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To all whom it may concern:

Be 1t known that I, Avcustus J. Bowiz,
Jr., a citizen of the United States, residing
at Washington, District of Columbia, have
invented certain new and useful Improve-
ments in Centrifugal Fans; and I do hereby
declare the following to be'a full, clear, and
exact description of the invention, such as
will enable others skilled in the art to which
1t appertains to make and use the same.

The invention has reference to centrifugal
fans or blowers, and has for its object to
provide a machine of the character de-
scribed, having its parts so constructed and
arranged as to avoid back slippage of air,
te subpress eddy currents within the casing,
and to eliminate shock between the entering
air and the vanes; whereby the air is caused
to circulate rapidly through -the machine
without loss of energy due to abrupt change
of direction of flow, or to violent impact
with the moving parts of the machine, so
that the mechanical efficiency of the machine
1s materially increased.

In the accompanying drawings; Figure 1
1s a_vertical transverse section of a centrif-
ugal fan embodying the features of my in-
vention; Fig. 2 is a side elevation thereof,
certain portions being broken away in order

‘o more clearly indicate the relative arrange-

ment of the interior parts; Fig. 3 is a view
corresponding to that in Fig. 1, illustrating
a modified form of the invention; Fig. 4 is

a side elevation of the machine shown in

Iig. 3, the volute casing, however, being
omitted ; I'ig. 5 is a vertical transverse sec-
tion of another modification, illustrating a
sultable form of casing and of runner and
blades which may be employed in fans of
large size with sheet iron casings. Figs. 6,
7 and 8 are diagrams illustrative of the
mode of constructing the suction or intake
ends of the blades of the fan.

Considered generally, the apparatus com-
prises a casing «, into which projects power
shaft 0, having on its inner end a hub ¢, to
which 1s bolted or otherwise attached a
series of blades, designated by reference

letters d, d’, and d’’, vespectively, in the

several modifications. The casing @ is con-
structed of the usual volute form, with a
constantly increasing section from the cut-
off lip to the discharge. The centrally dis-
posed 1nlet is provided with a flaring or
bell shaped mouth 7 to avoid loss of head in
the entering air. This flaring intake f may,

| ot course, be located on the casing, or, if a

suction pipe is used, at the inlet end of said
pipe. In Figs. 1,2, 3 and 4 of the drawing,
the bell shaped intake f is formed as part of
an annular casting ¢, which is bolted to the
front of the casing «. In order to avoid
back slippage of air at the intake, if the fan
1s of the closed runner type, a ring 7, se-
cured to the suction end of the runner, en-
gages a groove ¢ 1n the inner face of intake
/, the ring and the groove being accurately
turned to provide a close fit having just suf-
ficient clearance laterally and circumferenti-
ally to permit the ring to turn freely, with-
out allowing reverse air currents to blow
back into the bell 7. ' -
In Figs. 1 and 2, which illustrate a pre-
ferred construction employed in fans with
cast 1ron casings, the vanes are inclosed by
conical or conoidal walls 4, / at front and
back, which walls are attached to the vanes
and form the lateral surfaces of the runner,
being so constructed as to suppress eddy cur-
rents within the runner and to effect a grad-
ual change 1n the direction of flow of the air
from the suction entrance to the discharge
enc of the runner; that is to say, to grad-
ually change the direction of the current of
air, moving axially of the fan at the en-
trance, to a substantially radial movement
thereof at the point of discharge from the
vanes of the runner. The relation and ar-
rangement of the lateral walls 4, 7, with re-
spect to the gradually tapering blades of the
runner are such that the change of veloe-
ity of the air across a section substantially
normal to the surface of said walls, is grad-
ual and practically uniform from the suction
entrance to the discharge from the runner, so
that, generally considered, the radial dis-
charge velocity of the air from the runner
1s somewhat less than the initial or entrance
velocity of the air thereto. The effect of
this arrangement of the blades and the in-
closing walls therefor, is to avoid the eddy
current loss due to unequal radial surface
cdistribution of air, occasioned by the com-
paratively low radial velocity of discharge
from the runners in fans as heretofore con-
structed and at the same time to avoid the
loss due to too high a radial velocity, caused
by increasing the radial velocity of dis-
charge over the axial velocity at entrance to
the runner. By observing these conditions,
I have found, for example, that as compared

| with standard fans or blowers, my fan will
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deliver more air, although the width of the |

 face of the blades at their outlet end is less
 than half that of said standard fans. This

