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3,085,741
CENTRIFUGAL FANS
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Filed Nov. 23, 1959, Ser. No. 854,646
12 Claims. {(CL 230—127)

This invention relates to centrifugal fans and particu-
larly to a centrifugal fan having an improved means for
obtaining increased operating efficiencies over wide ranges
of volumetric deliveries,

In many installations requiring the use of centrifqgal
fans the fan is chosen on the basis of such factors as size,
horsepower requirements, or operating pressure condi-
tions, or a compromise between these variables. It is for
this reason that centrifugal fans should have high operat-
ing efficiencies over wide variations in volumetric delivery,
since in many cases the fan will be operated under condi-
tions of less than maximum efficiency.

Over the vears many fans have been developed for the
attainment of a relatively high peak efficiency in the mod-
erate volumetric delivery range. In most cases the attain-
ment of a high peak efficiency has been at the sacrifice of
a relatively low efficiency in the higher delivery ranges.

It is an object of the present invention to provide a
centrifugal fan construction wherein relatively high oper-
ating efficiencies are attained throughout a wide variation
in volumetric delivery.

A further object is to provide a fan having an improved
delivery efficiency curve.

A further object of the invention is to provide a cen-
trifugal fan wherein a high peak efficiency is attained with
a relatively small sacrifice in efficiency in the higher volu-
metric delivery ranges.

A further object of the invention is to provide a cen-
trifugal fan which can be satisfactorily employed under a
variety of operating conditions without material sacrifice
in output or efficiency.

An additional object is to provide a centrifugal fan
construction having novel mechanisms for attaining a con-
trolled recirculation of gas within the fan housing so as
to minimize turbulence in the gas stream adjacent the
fan wheel in a manner to achieve an improved efficiency.

A further object is to provide a centrifugal fan con-
struction with an improved cut-off structure for reducing
turbulence at the exit of the fan wheel, the arrangement
being such as to deflect a portion of the gas which would
normally recirculate around the inlet throat and cause the
deflected gas to be discharged through the fan outlet.

A further object is to provide a centrifugal fan design
with an improved cut-off structure which is susceptible
to employment in various different size fans, as for exam-
ple from a relatively large fan construction having a ten
foot diameter fan wheel down to a relatively small fan
construction having a two foot diameter wheel.

Other objects of this invention will appear in the fol-
lowing description and appended claims, reference being
had to the accompanying drawings forming a part of this
specification wherein like reference characters designate
corresponding parts in the several views.

In the drawings:

FIGURE 1 is a side elevational view of a centrifugal
fan construction constructed according to the invention;

FIG. 2 is a front elevational view showing the upper
portion of the FIG, 1 construction;

FIG. 3 is a sectional view taken substantially on line
3—3 in FIG. 1; and

FIG. 4 is a partial elevational view taken in the same
direction as FIG. 1 but of a second embodiment of the
invention.
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Before explaining the present invention in detail, it is
to be understood that the invention is not limited in its
application to the details of construction and arrangement
of parts llustrated in the accompanying drawings, since
the invention is capable of other embodiments and of
being practiced or carried out in various ways. Also, it
is to be understood that the phraseology or terminology
employed herein is for the purpose of description and not
of limitation.

Referring to the drawings, and particularly to FIGS.
1 through 3, there is shown a centrifugal fan construc-
tion 10 comprising a scroll-shaped fan housing 12 de-
fined by a pair of side walls 14 and 16, and an intercon-
necting arcuate wall 18, One end of wall 18 is turned
to provide a wall portion 20, and the other end of wall 18
is flattened to provide a wall portion 22, the space be-
tween wall portions 20 and 22 forming a discharge open-
ing 24 extending entirely across the space between side
walls 14 and 16.

Extending inwardly from wall 16 is an annular inlet
throat 28 of generally conical configuration, the purpose
of this throat being to introduce gas to the eye of the
centrifugal fan wheel 30. Fan wheel 30 is comprised
of two substantially parallel side plates 32 and 34. Plate
32 is imperforate, and plate 34 is annular in configuration
to permit gas to be received within the wheel. An annular
lip 36 extends from plate 34 so as to closely surround
the downstream end portion of throat 28, said downstream
end portion flaring slightly as it enters within the lip 36
50 as to form a close fit therein in a manner to prevent
leakage of exit air around the wheel and back into the
fan wheel interior. The fan wheel is of generally conven-
tional construction, and includes a plurality of blades 38
suitably secured between the side plates 32 and 34. Plate
32 is suitably affixed to a drive shaft 40 which may be
driven directly from a motor (not shown) or belt-driven
as desired,

Tt will be appreciated that operation of the fan is
such that gas is drawn through the inlet throat 28 into
the interior of fan 30, from whence the fan rotation is
effective to carry the gas outwardly through the fan blades
so as to be discharged through opening 24.

