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To all whom it may concern:

Be it known that I, SAMUEL CLELAND DaA-
VIDSON, a subject of the Queen of Great Brig-
ain,residingin Belfast,Ireland, haveinvented
certain new and useful Improvementsin Cen-
trifugal Fans or Puamps, of which the follow-
ing is a specifieation.

This application is a division of my appli-
cation filed September 21, 1898, Serial No.
691,495, and is filed for the purpose of pro-
tecting a modification of the invention shown
in said application, but which cannot be spe-
cifically claimed therein.

This invention has reference to rotary {ans
or pumps in which the fluid operated on is
taken in axially and discharged circumfer-
entially; and it relates to centrifugal fansor
pumps in which the blades earry the fluid
with them in their rotation, and thereby throw
it outward by centrifugal force, as distin-
guished from propeller fans or pumps in
which the blades act upon the fluid with a
wedging action, pushing it from them with-
out materially rotating it.

Anobjectof the presentinvention is to pro-
vide a fan which may be rotated in either di-
rection with substantially the same efficiency.

In this specification the word *“fan” isun-
derstood as including a pump. The word
“‘axially” means in a direction coincident
with or parallel with the axis of rotation.
The word *“‘blades” is used to indicate the
vanes or wings which impart motion to the
flaid., The expression ‘“intake-chamber” is
employed to indicate a chamber or space in-
closed within the series of blades. The word
‘“oye” is used to designate the inlet-opening
in the casing or stationary member of the fan,
through which opening the flnid enters the
intake-chamber. By the*‘intake” end of the
blades or ports is understood that end which
isnearestthe eye. The ““depth” of the biades
is their width measured radially from the in-
ner to the outer edge, the ““length” of the
blades is their axial measurement, and the
“ports” are the intervening spaces between
the blades.

According to the invention set forth in my
said application the rotary member of the fan
is constructed with numerous thin elongated

blades arranged in substantially drum form;

being extended in approximately axial direc-
tion, so as to inclose within them a relatively
large and practically- unobstructed intake:
chamber, and said blades in transverse sec-
tion being arranged relatively to theaxisand
direction of rotation to earry the fluid with
them rotatively and discharge it tangentially,
and said rotary member is so mounted as to
permit the tangential escape of the fluid dis-
charged from its blades. My present inven-
tion is directed to a fan of this character in
which the blades are flat, or substantially
80, and extend in substantially radial planes,
so that the fan may be revolved in either di-
rection.

The blades are best made of sheet metal
and are elongated—that is to say, their
length approximates at the least three times
their depth, and being preferably as much as
nine or more times their depth, it being pref-
erable to make them as narrow or shallow as
practicable consistent with strength of con-
struction. Preferably their inner and outer
edges are substantially parallel to each other.
The blades must be so shaped relatively to
the axis and direction of rotation as to carry
the fluid with them in their rotation in order
to throw it outward by centrifugal force,
whereby it is discharged tangentially. To
this end in the present invention the blades
are preferably flat or formed with a substan-
tially plane surface and are arranged in
radial planes.

The blades are so numerous as to follow
each other in close succession, being spaced
apart, preferably, a distance approximating
two-thirds of their radial depth, or it may be
as muach as twice the full depsh of the blades.

The drum-like arrangement of the biades
is such as to inclose within them an intake-
chamber, which preferably is approximately
cylindrieal, and which is of large dimensions
as compared with fans heretofore existing—
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that is to say, its diameter approximates at 95

the least to four times the radial depth of the
individual blades and in the preferred pro-
portions is five-sixths of the external diame-
ter of the series of blades, and its length or
axial dimension approximates at least three
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times the depth of the individual blades and
in the preferred proportions is approximately
nine times such depth.

The drum-like series of biades is supported
in any suitable manner upon a shaft or
spindle revolving in suitable bearings. A
convenient supporting means consists of a
disk mounted on the spindle, to which disk
the blades are attached at their ends remote
from the intake ends. A ring or annular
support is preferably provided tor the oppo-
site or intake ends of the blades.

The rotary member of the fan is suitably.

mounted to permit the tangential escapeé of
the fluid discharged from its blades. If not
incased, this fluid can freely escape from it in
all directions. If inclosed in a casing, the
latter must be so constructed as to permit the
tangential escape of the fluid—as, for ex-
ample, by forming the casing of the usual
snail shape with a tangential outlet beyond
the periphery of the rotary member.

