
WO 01/18324 PCTAJSOO116651  ACOUSTIC SILENCER NOZZLE FIELD OF THE INVENTION
The present invention relates in general to nozzles for ventilation fans,
and  more particularly, to high velocity silencer nozzles for use with
exhaust fans. 5 BACKGROUND OF THE INVENTION Prior art devices have been
designed to provide a high velocity jet for  exhausting atmosphere :and
other gases, as described in, for example, U.S. Patent No.  4,806,076,
issued to Andrews, and U.S. Patent No. 5,439,349, issued to Kupferberg.
These  exhaust fans are typically mounted onthe roofareas of buildings and
are used to carry exhaust 10 gases as high as possible above the roof line
of the building so as to ensure an effective final  dilution of the gases
within the greatest possible volume of ambient air and their dispersal
over a large area with maximum dilution. The fan in U.S. Patent No.
4,806,076 has a nozzle  in which two converging flow paths are defined by
two respective passageways. The walls  forming these passageways are shaped
as sectors of conical sections. A wind band is provided 15 at one end of
the two passages at the outlets thereof to provide an entrainment of fresh
air to  mix with the gases exhausting from the two passageways.
Conventional exhaust fans for moving large volumes ofair often generate
high  levels of noise which is undesirable. As a result, a wide variety of
fan silencing equipment  has been proposed to absorb fan noise, thereby
reducing fan noise to an acceptable level. 20 However, conventional
silencers are used at the fan portion of the device, and do not control WO
01/18324 PCT/US00/16651  -2 noise at the nozzle or outlet portion. These
conventional silencers are undesirable for several  reasons, including
because they lead to an increase in the overall height of the fan device
and  they are limited to a relatively low air distribution velocity (on the
order of less than about  3000 feet per minute) in which they are effective
(i.e., provide maximum attenuation without 5 themselves generating any
significant additional noise). Therefore, a need exists for a device  that
controls noise at the nozzle or outlet portion to reduce the height of a
fan or other device  



and provide a relatively high air distribution velocity, without adding
significantly to system  pressure. SUMMARY OF THE INVENTION 10 The present
invention is directed to an acoustic silencer nozzle for apparatus  such as
ventilation and exhaust fans. The nozzle provides at least two converging
exhaust  paths, each of which extend through an area that is adjacent to
any acoustically absorbing  media or resonating chambers. In this. manner,
the noise is reduced at the nozzle or outlet  portion and provides a tight
plume of high velocity flow. Preferably, the nozzle has at least 15 one
opening that allows for ambient atmospheric airto mix with the exhaust
gases at the outlet  of the nozzle. According to one embodiment of the
present invention, an acoustic silencer  nozzle comprises: first and second
outer wall sections each approximately shaped as a partial  conical section
being concave toward each other, or cylindrical or straight on the inner
walls, 20 and being oppositely positioned with respect to one another, at
least a portion of each of the  first and second outer wait sections
comprising a perforated material, at least one first upper  air outlet and
at least one second upper air outlet for releasing exhaust gases therefrom;
a first  outer sheath disposed adjacent the portion of the first outer wall
section comprising the  perforated material to define a first outer
enclosed space; a second outer sheath disposed 25 adjacent the portion of
the second outer wall section comprising the perforated material to  define
a second outer enclosed space; a. first inner wall section positioned in
spaced relation  with respect to the first outer wall section, the first
inner wall section being approximately  shaped as a partial conical,
cylindrical, or straight section being convex or straight toward the  first
outer wall section to define at least one first exhaust flow path
therebetween adapted to 3 0 receive exhaust gases and guide same to release
upwardly through the first upper air outlet, WO 01/18324 PCT/USOO/16651  -3
a first inner sheath disposed adjacent the portion of the first inner wall
section comprising the  perforated material to define a first inner
enclosed space; a second inner wall section  positioned in spaced relation
with respect to the second outer wall section, at least a portion  



