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This invention relates in general to an axial flow fan
construction and, more particularly, to a type thereof in-
cluding a housing construction defining concentric, an-
nular passageways and an axial flow impeller having two
sets of blades, one set being disposed within the inner-
most passageway and the other set being disposed within
the outermost passageway, said blades being arranged to
effect axial flow of gas through said annular passageways
in opposite axial directions.

Gas-moving, such as ventilating, apparatus having a
dual impeller capable of simultanecusly moving gas or
air in opposite directions along adjacent paths is well
known in the art. For example, Stirling Patent No.
2,790,596 discloses a “dual fan construction” which is
representative of the prior art. However, there are sev-
eral very important differences between the dual fan con-
structions of the prior art and the applicant’s improved
structure, such differences being closely related to, or
having evolved from, the fact that the efficiency of air
flow is seriously and adversely affected by the presence in
said air flow of any structure which tends to crease tur-
bulence. It is well known that axial flow fans, particu-
larly of the propeller type, are not normally able to de-
velop total pressures which are as great as those developed
by centrifugal fans of an equivalent diameter. Moreover,
axial flow fans are usually operated at relatively high tip
speeds where losses resulting from turbulence are usually
magnified. Thus, if turbulence can be reduced in an
axial flow fan unit, then a greater pressure head is avail-
able for useful work, such as drawing or forcing air
through ducts connected to the fan unit. It is also recog-
nized that the shape and arrangement of the blades in an
axial flow fan can materially affect its performance.

Accordingly, a primary object of this invention has
been the provision of an improved, dual fan construction
having wall structure defining a pair of coaxial, annular
passageways which are carefully designed to minimize re-
sistance to the axial flow of gas or air (hence turbulence)
through said passageways in respectively opposite axial
directions.

A further object of this invention has been the pro-
vision of a dual fan construction, as aforesaid, including
a single, axial flow impeller having two sets of axial flow
blades arranged in two concentric circles, the outer blades
being disposed within the outer annular passageway and
the inner blades being disposed within the inner annular
passageway for effecting movement of air through said
passageways simultaneously in opposite axial directions
when said impeller is rotated in one rotational direction.

A further object of this invention has been the pro-
vision of a dual fan construction, as aforesaid, which is
completely weatherproof when mounted for normal use
as a ventilator, which is provided with baffles whereby
the exhaust air discharged by said impeller is directed
away from the zone from which fresh air is being drawn
into the fan construction by said impeller.

A further object of this invention has been the pro-
vision of a dual fan construction, as aforesaid, which is
pleasing in appearance, which is compact, which can be
used in an axially horizontal or an axially vertical posi-
tion substantially interchangeable, which is very simple
to install and which reguires a minimum of maintenance.

Other objects and purposes of the invention, particu-
larly where other uses are involved, will be apparent to
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persons familiar with this type of equipment upon read-
ing the following descriptive material and examining the
accompanying drawings, in which:

FIGURE 1 is a side elevational view of a dual fan con-
struction embodying the invention.

FIGURE 2 is a sectional view taken along the line
II—II in FIGURE 1.

FIGURE 3 is a sectional view taken along the line
JiI—1I1 in FIGURE 2.

FIGURE 4 is a sectional view taken along the line
IV—IV in FIGURE 2.

FIGURE 5 is a sectional view substantially as taken
along the line V—V in FIGURE 4.

FIGURE 6 is an obligue view of said impeller.

For convenience in description, the terms “upper,”
“lower” and words of similar import will have reference
to the dual fan construction of the invention, as shown
in FIGURES 1 and 2, which illustrate its normal position
of operation when used as a roof ventilator. However,
it will be recognized that such reference would not be
applicable where the fan construction is mounted, for
example, upon a side wall. The terms “inner,” “outer”
and derivatives thereof will have reference to the central
rotational axis of the impelier, hence, the central com-
mon axis of the wall members in which said impeller is
supported.

