure circulates backwards at the
disk or boss of the fan. In a fan furnishing
the same pressure step from boss to tips, the
coefficient %, must have its maximum value
at the boss and is progressively decreasing
towards the tips, so that in passing from tips
toward the boss the shape of the blade should
be changed in such a way to have %, increase

from tip to boss in order to have pressure.

constant. _ :

It follows that beginning from the boss the
blades must have the proper shape and set-
tings. In fans where the blades are simply
secured to a flat boss and then twisted to the
proper setting there will always be a section
from the boss to the point where the blade has
its proper setting where no pressure step
will be created and the air will leak back-
wards during the operation of the fan. When
the boss is formed with a diameter approxi-
mately 0.4 the fan diameter pressures can be
obtained to force the air forward against re-
sistance, the characteristics of the blading be-
ing maintained within the limitations above
set forth.

For an example of the foregoing principles

of my invention it has been found that a fan'

of 18’/ diameter with a boss or disk of 9"
diameter rotated at the relatively low speed
of 1150 R. P. M. has developed 14’/ static
pressure when delivering 1500 cubic feet per
minute. The power absorbed by the fan is
only about 14 H. P., which indicates the high
efficiency of fans constructed in accordance
with my invention. This is, as far as known
to me, the most efficient fan ever produced.

It is to be noted that fans constructed in
accordance with my invention will operate at
low speeds as well as high speeds, that is,
pressure will be developed. at low: or high
speeds, the pressure, of course, increasing
with increase of speed.
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Rotation of the fan of my invention cre-

~ ates a suction and the air is drawn to it in
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11,624, filed Feb. 26, 1925.

an axial direction. The air upon passing
through the fan acquires in addition to its
axial motion a rotational motion given to it
by the fan. The air forced through the fan is
a smooth flow in an axial direction with a
rotational motion in all parts of the flow and

‘is free from irregular and cross currents.

The flow as it leaves the fan takes the form of
a rotating mass with substantially equal axial
pressures forcing the flow, and any obstruc-
tion placed within the flow will not tend to
make the flow deflect backwards because any
deflection of the flow at any pressure is offset
by another section of the flow of equal pres-
sure. _ : : o

- This case is a continuation in part of my
co-pending prior application °}éerial No.

I claim:

1. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from a shaft and to force air in
a generally axial direction and to produce
static pressure between the opposite sides of
the fan and overcome resistances in the path
of the air stream, said fan having a boss
diameter_ of substantially 0.4 of the overall
fan diameter, a width ratio between 0.8 to
1.2, a blade angle between 15° and 45°, and
an aspect ratio of 2.5 or over. .

2. A disk fan adapted for installation in
connection with an opening or conduit to re-_
ceive power from a shaft and to force air in a
generally axial direction and to -produce
static pressure between the opposite sides of
the fan and overcome resistances in the path
of the air stream, said fan having a boss di-
ameter of substantially 0.4 of the overall fan
diameter, a width ratio between 0.8 and 1.2,
a blade angle between 15° and 45°; and an
aspect ratio of 2.5 or over, and a blade spacing
of one half or more.

.8. A disk fan adapted for installation in

- connection with an opening or conduit to re-

50.

55

ceive power from a shaft and to force air in
a generally axial direction and to produce
static pressure between the oppoiste sides of
the fan and overcome resistances in the path
of the air stream, said fan having a boss di-

. ameter approximately 0.4 of the fan diam-

eter such that the pressure obtainable at the
boss is at least 15% of the pressure obtain-
able at the blade tips, a blade angle between
15° and 45°, and an aspect ratio such that
the length of each blade from hub to tip is'
substantially greater than the width of each

- blade from entrance edge to discharge edge,

and a number of blades at least 15.

4. A disk fan adapted for installation in
connection with an opening or conduit to
receive power from a shaft and to force air

-in a generally axial direction and to produce

static pressure between the opposite sides of

1,778,349

the fan and overcome resistances in the path
of the air stream, said fan having a disk
ratio, a blade angle, an aspect ratio and blade
spacing of approximately the following
values: disk ratio 0.4 the overall fan diam-
eter, width ratio 1; blade angle 25°; aspect

.ratio 2.5 and blade spacing one half or more.

5. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from a shaft and to force air in
a generally axial direction and to produce
static pressure between the opposite sides of
the fan and overcome resistances in the path
of the air stream, said fan having blades so
formed and set with relation to each other
that the blade spacing is not less than one-
half and the pressure co-efficient at the root
of the blade is at least equal the pressure co-
efficient at the tip of the blade, the diameter
of the boss of the fan being such that the
pressure obtainable at the boss is at least 15%
of the pressire obtainable at the blade tips,
said fan having a width ratio from .8 to 1.2
approximately, and a blade angle between 15°
and 45° approximately.

6. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from a shaft and to force air
in a generally axial direction and to produce

static pressure between the opposite sides of

the fan and overcome resistances in the path
of the air stream, said fan having blades so
formed and set with relation to each other

70
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that the blade spacing is not less than one-

half and the pressure co-efficient at the root
of the blade is at least equal the pressure
co-efficient at the tip of the blade, the diam-

‘eter' of the boss of the fan being such that

the pressure obtainable at the boss is at least
15% of the pressure obtainable at the blade
tips, said fan having a width ratio from .8
to 1.2 approximately, a blade angle between
15° and 45° approximately, and an aspect
ratio of approximately 2.5 or more.

7. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from a shaft and to force air
in a generally axial direction and to produce
static pressure between the opposite sides of
the fan and overcome resistances in the path
of the air stream, said fan having blades so
formed and set with relation to each other
that the blade spacing is not less than one-half
and the pressure co-efficient at the root of
the blade is at least equal the pressure co-
efficient at the tip of the blade, the diameter
of the boss of the fan being such that the
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pressure obtainable at the boss is at least 15% -

of the pressure obtainable at the blade tips,
said fan having a width ratio from .8 to 1.2
approximately, and a blade angle between 15°

125

and 45° approximately, said fan having at

‘least 20 blades.

8. A disk fan adapted for installation in
connection with an opening or conduit to re-

130
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ceive power from a shaft and force air in a
generally axial direction and to produce static
pressure between the opposite sides of the
fan and to overcome resistances in the path
of the air stream, said fan having a disk
diameter of 0.4 of the fan diameter and blade
spacing not less than one-half so that the
pressure at the hub is a substantial propor-
tion of the pressure at the blade tips, and
with the blades formed and spaced to give
dynamic impulses to the aif sufficiently fre-

quently to develop and maintain a static

pressure of at least one third inch and to
deliver air at the rate of more than three
thousand cubic feet per minute for each one-
third horse power received from the shaft.

9. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from a shaft and force air in a
generally axial direction and to produce
static pressure between the opposite sides of
the fan and to overcome resistances in the
path of the air stream, said fan having a disk
diameter of 0.4 of the fan diameter and
blade spacing not less than one-half so that
the pressure at the hub is a substantial pro-
portion of the pressure at the blade tips, and
with the blades formed and spaced to give
dynamic impulses to the air sufficiently fre-
quently to develop and maintain a static pres-

" sure of at least one-third inch and to deliver
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(13

air at the rate of more than three thousand
cubic feet per minute for each one-third horse-
power received from the shaft, so that the
efficiency is greater than 50%, the said blades
being adapted to impart to said air a velocity
of at least one half the average linear velocity
of the blades. '

10. A disk fan adaptéd for installation in
connection with an opening or conduit to re-
ceive power from a shaft and force air in a
generally axial direction and to produce
static pressure between the opposite sides of
the fan and to overcome resistances in the
path of the air stream, the said fan having a

disk diameter of 0.4 of the fan diameter and

blade spacing not less than one-half so that
the pressure at the hub is a substantial pro-
portion of the pressure at the blade tips, and
with at least 15 blades formed and spaced to
give dynamic impulses to the air sufficiently
frequently to efficiently develop and maintain
a static pressure of at least one third inch,
said blades being adapted to impart a ve-
locity to the air at least one half the average
linear velocity of the blades so as to deliver
air at the rate of more than three thousand