of each of the first and second inner wall sections comprising aperforated
material, the second 5 inner wall section being approximately shaped as a
partial conical, cylindrical, or straight  section being convex or straight
toward the second inner wall section to define at least one  second exhaust
flow path therebetween adapted to receive exhaust gases and guide same to
release upwardly through the second upper air outlet, the first and second
exhaust flow paths  converging; a second inner sheath disposed adjacent the
portion of the second inner wall 10 section comprising the perforated
material (or other similar material such as expanded metal  or foam) to
define a second inner enclosed space; acoustically absorbing media disposed
in  the first and second outer enclosed spaces and the first and second
inner enclosed spaces; at  least one first end wall extending from the
first inner wall section to the first outer wall section  to confine gases
passing therebetween within the first exhaust flow path, the first exhaust
flow 15 path passing the first outer enclosed space and the first inner
enclosed space; at least one  second end wall extending from the second
inner wall section to the second outer wall section  to confine gases
passing therebetween within the second exhaust flow path, the second
exhaust flow path passing the second outer enclosed space and the second
inner enclosed  space to absorb noise through the sections comprising the
perforated material (or other similar  20 material such as expanded metal
or foam) into the acoustically absorbing media. BRIEF DESCRIPTION OF THE
DRAWINGS The foregoing and other aspects ofthe present invention will
become apparent  from the following detailed description of the invention
when considered in conjunction with  the accompanying drawings. For the
purpose of illustrating the invention, there is shown in 25 the drawings an
embodiment that is presently preferred, it being understood, however, that
the  invention is not limited to the specific methods and instrumentalities
disclosed. In the  drawings: FIG. 1 is a front plan view of an exemplary
acoustic silencer nozzle in  accordance with the present invention
incorporated into an exhaust fan; 30 FIG. 2 is a front cross sectional view
of the silencer nozzle of FIG. 1; - ------- -------  WO 01/18324
PCT/US00116651  



-4- FIG. 3 is .a side cross sectional view of the silencer nozzle of FIG. 1
as taken  along lines 3-3 in FIG. 1; FIG. 4 is a front plan view of
exemplary acoustic silencer nozzle in accordance  with the present
invention showing the usage of a wind band positioned therearound; 5 FIG. 5
is a cross sectional view of an exemplary acoustic silencer nozzle of the
present invention as shown in FIG. I along lines 5-5; FIG. 6 is across
sectional view of an exemplary acoustic silencer nozzle of the  present
invention as shown in FIG. I along lines 6-6; FIG. 7 is a front plan view
of an alternative embodiment of the acoustic  10 silencer nozzle of the
present invention showing a remotely positioned embodiment of a fan  drive;
FIG. 8 is a front elevation of an exemplary acoustic silencer nozzle
incorporated into another exhaust fan in accordance with the present
invention; FIG. 9 is a vertical cross section taken along line 9-9 of FIG.
8; 15 FIG. 10 is a fragmentary vertical cross section of a detail of the
embodiment  shown in FIG. 8; and FIG. 11 is a horizontal cross section
taken along line 11-11 of FIG. 10.  DESCRIPTION OF EXEMPLARY EMBODIMENTS
AND BEST MODE The present invention provides an acoustic silencer nozzle
for use with  20 apparatus such as ventilation and exhaust fans. The nozzle
provides at least two converging  exhaust paths, each of which extend
through an area that is adjacent acoustically absorbing  media or
resonating chambers. In this manner, the noise is reduced at the nozzle or
outlet  portion and provides a tight plume of high velocity flow.
Preferably, the nozzle has at least  one opening that allows for ambient
atmospheric air to mix with the exhaust gases at the outlet  25 of the
nozzle. A first exemplary embodiment in accordance with the present
invention is  shown in FIG. 1. An exhaust fan apparatus, such as a radial
upblast, mixed flow, centrifugal,  or axial exhaust fan, includes a main
housing 10 having a fan housing 12 in the lower section  