In the operation of my new fan the fluid
flows in axial directiouinto the intake-cham-
ber, in which it expands without perceptibly
revolving until it is caught by the blades and
drawn into the ports between them, whereby
the fluid in these ports is converted into a
whirling shell of fluid, whereby it is thrown
outward by centrifugal force and discharges
from the outer sides of the ports as a whirl-
ing and expanding shell of fluid, the indi-
vidual particles of which move in tangential
divection. The blades are so narrow and so
close together that no eddy-currents are
caused in the portsbetween them, thusavoid-
ing the loss of efficiency and the whirring or
beating noise accompanying the operation of
centrifugal fans as heretofore made.

In my preferred construction the intake
ends of the blades are open to the inflowing
fluid, so that the fluid may flow axially into
the intake ends of the ports. In this case 1
make the eye or intake-opening in the casing
leading to the fan of a diameter equal, or ap-
proximately so, to the full outer diameter of
the drum-shaped series of blades, whereby
the volume of fluid which will be propelled
through the fan for a given diameter and

speed of revolution is proportionately in-

créased without loss of velocity in the flow of
the fluid. X
My improved fans or pumps when con-

- structed as herein described may be employed
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with any fluids, either gaseous or liguids—-as,
for instance, with air or water.
Referring to the drawings illustrating my

present invention, Figure 1 is a vertical sec--

tion of the fan and casing cut on the linel 1l
in Fig. 2. Fig. 2 is a sectional elevation cut
on the line 2 2in Fig. 1. - Fig. 3 isan enlarged
fragmentary view of the supporting-disk,
showing the preferred method of attaching
the blades to the disk. Figs. 4, 5, and 6 are
respectively enlarged side, end, and top views

" of a blade detached; and Fig. 7 is a modifi-

662,396

cation in which the ports between the blades
are -closed. :

Referring to the drawings, o designates a
casing in which the rotary member of the fan
is inelosed. It has an eye h, Fig. 2, through
which the supply of fluid is drawn and is
shown with a diseharging-mouthpiece g.

The rotary member comprises blades ¢ ¢,
suitably supported upon a revolving shaft or

spindle . The support shown comptiises a

disk b, to which the blades are attached at
one end, and an annular support for the op-
posite orintake ends of the blades. In Figs.
1 and 2 this support is formed by a ring d, to
which theintakeendsareriveted. Theblades
¢ ¢ have at one end flanges. ¢/, by which they
are attached to the disk b, j j being holes in
said flanges to give passage to the rivets or
attaching deviees, as shown in Figs. 3 to 6.
In Fig. 3 at the left hand of the figure the
blades are shown in section, while at the right
hand the flanges ¢’ are indicated to show the
manner of attaching them to the disk. The
intake endsof the blades may be flat, as shown
in Figs. 2 and 4 and in dotted lines in Fig. 6,
or if the fan is to be revolved.in only one di-
rection the ends may be curved forward, as
showan in full lines in Fig. 6 at [. In either
case flanges ¢? are preferably formed on the
intake ends, by which the blades are fixed to
the support d by riveting or otherwise. The
ports or intervening spaces between the
blades are lettered ¢ e.

In proportioning the partsI make thelength
of the blades such that the aggregate open
area of the ports around the periphery of the
fan shall be about equal to the area of thein-
take-opening when the maximum volume of
intake and discharge is required; but the
length of the blades may be reduced to suit
any special requirements. .

The preferred proportions of my fan are
shown in Figs. 1 and 2, where the radial

‘depth of the blades is one-twelfth of the di-

ameterof the fan and the length of the blades
slightly exceeds nine times theirdepth. This
construction affords a large intake-chamber
of approximately cylindrical form, thediame-
ter of which is ten times the depth of the in-
dividual blades, while its length, equaling
that of the blades, is about nine times this di-
mension.

The provision of a relatively large intake-
chamber in connection with shallow blades
following each other at frequent intervals is
a distinctive feature of my invention. In
fans as ordinarily constructed employing
blades of great radial measurement supple-
mentary vibrations and -eddies are set up,
which rednee the efficieney of the fan. In
those fans also in which the blades are ex-
tended inwardly to or near the axis the best
efficiency is not obtained. I have discovered

that by providing a relatively large intake-
chamber practically unobstructed by the pro-
jection into it of blades or other parts and by
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employing blades which extend as short a | the fluid outward by a wedge-like action it

distance from the periphery of the rotary fan
inward as is consistent with strength of con-
struction the said supplementary vibrations
and eddies are minimized and the velocity
and volume of fluid discharged for a given
speed of revolution are greatly increased.

