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@ Centrifugal, inline, opposed balance gas blower.

@ A centrifugal blower for use in moving gas at relatively
high flow rates through a shaft within the housing for
rotation therein, the housing having a pair of axially spaced
plenum chambers with opposed impellers mounted on the
shaft in secured relation and disposed in the respective
chamber, for rotation with respect thereto to pressurize the
gas. The blower is capable of providing a vacuum up to 18
inches of mercury at its inlet. A gas inlet for supplying gas to
the blower chamber and a gas outlet for exiting pressurized
gas from the blower chamber is provided for each of the
chambers, with the gas inlet and the gas outlet being
disposed in line, crosswise of the shaft, whereby minimum
thrust forces are applied to the blower during operation
thereof, resulting in a relatively long service life- for the
blower and especially the shaft bearings. The blower con-
struction is such that the shaft bearings may be expeditiously
replaced if that becomes desirable or necessary, without
disassembly of the entire blower.
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CENTRIFUGAL, INLINE, OPPOSED BALANCED
GAS BLOWER

SPECIFICATION

This invention relates in general to a
centrifugal blower for extracting and presaurizing gas
to move it at relatively high flow rates through a line
system, and more particularly relates to a centrifugal
ga; blower which includes opposed axially spaced impel-
lers and inline inlet and exit openings crosswise of the

power shaft of tﬁe gas blower. The blower is capable of
providing relatively high vacuum at its inlet.

BACKGROUND OF THE INVENTION

Centrifugal blowers which may be used to
pressurize gas, such as methane gas, for moving the gas
through a line system at relatively high flow rates, are
known in the art. However, such blowers oftentimes do not
have long service lives, possess relatively low inlet ’
vacuum, and are usually so constructed and grranged that
they include considerable unbalanced end thrust forces
relative to the shaft of the blower, resulting in
bearing wear and possible fallure. Répair of such prior

art blowers is generally difficult.

SUMMARY OF THE INVENTION

The present invention provides a centrifugal
blower which is so constructed and arranged that it
provides inline inlet and exit gas flow ‘through the
blower, and utilizes opposed balanced impellers, result-
ing in minimum or zero thrust forces applied to the bear-
ings on the blower, thus giving longer service life to the

blower and the bearings thereof. The blower of the
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invention is particularly adapted for use in extracting

and pressurizing gas so that it can be moved through a

line system at relatively high flow rates.

Accordingly, an object of the present inven-

tion is to provide an improved centrifugal blower
capable of efficiently supplying a gaseous fluid,
such as for instance methane gas, to a line system.

In carrying out the invention in one form
thereof, the housing of the blower comprises a pair
of axially spaced plenum chambers with an impeller
disposed in each of the chambers for rotation with
Jespect thereto, and with the shaft of the blower
extending axially of the housing and mounting the
impellers thereon, with each such chamber comprising
a gas inlet for supplying gas to the blower and a
gas outlet for emitting pressurized gas from the
blower, with each inlet and outlet for each chamber
being disposed in line, crosswise of the shaft,
whereby minimum thrust forces are applied to the
shaft during operation of the blower, resulting in
long service life for the blower and the bearings
for the shaft thereof.

Also a novel arrangement is provided for
the blower for expeditious removal of the bearings
from the blower, without disassembly of the entire
blower. '

Other objects and advantages of the inven-
tion will be apparent from the following description
taken in conjunction with the accompanying drawings,

wherein: u
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a partially sectioned end view
of a gas blower embodying the invention, and taken
from the righthand end of éhe blower structure as
viewed in FIGURE 2;

FIGURE 2 is a longitudinal vertical sec- .
tional and broken view of the blower of FIGURE 1,
and showing the shaft of the blower secured to a
prime mover (in phantom lines) for rotation of the
shaft and associated impellers relative to the station-
ary blower housing;

. FIGURE 3 is a horizontal sectional view
taken generally along the plane of line 3-3 of
FIGURE 1, and showing the stationafy housing of the
blower, without the shaft, bearing assemblies, and
impellers; .