thereof and acoustic silencer nozzle 18 positioned above the fan housing 12
and extending 3 0 upwardly therefrom. The fan housing 12 defines a fan
inlet 14 adapted to receive gases for WO 0I1I8324 PCTNSOO/16651  -5
exhausting thereabove and a fan outlet 16 for allowing movement of the
gases upwardly from  the fan housing 12 into the acoustic silencer nozzle
18. The acoustic silencer nozzle 18 defines a first outer wall section 20
and a  second outer wall section 22 being generally conical sections and
being concave, cylindrical,  5 or straight with respect to one another. The
acoustic silencer nozzle 18 fu Cher defines a first upper air outlet 24 and
a second upper air outlet 26 at the uppermost portion thereof. A passive
zone section 28 defining a passive zone chamber 48 is.located between the
first outer wall  section 20 and the first upper air outlet 24 and the
second outer wall section 22 and the second  upper air outlet 26. The
passive zone supplies air for mixing by induction into the  1 o
contaminated air being exhausted through the two upper outlets. The passive
zone section 28 defines a first inner wall section 30 which is  shaped as a
conical, cylindrical, or straight section being convex or straight facing
outwardly  toward the first outer wall section 20. A first exhaust flow
path 32 is defined between the first  inner wall section 30 and the first
outer wall section 20. In a similar manner, the passive zone i5 section 28
defines a second inner wall section 34 which is shaped as a conical section
and is  convex facing outwardly and in spaced relation with respect to the
second outer wall section  22 to define a second exhaust flow path 36
therebetween. At least a portion of the first outer wall 20 and the first
inner wall 30 comprise  a perforated material, such as perforated steel,
fiberglass, or polypropylene. Similarly, at least  20 a portion of the
second outer wall 22 and the second inner wall 34 comprise the perforated
material. First and second outer sheaths 70, 80 are disposed adjacent the
section of the  outer walls 20, 22 comprising the perforated material. The
outer sheaths 70, 80 and the  perforated sections have respective
partitions spaced therebetween thus providing respective 2S outer enclosed
spaces or chambers 75, 85. The outer enclosed spaces 75, 85 have disposed  



therein an acoustic absorbing material 77, 87, such as stainless steel wool
or a fiberglass  material or any acoustically treated media. Alternatively,
the outer enclosed spaces 75, 85 can  each be a resonating chamber. The
outer enclosed spaces or chambers 75, 85 are closed at  either end. As the
air travels down the exhaust flow paths 32, 36, noise is absorbed through 3
0 the perforations in the surfaces of the outer walls 20, 22 into the
acoustical fill material 77,  87. WO 01/18324 PCTAJS0W16651  -6 Similarly,
inner sheaths 90, 95 are disposed adjacent the perforated sections  on the
inner walls 30, 34, respectively. The inner sheaths 90, 95 and the
perforated sections  have respective partitions spaced therebetween thus
providing respective inner enclosed  spaces or chambers 92, 97. The inner
enclosed spaces 92, 97 have disposed therein an 5 acoustic absorbing
material 94, 99, such as plastic, coated or galvanized steel, stainless
steel,  mineral wool, or a fiberglass material or any acoustically treated
media, and may also include  a chemical resistant wrap or barriersuch as
mylar, polyurethane, or similar material to prevent  exhaust pollutants,
moisture, or mold from accumulating in the acoustical material or cavity.
Alternatively, the inner enclosed spaces 92, 97 can each be a resonating
chamber. The inner 10 enclosed spaces or chambers 92, 97 are closed at
either end. As the air travels down the  exhaust flow paths 32, 36, noise
is absorbed through the perforations in the surfaces of the  inner walls
30, 34 into the acoustical fill material 94, 99. Preferably, the holes in
the perforated section constitute about 20 to 75 percent  ofthe area
thereof and are approximately 3/32 to 1 inch in diameter, and the
perforated section  15 covers at least about 50 to 100 percent of the
length of the outer and inner walls. A first end wall 38 which may take the
form of two end walls 58 may be  positioned extending between the first
inner wall section 30 and the first outer wall section  20. These end walls
as shown in FIGS. 5 and 6 aid in the definition of the first exhaust flow
path 32. In a similar manner, the second end wall 40 which may take the
form of two second 20 end walls 60 can be positioned extending from the
second inner wall section 34 to the second  outer wall section 22 to
facilitate defining the second exhaust flow path 36. 