. the velocity of intake the air, instead of pass-
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effect may perhaps be explained by the con-
sideration that in a fan in which the velocity
of discharge 1s considerably greater than

ing in a continuous body directly through
ithe runners without eddy currents, 1S al-
lowed, by reason of the shape of the runner,
to expand greatly and furthermore to eddy

and return upon itself, thus giving rise to

efficiency losses. In a fan in which the ve-
locity of discharge is greater than the veloc-
ity of intake 2 compression of the air within
ifie runner and a useless change in the ve-

Jocity substantially exists, which also gives

rise to efficiency losses. 1n my improved
fan the point of greatest velocity is at the

initial portion of the runner and from there
the air expands gradually and uniformly
throughout the length of the runner and

throughout the body of the volute casing,
expansion being slight and entirely gradual
so that no eddy currents are set up and at

" the same time no useless compression Or
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change of velocity takes place. _
- In centrifugal fans, as heretofore con-

structed, a comparatively large loss of effi-
ciency is due to the sudden impact of the en-

tering air upon the blades or runners, as the
entire energy of the repeated blows between
the fan blades and the incoming air 1s
wasted. The present invention contemplates
the provision of specially formed blades or
vanes to take in air without shock, whereby
this element of loss is eliminated, and the
efficiency of the fan 1s correspondingly 1in-
oreased. This highly important feature of
the invention 18 effected by constructing each
Llade so that it shall have a propeller shape,
viz. a constant pitch at the induction end,
which gradually curves in the direction of
rotation toward a position substantially

parallel of the axis of the shaft at the dis-

- charge end of the blade. Considering both

50

speed and capacity of the fan, therefore, the

important point to be observed is to give the
“entrance line of the vanes proper propeller
shape, and to curve the remaining portions

of the vanes gradually, until they are sub-

~ stantially parallel to the axis of rotation

59

along their peripheral edges, so that the alr
will be passed smoothly and gently 1nto en-
gaﬁement with the vanes at the suction end,
an

: gj‘,ﬂdually changed or diverted in 1its -
 direction of flow until it is discharged

radially into the volute casing. The initial

portion of the blade or vane, to meet the con-

ditions hereinbefore referred to, is generated

or produced in the following manner.

- " Referring to Figs. 6, 7 and 8, let A, B,.iﬁ-

~ dicate a cylinder, concentric with the shaft |
" of the fan, intersecting the vane between the
66

o - 909,363

showing the parts in end elevation; Fig. 7
being the development of said cylinder show-
ing the line A’, B” of intersection of the cyi-
:nder and the vane, B’ being a point in the
suction edge of the blade or vane; and If1g.
8 being a radial projection of the blade or
vane. Let VA indicate the velocity and d1-
rection of the entering air, and V¥ the peri-
pheral velocity of the vane at the line of 1n-

tersection of the cylinder A B therewith, and
VR the resultant of VA and —VF, then oy

edge of the vane at B’ tangent to the result-
ant of VA and —VF, the air entering and
engaging the vane at point B” will not be
subject to shock or impact blow, but will be
advanced along the surface of the vane with-

| out resistance. As VE varies with the dis-

tance of point B’ from the. axis, it 1s evident
that the inclination or curvature of the ini-
tial portion of the blade must also vary, to
meet the necessary condition that it shall be
tangent to the resultant of the velocity of the
entering air current and the circumferential
velocity of the edge of the vane at every
point 1n the latter taken negatively. In

| other words, the blades or vanes shall have

such that the tangent to the line of inter-
section of a vane and a cylinder concentric
with the axis, will be along the resultant of

cidered as one component, and the circum-
ferential velocity of any sarticular point of
the suction end 1n question taken negatively,
considered as the other component. As the
values of VA and VF are known, or may be
readily determined, it is evident that the

of the vanes may be -accurately calculated,
and the curve plotted therefrom, or said

resenting the velocities VA and VK as 1n
Fig. 7, determining the resultant VR thereot

fan, and constructing a curve which shall be

tangent to these resultants, which curve will
be coincident with the edge or suction end .of

the blade. '