FIGURE 4 is an end elevational view of an
end cap member utilized to close the open ends of the
blower housing, at each end thereof:

FIGURE 5 is a sectional view taken generally
along the plane of line 5-5 of FIGURE 4 looking in
the direction of the arrows and illustrating the
integral cap and barrier wall structure;

FIGURE 6 is an elevational view of the inner
side of the lefthand impeller ( with reference to
FIGURE 2) of the blower; ) )

FIGURE 7 is a fragmentary, elevational
view taken from the other or outer side of the

impeller of FIGURE 6;
-~
FIGURE 8 is a sectional view taken generally
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along the plané of line 8-8 of FIGURE 6, looking
in the direction of the arrows; '
FIGURE 9 is a partially broken, side eleva-
tional view of the blower housing of FIGURES 1l-3
taken from the gas outlet side of the bloﬁer: the end
plates of the blower housing have been deleted from

this view;
FIGURE 10 is a partially broken, end eleva-

tional view of the blower taken from the lefthand end

(with reference to FIGURE 2) of the blower; the
cooling ribs on the end plate have been deleted in
the interests of élarity;

FIGURE 11 is a partially broken, end eleva-
tional view of the blower taken from the righthand
end (with reference to FIGURE 2) of the blower; and

FIGURE 12 is a sectional view taken gener-
ally along the plane of line 12-12 of FIGURE 3, look-
ing in the direction of the arrows, and illustrating
a portion of the housing structure of the blower.

DESCRIPTION OF PREFERRED EMBODIMENT

Referring now again to the drawings, there
is shown a centrifugal blower 10 comprising a sta-
tionary housing 12 which is open at both axial or
longitudinal ends 14 and 16 thereof (FIGURE 2). End
cap mémbers 18 (FIGURES 2, 4 and 5) are provided for
closing the respective open &nd of the stationary
housing 12. Such end cap members 18 may be provided
with conventional sealing means, such as O-rings 20,
or packing, or the like, for sealing the juncture

between each end cap member 18 and its respective
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open end of the housing 12 section, thus preventing
the emission of gas between the junctures thereof.
Threaded fastener means 21 may be provided for remov-
ably securing the end cap members 18 to the housing Ceel
saction 12 in £fluid tight relation. o

A rotatable shaft member 22 extends axially :-}
or longitudinally of housing section 12, and into the
spaced plenum chambers 24, 26 defined by the housing.

' Each of the end plates 18 in the embodiment
illustrated includes an intégral barrier w511 28
secured thereto by means of connecting hub section
29, with the barrier wall 28 being circular on its
outer periphery, as can be seen in FIGURE 4. -

Barrier wall 28 in the embodiment illus-
trated, comprises a generally radially extending
inner portion 30 and a generally obliquely extending
outer portion 30a attached to the inner portion and
sloping inwardly therefrom, and defining in conjunc-
tion with the inner portion a relatively shallow
recess 32 (FIGURE 5) which is adapted to receive
therein in coacting but rotatable relationship the
associated impeller member 34 or 34a (FIGURE 2)
associated with the respective plenum chamber. Wwhen
the respective end cap member 18 is attached to
its respective open end of the housing or casing
section 12, so as to close the latter and is attached
thereto by‘means of the aforementioned threaded
fasteners 21, each end cap mounts its respective
barrier wall in prOpeé pesition in the plenum

chamber for coaction with its associated impeller.
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Referring now in particular to FIGURES 6-8 in
conjunction with FIGURE 2, each impeller 34 or 34a com-
prises a backing plate 38 of circular peripheral confiqu-
ration (FIGURES 6 and 7) formed integrally in the embodi-
ment illustrated, with hub portion 40, with the backing
plate 38 comprising a generaily radially extending section
42 and an outer diagonally inwardly extending section 42a
formed generally complementary to the corresponding con=~
figuration of the aforementioned sections 30, 30a of
barrier wall 28 attached to the respective end cap 18.

In the embodiment illustrated, section 42a is
disposed at an angle X or approximately 22%° with respect
to the plane of the face of the radially extending portion
42 and likewise for the corresponding portions of the re-
spective barrier wall. The clearance between the impeller
and the respective barrier wall is preferably in the order
of approximately 12 to 15 thousands of an inch (.0012-,0Q15)
and thus it will be seen that the latter are disposed close
to one another, with the impeller also being disposed closg
to the inner surface configuration 43 of the respecfive
plenum chamber defined by the housing 12 as best seen in
FIGURE 2. It is preferable in order to hold the tolerances
between the impeller and the barrier wall and the confronting
housing‘surfaces that the shaft and impellers be precisely
balanced prior to assembly into the housing.