To facilitate the flow of air to be exhausted through the first and second
exhaust flow paths, a fan 42 may preferably be positioned within the fan
housing 12. A fan  is operatively connected with respect to a fan drive 54
to control operation thereof. The fan 25 drive 54 may be positioned within
the passive zone chamber 48 or may be positioned  externally from the main
housing 10 of the present invention as shown in FIG. 7 or entirely  below
the nozzle section. In the configuration shown in FIG. 7, a belt drive 56
may be  included positioned within the passive zone section 28 and may be
operatively secured with  respect to the drive 54 which itself may be
secured with respect to the outer portion of the  3 0 main housing 10. WO
01/18324 PCT/USOO/I6651  -7 To facilitate mixing of the exhausted gas with
the ambient environmental  gases, a wind band 44 may be positioned
vertically extending in general parallel relationship  with respect to the
upper end of the acoustic silencer nozzle I S. Preferably, the wind band 44
is located in spaced relation with respect to the outer walls of the
acoustic silencer nozzle 18 5 by a wind band bracket 46. In this manner,
when gases are exhausted through the first upper  air outlet 24 and the
second upper air outlet 26, air will be induced to flow as shown in FIG.  4
by arrows 62. Air will also be induced to flow from the passive zone
chamber 48 upwardly  as shown by arrow 63 into the contaminated gases being
exhausted through the two upper  outlets to facilitate mixing therewith.
Preferably, ambient air mixes with the exhausting air 10 immediately upon
movement of the exhausting gases outwardly through the upper outlets 24
and 26. The wind band 44 will protect the vena contracts produced by the
converging flow  (plume) from the primary exhaust passageway The cross
section shown in FIG. 3 is perpendicular through a horizontally  extending
plane with respect to the cross section shown in FIG. 2. As such, the shape
of the  i5 first exhaust flow path 32 and the second exhaust flow path 36
in FIG. 2 is shown to be parallel and vertically extending inclined
inwardly toward the passive zone. In FIG. 3, the  view is along lines 3-3
in FIG. I and as such the external surface of the first and second end
walls 38 and 40 are shown therein. These walls show a configuration with a
first intermediate  



point 50 positioned in the outer wall of first end wall 38 and a second
intermediate point 52 20 positioned in the outer wall of second end wall
40. Thus we see that the cross section through  the exhaust flow paths are
as shown in FIG. 2 when taken through the central portion thereof  and tend
to assume the shape of the outer surface of the But and second end walls 38
and 40  shown in FIG. 3 toward the outer peripheral edges of the first and
second exhaust flow paths  32 and 36. The usage of the conical sections for
the walls defining the exhaust flow paths is 25 important in view of the
high volume of air flow which is encountered by such upblast  exhausting
systems. The exemplary apparatus of the present invention can include two
or more  vertical flow paths and thus two ormore uppercontatninated air
outlets. The present invention  defines basically one on one side and one
on another with a passive zone therebetween. Each 30 of these can be
divided into multiple sections such that any number of individual upper
flow  paths can be defined positioned circumferentially about the passive
zone. WO 01/18324 PCTIUSOO/16651  -8 During operation of the silencer of
the present invention, a primary stream of  fluid (e.g., exhaust) moves at
a velocity of at least about 2000 ft/min (with respect to the  ambient
fluid in the atmosphere), and preferably up to about 6600 ft/min. The
movement of  the primary stream of fluid sets up aspiration in such a
manner so that a secondary stream of  5 fluid is drawn from the ambient
fluid of the atmosphere. It should be noted that the exhaust paths 32, 36
converge in order to keep the  exhaust plume tight, which can create a
current of air on the order of about 110 feet in  diameter moving at about
250 8/min in still air. This helps to dilute effluent or fumes prior  to
release into the atmosphere, thus effectively minimizing pollution problems
with extremely  10 high efficiency: Another exemplary exhaust fan
comprising an acoustic silencer nozzle in  accordance with the present
invention is described with respect to FIG. S. The apparatus 110  has a
base 112 meant to be mounted on a roof, a centrifugal fan casing 114
mounted on the  base 112, and an inlet duct 116 extending to one side of
the casing 114 from the interior of a 