As heretofore referred to, the porﬁcms of
the blades or vanes succeeding the initial or
suction ends thereof, are then oradually

become parallel with the axis of the fan at
their discharge ends. These features of con-
struction are clearly illustrated in Figs. 1
of the blades or vanes, so curved, in accor

that the entering air engages the ~suction
succeeding portions of said blades are grad-

ually curved until their discharge ends or
edges 2 are substantially, parallel with the

center of the fsha.ﬂ, b and the ring A; Fig. 6 | axis of the fan, and the discharge of the air

for varying distances from the axis of the

ance with the rule hereinbefore enunciated,
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malking the inclination or curvature of the
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an initial curvature along their suction ends -
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the velocity of the entering air current, con-- '
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proper initial curvature of the suction ends
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curve may be graphically determined by rep-
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curved so that they tend to or practically do
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and 2, in which 1 indicates the suction edﬁg -
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1 edges of the blades without shock, and the
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therefrom is in a substantially radial direc- scribed, except that the blades or vanes 4’

tion. If desired, however, in addition to the
initial curvature of the vanes, they may be
bent gradually either forward or backward
with reference to the direction of rotation,
as may best subserve the conditions under
which the fan is to be operated.

In centrifugal fans, as heretofore con-
structed, considerable energy has been lost,
by reason of eddy currents, formed in the
receiving chamber for the air discharged
from the fan. In order to overcome this

~difficulty, which, as above noted, is inherent
‘1n smaller fans, I construct the volute casing
‘@ with outwardly

inclined or flaring sides,
which are closed by the curved cover, so that
the air leaving the peripheral edges of the
fan blades or vanes is discharged into a
chamber constantly
reason oi the flared sides, and in depth by
reason of the volute form of the casing.

it has been demonstrated, oy tests, that

fans having the characteristic structure and
relative arrangement hereinbefore described,
take in air with practically no loss of head,
due to the flaring bell mouth 7, lose no

alr by back slippage, and are materially
steacdlied in their rotation by reason of the
ring /% snugly fitting the groove ¢ 1t the end
of the bell #, eliminate eddy currents within
produce a gradual change
of the direction of the air currents through

the gradually curved lateral walls 4 and 4,

and also produce an increased eificlency by
virtue of the velocity of the radiai die.
charge from the vanes being less than the
velocity at the suction or intake, avoid eddy
current losses in the volute because of the
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the volute chamber, and, lastiy, take in air
without shock and transmit 3 along the
channels between the blades with practically
no loss of energy by reason of the particular
shape or curvature of the initial portion of
sald blades, and the gradually curved sur-
Taces of said blades toward parallelism with
the axis of the fan.

for constructive reasons, it may be found
advisable at times to form the blades or
vanes'without the initial curvature at the sue.
tion or entrance end thereot, but to preserve
ail of the other characteristic features of
the fan, as hereinbefore described. Tnder

such conditions, means should be provided
the suction bell # to

to deliver the air from
the surfaces of the vanes or blades without
shock or impact blow, or, in other words, to
deliver the inflowing current to the plades,
So that the air will be received by the latter
and conveyed to the substantiaily radial dis-
charge end thereof without loss due to
shock or sudden change of direction. Such

a construction 1s illustrated in Figs. 8 and 4, |

_in which the fan proper has the essential

89

characteristics of “that hereinbefore de- | of

increasing in width by

radial planes.
the bell 7, however,
series of stationary guide
vanes m, each having one edge attached to

a central axis n, and the opposite edge at-
tached to an inclosing ring o fitted closely
within the bell. These vanes m have their
front edge substantially normal to the axis
7, but are given a twist or curvature both
longitudinally and transversely, so that the
mmner edge next to the suction end of the
blades @ has an inclination or curvatyre

are located in substantially
Within the throat of
there 1s located a

similar to the edge 7 of the blades ¢ in I 105,

1 and 2, whereby the tangential component
of the air velocity leaving the vanes 7 and
entering upon the vanes or runners d’, 18
just equal, at all points of the rotation, to
the velocity of rotation of the correspond-
ing points of the vanes or runners 47, It
will thus be apparent that the air currents
talken in by this type of fan, will be given
the necessary direction and the requisite
veloeity to be taken up by the vanes or run-

ners ¢’ without shock or impact blow.