Fixedly extending across the discharge opening 24 is a
rod 42 which serves to mount the upper curled end por-
tion 44 of a cut-off structure 46. It will be noted from
FIG. 3 that cut-off structure 46 extends from housing
side wall 16 to a point in radial alignment with fan wheel
side plate 34 so that the portion of discharge opening 24
in radial alignment with fan wheel 30 is entirely unob-
structed from wall portion 26 to wall portion 22. By this
arrangement there is provided a relatively large discharge
area from the wheel which promotes a high volumetric
delivery.

As the fan wheel rotates in the arrow 48 direction the
gas issuing from the blades tends to fan out in lateral di-
rections (i.e., to the left of plate 34 in FIG. 3) so as to be
discharged in the left portion of discharge opening 24. Tt
has been found that provision of the cut-off structure 46
(extending only to a point in radial alignment with plate
34) has the desirable effect of intercepting a portion of
this left-most gas and recirculating it around the exterior
surface of inlet throat 28, Without the provision of cut-
off structure 46 the efficiency of the fan appears to be
less than when such a cut-off structure is employed.

In the FIG. 1 embodiment there is extended between
cut-off structure 46 and the surface of throat 28 a rela-
tively narrow band 58, which may be fixedly connected
to the structures 46 and 28 by riveting, bolting, welding
or the like. The inlet throat 28 is in the illustrated em-
bodiment curved at its point of connection with band 50,
and the band is in actual practice twisted slightly from a
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flat confipuration when it is installed in pesition. Also
the bund is preferably provided with a cut-away at
52 (FIG, 3) for cnabling it to clear the lip 36 on the
wheel 30 while maintaining a fairly close pozition adja-
cent the wheel side plate 34. Preferably the spucing be-
tween band 30 and plate 34 is in the neighborhood of one-
half inch or less for relatively small fon wheels, as for
example a forty inch diameter wheel.

Band 58 serves to intercept some of the very turbulent
gas adjacent plate 34 and deflect it outwardly through the
discharge opening 24. The action is such as to prevent
much of the turbulence which would cccur at the juncture
between the relatively fast moving gas in radial alignment
with wheel 39 and the relatively slow moving gas to the
left of the wheel, Wiihout the provision of band 56 the
different speeds of the air in the two zones tends to pro-
mote a turbulence at the zone juncture so as to reduce
the operating efficiencies.

1t will be noted from FIG. 3 that the left cdge 5% of
band £6 is spaced a considerable distance froem housing
wall 16 so that a gas recirculation space of considerable
extent is provided around the throat 28. In un illusira-
tive example band 50 has an axial dimension {i.e., paral-
lel to rod 42) of about three inches in a construction
wherein the wheel 30 is spaced from the side wall 16 by
twelve inches. The actual width of the member 50 is de-
termined to a large extent by the diameter of wheel 30,
in general the axial dimension of member 56 being less
than one-tenth the wheel diameter. Thus, in a construe-
tion having a twenty-scven inch diameter wheel the band
58 was provided with a two inch axial dimension. In a
construction having forty inch diameter wheel the band
was given an axial dimension of about three inches, and
in a construction having a one hundred thirty-two inch
wheel diameter the band was given an axial dimension
of ten inches. In fan constructions the inlet throat 28
and the wheel 30 are varied in accordance with the wheel
diameter. Thus the width of the wheel and the axial
length of the throat 28 are substantially larger for the
larger diameter wheels. The throat is usually about the
same length as the axial width of the wheel! in any given
installation.