15 building (not shown). Mounted to the top of the centrifugal fan casing
114 is an exhaust stack  or nozzle 118, and topping the exhaust stack is a
ring 120 of frusto-conical shape. Similar to the above embodiments, a
portion of the inner and outer walls of the  stack or nozzle 118 comprise a
perforated material, such as perforated steel, fiberglass, or
polypropylene. First and second outer sheaths 70, 80 are disposed adjacent
the section of the 2 0 outer walls comprising the perforated material. The
outer sheaths 70, 80 and the perforated  sections have respective
partitions spaced therebetween thus providing respective outer  enclosed
spaces or chambers 75, 85. The outer enclosed spaces 75, 85 have disposed
therein  an acoustic absorbing material 77, 87, such as plastic, coated or
galvanized steel, stainless  steel, mineral wool, or a fiberglass material
or any acoustically treated media, and may also 2 5 include a chemical
resistant wrap or barrier such as mylar, polyurethane, or similar material
to prevent exhaust pollutants, moisture, or mold from accumulating in the
acoustical material  or cavity. Alternatively, the outer enclosed spaces
75, 85 can each be a resonating chamber.  The outer enclosed spaces or
chambers 75,95 are closed at either end. As the air travels down  the
exhaust flow paths, noise is absorbed through the perforations in the
surfaces of the outer  3 0 walls into the acoustical fill material 77, 87.
WO 01118324 PCTIUS00/16651  -9 Simil s inner sheaths 90, 95 are dispose
Ijacent the perforated sections  on the inner walls. The inner sheaths 90,
95 and the perforated sections have respective  partitions spaced
therebetween thus providing respective inner enclosed spaces or chambers
92, 97. The inner enclosed spaces 92,97 have disposed therein an acoustic
absorbing material 5 94, 99, such as plastic, coated or galvanized steel,
stainless steel, mineral wool, or a fiberglass  material or any
acoustically treated media, and may also include a chemical resistant wrap
or  barrier such as mylar, polyurethane, or similar material to prevent
exhaust pollutants,  moisture, or mold from accumulating in the acoustical
material or cavity. Alternatively, the  inner enclosed spaces 92, 97 can
each be a resonating chamber. The inner enclosed spaces 10 or chambers 92,
97 are closed at either end. As the air travels down the exhaust flow
paths,  noise is absorbed through the perforations in the surfaces of the
inner walls into the acoustical  



fill material 94, 99. The base 112 includes a frame 122 on which a motor
124 is mounted. A shaft  126 is joumaled in bearing brackets 128 mounted on
the frame 122 and extends within the  15 casing 132 in a cantilevered
manner. The shaft 126 is driven by a drive belt 130 taken offthe motor 124.
As shown in FIG. 9, shaft 126 mounts a centrifugal impeller 138 having
multiple  vanes rotating about the axis of the shaft 126. The casing 114
includes a scroll 132 surrounding the impeller 138 and  interrupted by
discharge port 144. The scroll 132 includes a cut-off 134 near the
discharge  20 port 144. The casing 114 also includes parallel side walls
136. An inlet port 140 is defined on one side wall 136 of the casing 114,
and connector flanges 142 are provided to fasten the  inlet port 140 with
the inlet duct 116. Thtis, the spent gases containing airborne contaminants
exhausting from the  building t h r o u g h t h e d u c t 116 e n t e r t h
e casing 1 1 4 y relative to the impeller 138, and the  25 air f low is
accelerated through the discharge port 144. A diffuser tube 146 is mounted
to and communicates with the discharge port 144. The diffuser tube 146 is
in turn connected to the  bifurcated duct 148 by means of connecting
flanges 149. The bifurcated duct 148 includes  passageways 150 and 152
which are generally parallel although they, in fact, converge slightly
towards the outlet. A central opening 155 is formed by means of inner flat
walls 154 and 156  3 0 defining the passageways 150 and 152 respectively.
WO 01/18324 PCT/USOO/16651  -10 As shown in FIGs.10 and 11, outlet ports
158 and 160 are defined at the- upper  end ofthe bifurcated duct 148,
communicating with passageways 150 and 152 respectively.  An annular ring
162 extends about the upper end of the bifurcated duct 148. An annulus 164
is formed between the ring 120 and the ring 162. 5 In operation, the
impeller 138, driven by motor 124, will draw the exhaust  gases from the
building containing airborne contaminants through the duct 116 and then
upwardly into the stack or nozzle 118 by first passing through the diffuser
and then the double  passageways 150'and 152. The location of the casing
114 and, in particular, the orientation  