In the larger types of fans, it is found
preferable, for constructive reasons, to
modify the character of the discharge cham-
ber or volute, and also of the runner, as
Ulustrated in Fig. 5, in which construction,
however, the other essential characteristics
of the fan illustrated in F 1gs. 1 'and 2, are
preserved. It will be noted that this fan
nas the flaring bell mouth /5 the initially
curved biades ¢’/ being constructed and ar-
ranged to fake the air without shock and
aischarge the same in a substantially radial
direction into the chamber 2’ of the volute.
Lhe biades or runners 4’ are inclosed DY
lateral wwalls 4/ and 47, attached to and ro.
tating therewith, the wall " being formed
partly by the extended conical walls of the
hub and partly by a peripheral ring. The
volute 27 1s made of substantially rectangun-
lar cross section, as shown in 1e. 5, in-

creasing gradually toward ‘the ultimate dis-

charge /. ,

Lo aveoid eddy currents, the periphera]
edges of the runner enter the discharge
chamber %’ so as practically to close the re-
ceiving chamber from the rest of the casing.

Although the centrifugal fans herein be.
fore described, are of the closed runner type,
1t 1s to be understood that the Invention is
not limited thereto, as its main character-
1stic advantages may be .realized in open
runner fans in which the lateral walls 2y %,
are fixed to the casing, and the blades ro.
volve within said walls, with small running

clearance,

Having thus described my invention, what
I claim and desire to secure by Letters
Patent, is:— '

1. In a centrifugal fan, the combination
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_ lateral surfaces
structed and arranged as to form passages

" 60

‘taken mnegatively,
- component, substantially

sectipn of a vane
air current, considered as one

curved

]_Ocity Of ‘discha,rge 1S only Slighﬂ?

inlet or suction opening,
tary blades whose suction ends have an 1ni-

tial curvature such that the line of inter-
section of a vane and a cylinder concentric

with the axis has, at the point where the
] : “tersection cuts the edge of the fan
blade, a tangent which coincides in direc-
] itl of the velocity of the
entering air current,
ponent, and the oircumferential velocity
of that point in the edge of the fan blade
considered as the other
as described.

9. In a centrifugal fan, the combination
of an inclosing casing provided with an alr
inlet or suction opening, and a series ot ro-
tary blades whose suction ends have an 1ni-
tial curvature such

ection of a vane and a cylinder concentric

with the axis has, at the point where the

line of intersection cuts the edge of the fan
blade, a tangent which coincides in direc-
ion with the resultant of the velocity of
the entering air current, considered as one
component, and the circumferential velocity
of that point in the edge of the ian blade
taken ‘negatively, considered as the other
component, the blades being further gradu-
ally curved beyond the point of 1nitial cur-
vature until their discharge ends merge 1nto
planes substantially parallel to the X1, Sub-
stantially as described.

3. In a centrifugal fan, the combination

- of an inclosing casing provided with an Alr
and a series of ¥o- |

inlet or suction opening,
tary blades whose suction ends have an inl-
tial curvature such that the line of inter-

with the axis has, at the point where the line
of intersection cuts the edge of the fan blade,
a tangent which coincides in direction with
the resultant of the velocity of the entering
component,
and the circumferential velocity of that
point in the edge of the
negatively, considered as the other com-
ponent, the blades being further gradually
beyond the point of initial curvature

_ merge into planes
substantially parallel to the axis and also

radial to said axis, substantially as described.
4. In a centrifugal fan, the combination

until their discharge ends

of an inclosing casing provided with an alr

inlet or suction opening, a series of rotary
blades operating in the casing, and confining
for said blades, all so con-

‘ntake to the point of dis-
chasge from the blades in which passages
‘he eross-sectional area normal to the -ax1s
of the passage gradually and uniformly 1n-
~reases from the point of intake to the point
of discharge to

from the point of

less than

considered as one com-

that -the line of 1nter-:

and a cylinder concentric -

fan blade taken

such an extent that the ve-

and @ series Of TO- |

e )

an outer volute portion of

l deseribed.