General Description

The objects and purposes of the invention, including
those set forth above, have been met by providing a fan
housing including three coaxial and substantially cylindri-
cal wall structures arranged in radially spaced and radially
aligned positions to define inner and outer, concentric
and annular passageways through which gas, such as air,
can be moved in opposite axial directions by a dual, axial
flow impeller mounted within said housing. The impeller
has two conceniric sets of blades respectively disposed
within the inner and outer passageways of the housing
for simultaneously effecting said air flow in opposite axial
directions. The impelier is supported by a shaft and bear-
ing structure which is disposed within the zone defined
by the inner wall structure and which is connected to
suitable drive mechanism. The impeller housing includes
appropriate baffles near the upper ends of the inner and
outer passageways for directing the exzhausted air up-
wardly away from the supply of fresh air. Under nor-
mal circumstances, the exhaust air moves through the
inner passageway and the fresh air moves through the
outer passageway to facilitate such separation.

Detailed Construction

The dual fan construction 1§ (FIGURES 1 and 2),
which illustrates a preferred embodiment of the inven-
tion, includes a fan housing 11 supported upon a base 12
and containing an axial flow impeller 13 rotatably dis-
posed therein. More specifically, the base 12, in this par-
ticular embodiment, is a relatively flat and rectangular
structure fabricated from sheet metal and including a hori-
zontal top wall 16 and four upright side walls 17 which
are supported upon the upper surface of a roof 18, in
this particular embodiment. Additional support elements
22 may be disposed between the top wall 16 and the roof
18 to support or strengthen the base 12. The roof 18
preferably has a relatively large, central opening 1% which
is covered by the base 12 and which cooperates with the
fan housing 11 in a manner discussed hereinafter.

The fan housing i1 (FIGURES 2, 3 and 4) has an
outer, preferably cylindrical casing 23 which, for a roof
mounting of the dual fan 10, is axially vertical and is
supported upon the top wall 16 of the base 12. Said top
wall 16 has a central opening 24 with an upright, annular
flange 26 which is snugly sleeved within and secured to



3,143,283

3
the lower end of the outer casing 23, as by welding. A
sleeve or duct 30, which preferably is larger in diameter
than the oufer casing 23, may be held within the opening
19 in the roof 18 so that it extends upwardly into the
base 12 and to the top wall 16 thereof.

An intermediate wall 27 (FIGURE 2) is comprised of
upper and lower, coaxial and preferably cylindrical wall
portions 28 and 29 which are axially spaced from each
other a selected distance. The upper wall portion 28 is
preferably slightly larger in diameter than the lower wall
poriion 29, and both wall portions are held coaxially
within and radially spaced from the outer casing 23 by
support fins or brackets 32. An exhaust duct 34 may
be sleeved within or upon the lower end of the interme-
diate wall 27 and extends therefrom into the interior of
the building.

The inner wall 36 (FIGURE 2) is comprised of co-

axial, upper and lower wall portions 37 and 38 which
are preferably cylindrical and are axially spaced from
each other a selected distance. The wall portions 37 and
38 are rigidly held coaxially within and spaced from the
wall portions 28 and 29, respectively, by means of sup-
port fins or brackets 39. The upper and lower ends of
the wall portions 37 and 38, respectively, are closed by
hemispherical caps 42 and 43.
- A shaft 44 (FIGURE 2) is coaxially and rotatably
supported within the chamber 46, defined within the in-
ner wall 36, by a bearing assembly 47 which may have
conventional thrust and/or radial bearings 59 therein.
The bearing assembly 47 is mounted upon a bearing sup-
port 48 which is in turn secured to the wall portion 38
within the chamber 46. " A pulley 49 is mounted upon
the lower end of the shaft 44. Belt openings 52, 53 and
54 are provided respectively through the outer casing 23,
lower wall portion 29 and lower wall portion 38 in ra-
dial alignment with the puiley 49.

The axial flow impeller 13 (FIGURES 2, 4 and 6) has

a center structure 57 including a hub 58 into which the
upper end of the shaft 44 is snugly received and held by
means including a set screw 59 and a key 60. The center
structure 57 has a coaxial, cylindrical flange 63 which
has an outside diameter preferably substantially equal to
the outside diameter of the inner wall 36. Said cylin-
drical flange 63 extends between and closely adjacent to
the opposing eads of the wall portions 37 and 38. How-
ever, the space therebetween is sufficient to avoid inter-
ference of the wall portions with the rotation of the cen-
ter structure 57, hence with the impeller 13.
. A first set 65 of axial flow blades 64 (FIGURES 4, 5
and 6) are preferably integral with and extend radially
from the cylindrical flange 63 at uniform intervals around
the periphsral surface thereof. The lower, axial edges of
the blades 64 and the cylindrical flange 63 preferably lie
substantially within a horizontal plane adjacent to, but
spaced slightly upwardly from, the upper edges of the
wall portions 29 and 38. The lower end of the upper
wall portion 28 of the intermediate wall 27 extends down-
wardly around the tips of the inner blades 64 about half
the axial length therecf and is spaced radially outwardly
from said blades. - A flat annular element or cylindrical
band 66 snugly encircles and is secured to the tips of the
blades 64 between the opposing ends of the wall portions
28 and 29, said band being of substantially the same di-
ameter as the lower wall portion 29.