of the scroll 132 relative to the stack or nozzle 118, permits even
distribution of the air flow I 0 into the diffuser and through the
passageways 150 and 152. The spent gases exhaust through  the outlet ports
158 and 160 at relatively high velocity and cause ambient air to be induced
into the annulus 164 to mix with the airborne contaminants and, therefore,
dilute the exhaust. The present invention provides the advantages of lower
stack height and  increased safety. The present invention minimizes the
static pressure loss in the system, and  1.5 increases attenuation over a
typical silencer at the higher velocity. The present invention also
provides greater accessibility to interior parts (e.g., a motor) for
inspection. It is contemplated that the nozzle silencer of the present
invention can be used  with any type of outlet. The fan, motor, and drive
can be located anywhere. The present  invention can be used with fans of
various types or other such apparatus that emit an exhaust  20 at a
velocity of over about 2000 ft/min. Although illustrated and described
herein with reference to certain specific  embodiments, the present
invention is nevertheless not intended to be limited to the details  shown.
Rather, various modifications may be made in the details within the scope
and range  of equivalents of the claims and without departing from the
invention. WO 01118324 PCT/USO(c)/16651  What is claimed: ~~ llf~~l#} ~~~
I I. An acoustic silencer nozzle comprising a first outer wall section and
a second outer wall section each approximately  shaped as a partial conical
section being concave toward each other and being oppositely  positioned
with respect to one another, at least a portion of each of the first and
second outer 5 wall sections comprising a perforated material, at least one
first upper air outlet and at least  one second upper ail outlet for
releasing exhaust gases therefrom; a first outer sheath disposed adjacent
the portion of the first outer wall section  comprising the perforated
material to define a first outer enclosed space; a second outer sheath
disposed adjacent the portion of the second outer wall  



'10 section comprising the perforated material to define a second outer
enclosed space; a first inner wall section positioned in spaced relation
with respect to said first  outer wall section, said first inner wall
section being approximately shaped as one of a partial  conical,
cylindrical, and straight section being convex or straight toward said
first outer wall  section to define at least one that exhaust flow path
therebetween adapted to receive exhaust  15 gases and guide same to release
upwardly through said first upper air outlet; a first inner sheath disposed
adjacent the portion of the first inner wall section  comprising the
perforated material to define a first inner enclosed space; a second inner
wall section positioned in spaced relation with respect to said  second
outer wall section, at least a portion of each of the first and second
inner wall sections  20 comprising a perforated material, said second inner
wall section being approximately shaped as a one of a partial conical,
cylindrical, and straight section being convex or straight toward  said
second inner wall section to define at least one second exhaust flow path
therebetween  adapted to receive exhaust gases and guide same to release
upwardly through said second  upper air outlet, the first and second
exhaust flow paths converging; 25 a second inner sheath disposed adjacent
the portion of the second inner wall  section comprising the perforated
material to define a second inner enclosed space;  acoustically absorbing
media disposed in the first and second outer enclosed spaces and the first
and second inner enclosed spaces; WO 01/18324 I IIIIIII III~II II~II II'I'
III" PCT/USOO/16651  -12 at least one first end wall extending from said
first inner wall section to said  first outer wall section to confine gases
passing therebetween within said first exhaust flow  path, said first
exhaust flow path passing the first outer enclosed space and the first
inner  enclosed space to absorb noise through the sections comprising the
perforated material into  5 the acoustically absorbing media; and at least
one second end wall extending from said second inner wall section to  said
second outer wall section to confine gases passing therebetween within said
second  exhaust flow path, said second exhaust flow path passing the second
outer enclosed space and  