In operation of the fan construction shown in FIGS. 1
through 3, the wheel was driven at various different
speeds, and the wheel was found to give higher efliciencies
over a relatively wide range of speeds than prior art con-
structions. As previously pointed out, in many commer-
cial installations there is some sacrifice in efficiency in
some instances, particularly when the user is concerned
with initial cost or size of the unit. Thus the fan should
deliver a relatively high peak efficiency at moderate de-
liveries as well as a relatively high efliciency at other de-
livery conditions. This does not mean to imply that the
efficiency of the FIG. 1 fan is the same over all speed
ranges, but is is rather meant to indicate that the diop
in efficiency which normally takes place in the relatively
higher delivery ranges is not as great as with the prior
art arrangements. This result is attained without sacrifice
in peak efficiency. In fact the peak efficiency of the F1G.
1 embodiment is as great or greater than competitive units,

The improved results of the FIG. 1 construction are
achieved through the cut-off structure 46 in combination
with the anti-turbulence band 50, the arrangement being
such as to materially reduce a turbulence adjacent the side
edge of the wheel while allowing a controlled recircula-
tion of gas around the inlet throat. It has been found
that the design of FIG. 1 is susceptible to effective utiliza-
tion in centrifugal fans of relatively small dimension as
well as the relatively larger size fans.

The embodiment shown in FIG. 4 is similar to that
shown in FIG. 1 in many respects, and similar reference
numerals are employed wherever applicable. In the FIG.
4 embodiment the fan housing is identical with that shown
in FIG. 1. Also the inlet throat 28 is the same and the
wheel 30 is the same. The partial cut-ofl ut 46« extends
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to a point in radial zlignmcat with the left side plate of
the fan wheel in the same manner as that shown in FIG. 3.
However the cul-off structure 48« is cxtended as a rela-
tively flat wall structure so as to define a relatively wide
manth portion 6% for accommadating the recirculation
gas. The uction of cut-off structure 464 is such as to inler-
cept the relatively slowly moving gas and direct it around
the inlet throat 28. The FIG. 4 structure does not utilize
a fill-in band similar to band 29 of the FIG. 1 embodi-
iment. The peak efficiency of the FIG. 4 arrangement is
comparatively good, but the efficiency in the higher spead
ranges is somewhat less than with the FIG. 1 construc-
tion.

It will be understood that, while specific cmbodiments
of the invention have been shiown in the drawings and de-
scribed herein, yct vaviations therefrom will occur to those
skilled in the art, and modifications muay e employed
without departing from the spirit of the invention as set
forth in the appended claims.

I claim:

1. The combination comprising a fan housing includ-
ing two substantially parallel side walls; at least one of
said side walls having an inlet opening therein; an inlet
throat structure extending into the housing from said
inlet opening; a centrifugal fan wheel within the housing
in alignment with the inlet throat structure for receiving
gas within its interior; said fan housing defining a dis-
charge opening extending entirely across the space be-
tween the side walls; a cut-off structure extending within
the discharge opening from said one side wall to a point
in substantial radial alignment with a side surface of the
wheel to intercept a portion of the gas discharged from
the wheel and recirculate it around the outside of the
annular inlet throat; and a wall structure extending from
the cut-off structure toward the throat structure adjacent
a side surface of the fan wheel for intercepting a portion
of the gas discharged from the wheel and deflecting it
through the discharge opening.

2. The combination comprising a fan housing having a
side wall provided wiih an inlet opening; a discharge
opening for said housing; a cenirifugal fan wheel within
said housing but spaced a substantial distance from said
side wall; and a wall structure positioned within the fan
housing adjacent a side surface of the fan wheel 1o in-
tercept a portion of the gas discharged from said wheel
and direct it through the discharge opening; said wall
structure being spaced a substantial distance from said
housing side wall 1o define an open space for permitting
a portion of the gas discharged from the wheel to re-
circulate within the fan housing.

3. The combination of claim 2 wherein the diameter
of the fan wheel is at least ten times the axial dimension
of the wall structure.

4. The combination comprising a fan housing having a
discharge opening and side wall provided with an inlet
opening; a centrifugal fan wheel within said housing but
spaced a substantial distance from said side wall; a frustro-
conical inlet throat extending from said side wall for con-
veying gas into the wheel; said fan whee! including an an-
nular side plate having a lip portion located adjacent an
end of the throat; and a wall structure positioned within
the fan housing adjacent the annular side plate of the wheel
to intercept a portion of the gas discharged from said
wheel and direct it through the discharge opening; said
wall structure being spaced a substantial distance from
said housing side wall to define an open space for permit-
ting a portion of the gas discharged from the wheel to re-
circulate within the fan housing.