As shown in FIGURE 5, the inner blades 64 are curved
and their concave sides face in the direction of rotation.
The radins of curvature of the concavity decreases from
the tip of each blade 64 toward the root thereof, and the
angle between the rotational plane of the impeller and
the chord line extending across the concave face of each
blade 64 increases from the blade tip toward the blade
tip toward the blade root. Although the particular blade
configuration is capable of producing a highly acceptable
performance as regards both efficiency and capacity, other
configurations may be utilized. "The blades 64 are pre-
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ferably integral with the flange 63, hence the center struc-
ture 57, of the impeller 13.

The blades 67 (FIGURES 2 and 4) in a second set
70 of axial flow blades have flanges 69 at their roots
which are preferably secured to the annular band 66 by
means, such as rivets 68, which extend through the band
66. The blades 67 are located at uniform intervals along
the band 66 and they extend radially from said band to-
ward and close to the outer casing 23. As shown in
FIGURE 6, the outer blades 67 are slightly and trans-
versely curved so that they each have a concave surface
facing partially downwardly and partially in the direc-

~ tion of their rotation.
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In this particular embodiment, the outer blades 67
(FIGURE 2) are substantially longer radially than the
inner blades 64 and said outer blades extend in an axial
direction about the same distance as the axial length of
the band 66. Accordingly, the annular passageway 72
between the outer casing 23 and the intermediate wall
27 has a larger radial dimension than the radial dimen-
sion of the annular passageway 73 between the interme-
diate wall 27 and the inner wall 36. Furthermore, the
blades 64 and 67 (FIGURE 4) are preferably arranged
so that rotation of the impeller 13 in a counterclockwise
direction, as appearing in FIGURE 4, effects a downward
movement of air through the outer passageway 72 and an
upward movement of the air through the inner passage-
way 73.

An annular baffle 74 (FIGURES 2 and 3) has a coax-
ial opening 75 approximately equal to the outside diame-
ter of the upper portion 28 of the wall 27. Said baffle
74 has a flange 79 around said opening 75, which flange
is sleeved over the upper end of said wall portion 28
where it may be secured, as by welding, to said wall por-
tion 28. The baffle 74 is also held by brackets 76, which
are secured to and extend between said baffle 74 and the
upper end of the casing 23. The inlet passage 86 defined
between the baffle 74 and the upper end of the casing 23
is preferably at least equal to the cross-sectional area of
the annular passageway 72. Said baffle 74 has an out-
wardly and downwardly curving flange 77 which serves
as a weather guard and defines with the upper end of
said casing 23 said inlet passage 86 to the upper end of
the outer passageway 72.

An annular deflection baffle 78 (FIGURE 2) has a

Central opening 81 which encircles the flange 79 on said
baffle 74. The bafile 78 is mounted concentrically upon
the upper surface of the baffle 74 and may be secured
thereto, as by rivets or the like. The baffle 78 has an
outer flange 82 of relatively shallow depth which curves
upwardly and outwardly, and which combines with the
flange 79 to provide an annular, upwardly facing cavity.
Bleed openings 88 may be provided in the lower portion
of the flange 82 to permit the escape of moisture which
can collect within the baffle 78. The baffle 78 extends
radially slightly beyond the cylinder defined by the outer
casing 23. ) '
A downwardly opening, bowl-shaped cover 83 (FIG-
URES 1 and 2) is supported by brackets 84 upon the in-
ner flange 79 of the baffle 74 so that the rim 85 of the
cover 83 is spaced upwardly from the baffle 78. The
diameter of the cover 83 is preferably slightly less than
the outside diameter of the baffle 78 so that gas or air
discharged between the rim 85 and flange 82 is deflected
upwardly by said flange 82. The spacing between the
rim 85 and the flange 82 is such that the area defined
therebetween is preferably at least equal to the cross-sec-
tional area of the inner passageway 73, so that the move-
ment of air upwardly through said passageway 73 is not
obstructed as it is discharged between the rim 85 and
flange 82.