009,865

Jial distribution and eddy current losses are

avoided, substantially as described.

5. In a centrifugal fam, the combination
of an inclosing casing provided with an air

inlet or suction opening, & series of rotary
blades operating in the casing, and confining
lateral surfaces for said blades, all so con-
structed and arranged as to form pasSages
from the point of intake to the point of dis-
charge from the blades in which passages
the oross-sectional area normal to the axis of

the passage gradually ‘and uniformly In-

creases from the point of intake to the point
of discharge to such an extent that the ve-

locity of discharge 1n only slightly less than
the velocity of intake, whereby unequal ra-

" dial distribution and eddy current losses are

lateral surfaces belng
a gradual change
substan-

avoided, the sald
gradunally curved to effect
n the direction of flow of the air,
tially as described.

6. Tn a centrifugal fan, the combination

of an inclosing casing provided with an air

‘njet or suction opening, a series of rotary
blades operating in the casing, and confining

70
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lateral surfaces for such blades, all so con-

structed .and arranged as to form passages
from the point of intake
charge from the blades in which passages
the oross-sectional area normal to the axis

to the point of dis-

05

of the passage gradually and uniformly in-

creases froi the point of intake to the point
of discharge, to such an extent that the ve-

locity of discharge 1s only slightly. less than-

the velocity of intake, in combination with
an outer portion of the casing constitutin% q,
receiving chamber and having a gradually
increasing cross-sectional. area from the dis-

of the blades to the outer wall

| of the casing; substantially as described. -

7 In s centrifugal fan, the combination
of an inclosing casing provided with an air
inlet or suction openlng, @ Serics of rotary

100
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blades operating in the casing, and confining -

lateral surfaces for such blades, all so con-.

<tructed and arranged as to form passages
from the point of intake to the point of dis-
the

of the passage gradually and uniformly in-
creases from the point of intake to the point
of discharge, to such an

combination with
the casing consti-
tuting a receiving chamber and having a

the velocity of intake, 1n

_ blades in which passages.
the cmss-sectlonal area normal to the axis

110

115

extent that the ve-
Jocity of discharge 1s only slightly less thz2

120

~ increasing cross-sectional area

from the discharge edge of the blades to the

outer wall of the casing; substantially as
8. In a centrifugal fa;l,'
of

the combination
with an inclosing casing provided with -an,

| air inlet or suction opening, air passages

125
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1 communicating with the suction 0pening

10

15

and formed in part by a series of rotary
blades, the initial portions of said passages
having a curvature such that if a line be
drawn from any point on the line of inter-
section of the initial portion of a fan blade
with a cylinder concentric with the axis and
equal in amount and direction to the circums-
ferential velocity of that point in the fan
blade, then the line closing the triangle thus
formed will coincide in direction and
amount with the velocity of the entering air,
substantially as described. -.

9. In a centrifugal fan, the combination
with an inclosing casing provided with an
air inlet or suction opening, of air passages
communicating with the suction opening
and extending through the Inclosing casing

and formed in part by a series of rotary |

>

| blades whose suction ends have an initial

curvature such that the line of intersection
of a vane and a cylinder concentric with the

axis has, at the point where the line of inter-

section cuts the edge of the fan blade, a tan-
gent which coincides in direction with the
resultant of the velocity of the air current
entering upon the blades from the initial
portions of the passages considered as one
component and the circumferential velocity
of that point in the fan blade taken nega-
tively, considered as the other component,
substantially as deseribed.
1n testimony whereof I aflix my signature,
in presence of two witnesses.
AUGUSTUS J. BOWIE, Jr.
Witnesses:
JOHN (. PENNIE,
Jo K, HurcHINSON, JT.
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