the second inner enclosed space to absorb noise through the sections
comprising the  lo perforated material into the acoustically absorbing
media. 2. The nozzle according to claim 1, wherein the perforated material
comprises one of steel,  fiberglass, and polypropylene. 3. The nozzle
according to claim 1, wherein the acoustic absorbing media comprises one of
plastic, coated or galvanized steel, stainless steel, mineral wool, and a
fiberglass material.  15 4. The nozzle according to claim 1, wherein the
acoustic absorbing media further comprises  a chemical resistant wrap or
barrier. S. The nozzle according to claim 1, wherein the acoustic absorbing
media comprises at least  one resonating chamber. 6. The nozzle according
to claim 1, wherein the holes in the perforated section constitute  2 o
about 20 to 75 percetst of the area thereof. 7. The nozzle according to
claim 1, wherein the perforated section covers at least about 50  to 100
percent of the length of the outer and inner walls. WO 41118324
PCT/USOO/16651  &11 e` L M S 13- 8. The nozzle according to claim 1,
wherein the flow of fluid through the first and second  exhaust paths sets
up aspiration in iich a manner so that a farther flow of fluid is drawn
from  ambient atmosphere. 9. An exhaust fan apparatus comprising: s (a)
main housing comprising: a fan housing defining a fan inlet to receive air
to be exhausted and a  fan outlet to expel air to be exhausted; and an
acoustic sillencernozzle according to claim I positioned immediately  above
said fan housing, said aeolistte Silencer nozzle being in fluid flow
communication with  10 said fan housing through said fail outlet to receive
exhaust gases therefrom for expelling, wherein said first exhaust flow path
is adapted to receive exhaust gases from  said fan outlet and guide same to
release upwardly through said first upper air outlet;  



wherein said second exhaust flowpath is adapted to receive exhaust gases
from said fan outlet and guide same to rely upwardly through said second
upper air outlet; and  15 (b) a fan positioned within said fan housing and
adapted to draw air for  exhausting in through said fan inlet and expel air
for exhausting out through said fan outlet  into said first exhaust flow
path and said second exhaust flow path. 10. An exhaust fan apparatus
according to claim 9, including one first end wall and one  second end wall
and wherein said acoustic silencernozzle defines one first upper air outlet
and  20 one second upper air outlet and wherein said first inner wall
section and said first outer wall section define one first exhaust now path
therebetween and wherein said second inner wall  section and said second
outer will section define one second exhaust flow path therebetween.  11.
An exhaust fan apparatus aocorig to claim 10, wherein said first inner wall
section is 25 inclined upwardly and inwardly 'to~said first outer wall
section to taper said first exhaust  flow path to a smaller lateral
dimension in the upper area thereof, and wherein said second  inner wall
section is inclined o"iy and ntwardly toward said second outer wall section
to taper said second exhaust flow pa h to a smaller lateral dimension in
the upper area thereof. WO 01/18324 11111111 IIII HE 11111 II IIII
PCT/US00/16651 c L n s  -14- 12. An exhaust fan apparatus according to
claim 10, wherein said first outer wall section is  inclined upwardly and
inwardly toward said first inner wall section to taper said first exhaust
flow path to a smaller lateral dimension in the upper area thereof, and
wherein said second  outer wall section is inclined upwardly and inwardly
toward said second inner wall section 5 to taper said second exhaust flow
path to a smaller lateral dimension in the upper area thereof.  13. An
exhaust fan apparatus according to claim 10, further including a wind band
positioned  circumferentially around said first upper air outlet and said
second upper air outlet and the  upper portion of said acoustic silencer
nozzle, said wind band extending vertically and in  spaced relation with
respect to the upper end of said acoustic silencer nozzle to induce the 7.0
flow of environmental gas from therebelow to mix with and dilute the gases
being exhausted  from said first upper air outlet and said second upper air
outlet. 