The motor mounting pad 87 (FIGURES 2 and 4) has
a pair of flanges 88 at the opposite ends thereof, which
flanges are secured rigidly to the outside wall of the cas-
ing 23 so that said pad 87 is substantially tangent to said
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casing 23. A motor 89 is mounted upon the pad 87 by
means, such as the bolts 92, so that its shaft extends
downwardly for support of the pulley 93, which is in
alignment with the belt openings 52, 53 and 54 in the
casing 23 and walls 29 and 38, respectively. A plurality,
here two, of belts 94 extend through said belt openings
and around the pulleys 93 and 49, whereby the motor 89
can rotate the impeller 13. The motor 89 may, if de-
sired, be encased within a removable cover 96, which
may be supported upon the casing 23 and/or the base 12.

In this particular embodiment of the invention, as shown
in FIGURE 2, the lower end of the intermediate wall 27
is connected to the exhaust duct 34 through which air or
gas is drawn into the annular passageway 73 from, in
this particular embodiment, a space directly below the
dual fan construction 19. However, the duct 34 can be
extended, within the limits of the fan performance, so
that it communicates with an air space located away from
the space directly below the dual fan. A wall, which is
indicated by broken lines at 97 in FIGURE 2, may be
provided to direct the supply of air sidewardly away from
the space directly below the dual fan. Obviously, other
arrangements for specific conditions of circulation and
the like may be provided.

Operation

The operation of the dual fan construction 1¢ of the
invention is probably apparent from the above detailed
description. However, to summarize, energization of
the motor 89 effects rotation of the pulleys 93 and 49
and the shaft 44 whereby the impeller 13 is rotated in a
counterclockwise direction, as appearing in FIGURE 4,
so that the blades 64 and 67 cause the gas, such as air,
to move upwardly through the inner passageway 73 and
downwardly through the outer passageway 72. It will
be recognized that the blades 64 and 67 can be arranged
so that they move the air through the passageways 73
and 72, respectively, in the same axial directions, if such
is desired. The blades 64, in this particular embodiment,
are designed to develop a higher total pressure and to
be more efficient than the outer blades 67. This tends to
compensate for the fact that the cross-sectional area of
the outer passageway 72 is greater than the cross-sectional
area of the inner passageway 73. Moreover, it insures a
more positive removal of the air from within the zone
communicating with the duct 34,

By virtue of the described shapes of the baffles 74 and
78, the exhaust air discharged by the impeller 13 is posi-
tively directed upwardly as it departs from the housing
11. The fresh air drawn into the inlet passage 86 by im-
peller 13 is received from a position below said baffles.
The convection currents normally tend to augment this
positive separation between the flow patterns of supply
and exhaust gases. This combination is very important
since it prevents the recircualtion of the exhaust gas which
may be contaminated or otherwise undesirable for re-
use.

The end caps 42 and 43 not only tend to streamline
the flow of air or gas into and out of the inner passage-
way 73, but also help to house the bearing assembly 47,
the pulley 49 and the center structure 57 within the cham-
ber 46 where they cannot create turbulence in the air
flow through the housing 11. By radially offsetting the
upper wall portion 28 outwardly with respect to the lower
wall portion 29 of the intermediate wall 27, the inner
passageway 73 is, in effect, expanded upwardly from a
point between the axial sides of the blades 64, and the
outer passageway 72 is expanded below the blades 67.
This tends to reduce not only the resistance to flow of the
air as it departs the two sets of blades but also the velocity
head thereof so that the losses incident to friction and
turbulence are further reduced. The overlap of the blades
64 by the lower end of the wall portion 28 reduces turbu-
lence and minimizes bleeding from the passageway 73
into the passageway 72, due to the opening between the
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wall members 28 and 28. Moreover, this offsetting of
the two wall portions 28 and 29 places their opposing,
adjacent edges where their effect upon the air flow through
the passageways 72 and 73 is minimized. Accordingly,
the fan 10 has been designed so that those losses result-
ing from friction and turbulence, which tend to reduce the
efficiency of the air movement, have been reduced to a
minimum for the dual type of fan construction.