‘cubic feet per minute for each one third horse

power received from the shaft so that the
efficiency is greater than 50%. .
11. In a disk fan adapted for installation
in connection with an opening or conduit to
receive power from a shaft, the combination
with a central hub or disk of substantially .4
the overall diameter, of a series of not less

1,773,340

than 15 blades projecting from the periphery
of said hub or disk, and formed and spaced
to have a width ratio between .8 and 1.2 and
a blade angle between 15° and 45° and to
deliver air substantially- parallel to the axis
of the fan, and to force said air against a
counter pressure and to give dynamic im-
pulses to the air sufficiently frequently to
efficiently develop and maintain a static pres-
sure of at least one third inch, so that the
power received from the shaft is converted by

s

70

75

the rotation of the fan blades mainly into the -

energy imparted to the delivered air,

12. A disk fan as set forth in claim 1 in
which the blades are of substantially constant
width from hub to tip.

13. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from a shaft and force air in a
generally axial direction and to produce
static pressure between the opposite sides of
the fan and overcome resistances in the path
of the air stream, said fan having blades of
substantially the same width from hub to tip
and formed and set with relation to each
other to have a width ratio between .8 and 1.2
and a blade angle between 15° and 45° and to
overlap ‘at their inner portions near the hub
when viewed in a direction along the axis
with a gradual decrease in the overlapping
from the hub outward so that at their outer
ends the blades are non-overlapping, said
blades being adapted to develop and main-
tain a static pressure of at least one third
inch, and to deliver air at the rate of more

‘than three thousand cubic feet per minute

for each one third horse power received from
g%e shaft so that the efficiency is greater than

%. :

14. A disk fan of claim 13 in which each
blade is warped between hub and tip so as to
be more nearly normal to the axis at the tip
than at the hub. '

15. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from-a shaft and force air in a
generally axial direction and to produce static
pressure between the opposite sides of the fan
and overcome resistances in the path of the
air stream, said fan having blades aerofoil
shaped so as to reduce the drag of the blades
and of substantially greater length than
width so as to have an aspect ratio greater
than 2.5, the diameter of said hub or disk
being 0.4 of the fan diameter such that the
pressure obtainable at the boss is a substantial
proportion of the pressure obtainable at the
blade tips so that the blades are adapted to
maintain a static pressure of at least one third
inch and to deliver air at the rate of more
than three thousand cubic feet per minute
for each one third horse power received from
the shaft so that the efficiency is greater than
50%. .

16. A disk fan adapted for installation in
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connection with an opening or conduit to re-
ceive power from a shaft and force air in a -
generally axial direction and to produce static -
pressure between the opposite sides of the
fan and overcome resistances in the path of
the air stream, said fan having blades aerofoil
shaped so as to reduce the drag of the blades
and of substantially greater length than
width so as to have an aspect ratio greater
than 2.5, and warped between the hub and tip
so as to be more nearly normal to the axis at
the tip than at the hub, the diameter of said
hub or disk being 0.4 of the fan diameter such
that the pressure obtainable at the boss'is a.
substantial proportion of the pressure obtain-
able at the blade tips so.that the blades are
adapted to maintain a static pressure of at
least one third inch and to deliver air at the
rate of more than three thousand cubic feet
per minute for each one third horse power re- -
ceived from the shaft. : _

17. A disk fan adapted for installation in
connection with an opening or conduit to re-
ceive power from a shaft and to force air in
a generally axial direction and to produce
static pressure between the opposite sides of
the fan and overcome resistances in the path
of the air stream, said fan having blades of
substantially greater length than width and
g0 2'width ratio%gtween 0.8 and 1.2 and a blade
- width at any point substantially greater than

the perpendicular distance between the blades

at said point, and a boss diameter substan-
tially 0.4 of the overall fan diameter, said
g5 blades being formed from a single sheet so
as to be integrally connected ‘together at
their inner ends and bent at an angle to the
plane of the boss and tapered inwardly so as
to have a greater width toward their outer

0 ends. }
_ GEORGE pe BOTHEZAT.
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