It has hitherto been considered impossible
to get pressure or partial exhaust with cen-
trifugal fans unless the blades are inclosed
on the sides and the eye or intake-opening is
of not greater diameter than about one-half
the diameter of the rotary fan, With my
present invention, however, the eye may be
of equaldiametertothatof the fan-periphery.
This isclearly shown in Fig. 2. Thisis made
possible by making the intake ends of the
blades open or unobstructed, so as to form
open-ended ports between them. Tosupport
and strengthen the intake ends of the blades
I prefer (when the fan is to revolve in only
one direction) to make them laterally curved
or concavo-convex, as shown at [ in Fig. 6.

‘When greater strength of construction is
required, as when the fan or pump has to be
driven at a very high velocity or when it bas
to be employed for pumping a heavy medium,
as a liquid, the intake ends of the blades may
be closed in the manner shown in Fig. 7. In
this figure the ends of the ports are closed
by a flat ring d'; which is fixed to suitable
flanges formed on the ends of the blades.

A fan of the constraction herein described
has the important advantage that it may be
rotated in either direction with substantially
the same efficiency. Hence it may be used
in connection with a casing in which the de-
livery-outlet leads in either right or left hand
direction.

The blades are shown as flat; but it is to
be understood that slight deviations may he
allowed, so long as the blades occupy sub-
stantially radial planes.

In the construction shown and deseribed
the fan is within a casing. It will, how-
ever, be readily understood that a casing is
not necessary in all instances—as, for in-
stance, when the inflowing fluid is led to the
eye of the fan by a pipe or when the fan pro-
Jects through an orifice in a wall, so as to re-
volve, say, outside a house, with the eye of
the fan facing the bearings in which the spin-
dle revolves. The fan when driven would
then draw the air through that orifice and dis-
charge it freely all around into the open air.

Tt is essential to my invention that the fan-
blades shall be adapted to carry the fluid
with them rotatively, so that itshall be thrown

- outward by centrifugal force and be dis-
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charged tangentially, in contradistinetion to
merely exerting a wedge-like action upon the
fluid, tending to thrust it outward in radial di-
rection, unaccompanied by rotation or whirl-
ing of the fluid. In a true centrifugal fan it

is almost solely the rear surface of the blade
which acts npou the fluid, drawing it around
by suction, whereas in blades which thrust

is the front or advancing side of the blade
which is the active face. Blades of the lat-
ter kind require to be inclined or curved rear-
wardly to a eonsiderable angle, so that the
outer edge follows behind the middle or ma-
jor portion of the blade. ‘
The operation of my fan when propelling
air is accompanied by the existence of a thin
shell or film of rapidly-whirling air immedi-
ately surrounding the dram - like geries of
blades, which air is apparently compressed,
and outside of this shell the air discharging
from the fan escapes tangentially. Whether
the fan is provided with a casing or not the

construction must be snch as to permit the

whirling fluid discharged from the blades to
escape tangentially therefrom in outward di-
rection.

To realize the full advantages of my inven-
tion, it is practically essential that the inflow
of fluid to the intake-chamber be unobstruct-
ed and that the inlet-opening be of the full
diameter of said chamber, as any throttling
of this opening results in a proportionate
diminution of volumetric efficiency. It is
also practically essential that the whirling
flnid diseharged from the fan-blades shall be
permitted to escape tangentially outward
therefrom, as any attempt to divert the re-
volving fluid inwardly resultsin a rapid dimi-
nution of efficiency; but the whirling Auid
can be collected in a casing, and if the ous-
let from this easing be arranged beyond the
radiuns of the circle deseribed by the outer
edges of the blades the fluid will freely es-
cape through said outlet, its whirling motion
being thereby resolved into a direct motion,
after which it can be led through a suitable
conduit in any desired direction.

The fan provided by my present invention
is distinguished from that shown in Fig. 7 of
my United States Patent No. 544,758, wherein
the blades are triangular and project into
the central hub, that in my present form
the blades are extended approximately par-
allel to the axis of rotation, being arranged
in drum form, so as to inclose within them
an approximately cylindrical intake-cham-
ber which is practically unobstructed by
blades or other parts,

It will be understood that many of the dis-
tinguishing features and advautages herein
referred to are equally true of all the forms
or modifications of fans shown and deseribed
in my main application, Serial No. 691,493, of
whichiny presentapplicationisadivision and
to which it is subordinate. In my present ap-
plication I make noclaim toany of the generiec
features of my mmain invention, as such are
folly claimed in my aforesaid application.
Nor do Lin thisapplication make any specific
claim to the mounting of the rotury member
of the fan withoutany inclosing casing,; so as
to permit free tangential discharge from the
rotary blades in all directions, as this specific
feature is made the subject of another divi-
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