Although a particular preferred embodiment of the in-
vention has been described in detail above for illustrative
purposes, it will be understood that variations or modifica-
tions of such disclosure, which come within the scope of
the appended claims, are fully contemplated.

‘What is claimed is:

1. A power ventilator for effecting the simultaneous
flow of gas in opposite parallel directions through two
adjacent paths therein, comprising:

a casing having a substantially circular cross section
and being open at the axial ends thereof;

an intermediate, substantially cylindrical wall structure
coaxially disposed within and spaced from said cas-
ing to define a first annular passageway extending
axially of said casing, said wall structure including
first and second, axially spaced wall members;

an inner, substantially cylindrical wall structure dis-
posed coaxially within and radially spaced from the
intermediate wall structure to define therewith a
second annular passageway extending axially of said
intermediate structure and being independent of
said first passageway, said inner wall structure in-
cluding first and second axially spaced wall mem-
bers;

an axial flow impeller disposed between the first and
second wall members of said inner wall structure and
of said intermediate wall structure, said impeller
having a first set of blades located within said second
annular passageway, said blades being arranged and
shaped to effect a flow of gas through said second
annular passageway in one axial direction, said im-
peller having a second set of blades located within
said first anmular passageway, said second set of
blades being arranged and shaped to effect the flow
of gas through said first annular passageway in the
opposite axial direction, said second set of blades
being of greater radial extent than, and having about
one half of the axial extent of, said first set of blades,
and said first set of blades being capable of develop-
ing during rotation of said impeller at substantially
normal operating speed, a higher total pressure than
the total pressure developed by the second set of
blades; and

means supporting said impeller for rotation coaxially
within said casing whereby the gas flow is effected,
said support means being disposed within and se-
cured to said inner wall structure.

2. A power ventilator for effecting the simultaneous
flow of air in opposite parallel directions through two
adjacent paths therein, comprising:

a substantially cylindrical casing;

a substantially cylindrical, intermediate wall structure
coaxially disposed within and spaced radially from
said casing to define therewith a first annular pas-
sageway opening through the opposite axial ends of
said casing, said wall structure including first and
second axially spaced, cylindrical members rigidly
mounted in said casing;

a substantially cylindrical, inner wall structure coaxially
disposed within and radially spaced from said inter-
mediate wall structure to define therewith a second
anmilar passageway opening through the opposite
axial ends of said intermediate wall structure, said
inner wall structure including first and second, axially
spaced, cylindrical wall members firmly mounted
in said intermediate wall structure;

an impeller hub structure including a coaxial, cylin-
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drical rim disposed between and adjacent the op-
posing axial ends of said wall members so that said
rim forms a part of the peripheral surface of said
inner wall structure;

shaft means engaging said hub structure and support
means disposed within said inner wall structure for
rotatably supportmg said shaft means coaxially w1th-
in and upon said inner wall structure;

a first set of axial flow blades secured to said cylindrical
rim and extending radially from said rim at uniform
intervals therearound, said blades being arranged to
effect the flow of air along said second passageway
in one axial direction, approximately one half of
the axial extent of each blade being encircled by the
adjacent end of said first cylindrical member of said
intermediate wall structure;

an annular element secured to and encircling the pe-
ripheral ends of said first set of blades, said annular
element being located between the opposing axial
ends of said cylindrical members of said ‘interme-
diate wall structure, the axial extent of said annular
element being such that substantially all the remain-
ing axial extent of said first set of blades is encircled
by said annular element;

a second set of axial flow blades secured to said an-
nular element and extending radially therefrom at
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uniform intervals therearound, said second set of
blades being of lesser axial extent and of greater
radial extent than said first set of blades, said second
set of blades being arranged to effect the flow. of
air along said first passageway in the other axial di-
rection; and

drive means connected to said shaft means for effecting

unidirectional rotation thereof, whereby said first
and second sets of blades effect said axial flow of air
through said passageways.

3. A structure according to claim 2 wherein said an-
nular element and the second cylindrical member of said
intermediate wall structure are downstream of said first
cylindrical member along said first passageway and have
smaller diameters than the diameter of said first cylindri-
cal member.
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