5, The combination of claim 11 wherein the axial di-
mension of the inlet throat is approximately the same as
the axial width of the fan wheel, wherein the diameter of
the fan wheel is at least ten times the axial dimension of
the wall structure, and wherein the space between the wall
siructure and housing side wall is substantially larger than
the axial dimension of the wall structure.
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6. The combination comprising a fan housing having
an inlet opening and a discharge opening; a centrifugal
fan wheel positioned within said housing; an inlet throat
extending from the inlet opening toward the fan wheel;
said discharge opening being substantially the same width
as the housing; and a cut-off structure within the dis-
charge opening extending in radial registry with the inlet
throat and out of radial registry with the fan wheel; said
cui-off structure terminating a substantial distance from
the inlet throat to intercept a portion of the gas discharged
from the wheel and direct it around the outside of the
inlet throat.

7. The combinajon of claim 6 wherein the cut-off struc-
ture is formed as a substantially flat wall extending paral-
lel with the plane of the discharge opening.

8. The combination comprising a scroll-shaped fan
housing having an inlet opening and a discharge open-
ing; a cylindrical fan rotor within the housing with its
eye aligned with the inlet opening; an inlet throat extend-
ing from said inlet opening toward the eye of the fan;
a gas cut-off wall in the discharge opening in radial align-
ment with the inlet throat and out of radial alignment
with the rotor so as to iniersect a portion of the gas dis-
charged from the rotor and recirculate it around the inlet
throat within the housing; and a band extending from
the cut-off wall toward the inlet throat and beyond the
periphery of the fan rotor at a pomt closely adjacent the
side surface of the fan rotor for intercepting a portion
of the gas discharged from the rotor and directing it
through the discharge opening.

9. The combination comprising a scroll-shaped fan
housing having an inlet opening and a discharge opening;
a cylindrical fan rotor within the housing with iis eye
aligned with the inlet opening; and an inlet throat extend-
ing from said inlet opening to the eye of the fan; a gas
cut-off wall in the discharge opening in radial alignment
with the inlet throat and out of radial alignment with the
roior so as to intersect a portion of the gas discharged
from the rotor and recirculate it around the inlet throat
within the housing; and a band extending from the cut-off
wall toward the inlet throat and beyvond the periphery
of the fan rotor at a point closely adjacent the side sur-
face of the fan rotor for intercepting a portion of the gas
discharged from the rotor and directing it through the dis-
charge opening; said band being spaced from the housing
to provide a space around the inlet throat for accom-
modating recirculation of gas.

10. The combination comprising a fan housing includ-
ing two substantially parallel side walls; one of said side
walls having an inlet opening therein; an inlet throat struc-
ture extending into the housing from said inlet opening;
a centrifugal fan wheel within the housing in alignment
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with the inlet throat structure for receiving gas within its
interior; said fan housing defining a discharge opening
extending entirely across the space between the side walls;
a cut-off structure extending within the discharge open-
ing from said one side wall to a point in substantial radial
alienment with a side surface of the wheel to intercept a
portion of the gas discharged from the wheel and recir-
culate it around the outside of the annular inlet throat;
and a wall structure extending along a side surface of said
fan wheel in the space between the cut-off structure and
throat structure for intercepting a portion of the gas dis-
charged from the wheel and deflecting it through the dis-
charge opening.

11. In a centrifugal fan having a housing including a
side wall defining an inlet opening, an outlct cpening, a
fan wheel positioned in the housing, and havingz one side
spaced from the inlet opening, the outlet opening being
wider than the fan wheel, and with an inlet throat ex-
tending from the inlet opening to the spaced side of
the fan wheel, the improvement of a cut-off wall extend-
ing across a portion of the outlet opening from a point
adjacent the spaced side of the wheel toward the inlet
side of the housing and an anti-turbulence baffle extend-
ing from the cut-off wall toward the inlet throat and
positioned adjacent the spaced side of the fun wheel.

12. In a centrifugal fan having a housing including
a side wall defining an inlet opening, an outlet open-
ing, a fan wheel positioned in the housing and having
one side spaced from the inlet opening, the outlet open-
ing being wider than the fan wheel, and with an inlet
throat extending from the inlet opening to the spaced
side of the fan wheel, the improvement of a cuteff wall
extending across a portion of the outiet opening from a
point adjacent the spaced side of the fan wheel to the
inlet side of the housing, and an anti-turbulence baffle
extending from the cut-off wall toward the inlet throat
and positioned adjacent the spaced side of the fan wheel,
said anti-turbulence baffic comprising a relatively narrow
band twisted slightly from a flat configuration, and said
band being cut-away to a configuration conforming to
the spaced side of the fan wheel.
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