14. An exhaust fan apparatus according to claim 13, further comprising a
wind band bracket  secured with respect to said acoustic silencer nozzle
and attached with respect to said wind  band for retaining thereof in
spaced relation to said acoustic silencer nozzle. 15 15. An exhaust fan
apparatus according to claim 10, further comprising a passive zone  chamber
positioned between said first exhaust flow path and said second exhaust
flow path.  16. An exhaust fan apparatus according to claim 10, wherein
said first outer wall section and  said first inner wall section are
parallel with respect to one another vertically to define said  first
exhaust flow path of constant lateral dimension, said first outer wall
section and said first 20 inner wall section being inclined upwardly and
inwardly, and wherein said second outer wall  section and said second inner
wall section are parallel with respect to one another vertically  to define
said second exhaust flow path of constant lateral dimension, said second
outer wall  section and said second inner wall section being inclined
upwardly and inwardly. 25 17. An exhaust fan apparatus according to claim
10, wherein at least one of (1) said first inner  wall section is linearly
straight vertically and wherein said first outer wall section is vertically
WO 011183 4 i 1 } l I~~~ I ~~ I~ f fI PcrrtUsoQ/1"51 C L M S  -15 arcuate
with respect Orfo and (2) said second inner wall sebtibn is linearly
straight vertically  and wherein said second outer wall section is
vertically arcuate with respect thereto. 18. An exhaust fan apparatus
according to claim 10, further comprising at least one of a fan  drive and
a belt drive operatively connected to said fan within said fan housing to
control  5 operation thereof. 19. An exhaust fan apparatus comprising a
housing having an upper portion and a lower  portion, wherein the lower
portion includes a centrifugal fan scroll casing, the scroll casing  having
parallel side walls, a shaft extending within the casing normal to the side
wall and  mounting an impeller for rotation therewithin, motor means for
driving the shaft, an inlet port 1 o provided axially of the fan shaft axis
on a side wall of the casing, a discharge port extending  from the scroll,
a first tubular diffuser portion communicating with the fan discharge port
and  a second tubular portion extending upwardly from the first tubular
portion, the second tubular  



portion being bifurcated to provide at least two passageways having
generally parallel axes  generally normal to the axis of the fan shaft, and
wherein the axes of the passageways lie in 1.5 a plane which is parallel to
the axis of the fan, each of the two passageways having an inner  wall
section and an outer wall section comprising a perforated material, a first
outer sheath  disposed adjacent the portion ofthe first outer wall section
comprising the perforated material  to define a first outer enclosed space,
a second outer sheath disposed adjacent the portion of  the second outer
wall section comprising the perforated material to define a second outer 20
enclosed space, a first inner sheath disposed adjacent the portion of the
first inner wall section  comprising the perforated material to define a
first inner enclosed space, a second inner sheath  disposed adjacent the
portion of the second inner wall section comprising the perforated
material to define a second inner enclosed space, acoustically absorbing
media disposed in the  first and second outer enclosed spaces and the first
and second inner enclosed spaces, wherein 25 noise is passed through the
sections comprising the perforated material into the acoustically
absorbing media. 20. An exhaust fan apparatus as defined in claim 19,
wherein the second tubular portion  includes a pair of spaced-apart outlet
ports corresponding to the two passageways, and a ring WO 01118324
PGTIUSOOI16651  -16 surrounds the second tubular portion at the level of
the outlet ports to form an annulus  therewith, whereby ambient air is
induced through the annulus to mix with the gases  exhausting from the
passageway. 21. An exhaust fan apparatus as defined in claim 20, wherein
the second tubular member is  5 of *frusto-conical cross-section but
includes a central gap defined by opposed flat wall  members defining the
two respective passageways. 22. An exhaust fan apparatus as defined in
claim 21, wherein the diffuser is an inverted  fivsto-conical tube
extending from the outlet discharge port of the scroll casing. 23. An
exhaust fan apparatus as defined in claim 19, wherein the plane containing
the axes  10 of the passageways also contains the axis of the fan shaft.
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