The blades 44 of the impeller are of the
backward directed type (FIGURE 6) and extend diagonally
and arcuately outwardly from the hub 40 (FIGURE 8)
to point 46 thereon wiﬁh the blades 44 being integrally
attached to the inner sidg of the backup plate 38.

s .
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The impeller illustrated in FIGURES 6-8 is the lefthand
impeller (with respect to FIGURE 2) with the other or
righthand impeller (illustrated in FIGURE 2) being a
mirror image of the impeller shown in FIGURES 6-8. The
impeller blades 44 as can be best seen in FIGURES 6 and
8 extend arcuately and radially outwardly from the re-
spective point 46 thereon, and relative to the vertical
plane of the inner face 50 of the hub 40 to outer location
54 thereon and then slope upwardly to a juncture with' the
outer end of oblique portion 42a of the backup plate 38.
At the outer end of each blade 44, the latter is bent as
at 56 in the direction of rotation of the impeller, as
can be best seen in FIGURE 6 in order to aid in preventing
centrifugal displacement noise. Impeller blades 44
define channels through which the gas flows after
being taken into the blower, as will be hereinafter
described in greater detail.

The outer side of each impeller is recessed
as at 58 (FIGURES 7 and 8) for coaction with inner
bearing cap 60 (FIGURE 2) as will also be hereinafter
described in greater detail. Each impeller 34, 34a
is keyed to the power shaft 22 of the blower, and as
indicated by reference number 64 in FIGURE 2.

As can be best seen in FIGURE 2, the shaft
22 includes a generally central shoulder portion 66
which is adapted to abut with the aforeﬁentioned
inner face 50 of the hub 40 of the respective impeller,
and with there being provided a circular bﬁshing 68,
coacting with the outer side of the respective impeller

.- ,
in the circular recess 58 therein.
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Spaced radially outwardly of recess por-
tion 58 on each impeller is a series of threaded
and tapped openings 70 for a purpose to be herein-
after described. Openings 70 are spaced uniform
radial distances from the axial center of the
respective impeller.

Each bearing assembl§ 71 rotatably mounts
the shaft and associated impellers with respect to
the stationary housing, and in the embodiment illus-
trated comprises the aforementioned inner bearing
cap 60 which has a cylindrical portion 72 circum-
scribing the aforementioned bushing 68, and received
in the recess 58 on the respective impeller, and an
outer bearing cap 76 or 76a which is adapted to be
secured as by means of threaded fasteners 78 to the

respective end cap member 18.
Bearing cap member 76 has an enlarged open-

ing 80 therein as can be best seen-in FIGURES 2 and
10, through which extends the sﬁaft 22, to exteriorly
of the blower as shown in FIGURE 2. Opening 80 is
preferably provided with spring seal member 82 disposed
in a recess in the end cap member 76, as shown in
FIGURE 2. The exterior end of shaft 22 is adapted
for ready coupling to a prime mover P, for rotation
of shaft 22 and mounted impellers 34, 34a.

As can be best seenh from FIGURE 2, the
outer bearing cap member 76a on the righthand end
of the blower differs from that on the lefthand end
in that the shaft 22 éoes not extend through the

bearing cap 76a and therefore the latter does not

-
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embody any enlarged opening therein, but is provided
with a smaller opening 84 which is preferably
threaded and which has a removable threaded member
84a received in opening 84 in substantially fluid
tight condition. |

Shaft 22 is threaded on its exterior as at
86, 86a and is adapted to coact with an associated
threaded lock nut 88, with there also being prefer-
ably provided a lock washer 89 for coaction with
the lock nut 88, for positively locking or position-
ing the duplex roller bearing members 90 which pro-
vide for rotation of the shaft 22 and attached
impellers 34, 34a with respect to the stationary
housing and associated barrier walls 28. Spring
seals 92 of conventional type may be provided coact-
ing between the respective inner bearing cap 72 and
bushing member 68. Also O-ring seals 93 may be
provided as shown in FIGURE 2, between the outer
bearing cap members 76, 76a and the hub of the
respective end cap 18.

If it becomes desirable or necessary to
replace the bearing assemblies 71 in the blower,
this can be accomplished without_disassembling
the entire blower. 1In this connection the outer
bearing cap members 76 or 76a of bearing assemblies
71 can be removed by the removal of the associated
threaded fasteners 78, and then the lock nut and
associated lock washer 88, 89 can be backed off the
respective end of the.shaft. thus clearing the way |

o~
for outward axial movement of the bearing members 90.

>t -a
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Next a suitable conventional "puller" or
like mechanism (not shown but similar to a gear
puller) can be utilized using the respective end of
the shaft as the bearing point, and inserting
elongated threaded bolts through openings 94 (FIGURE
2) extending through the respective end plate 18
and associated barrier wall portion 28, and thread-
ing such threaded bolt members into the aforemen-
tioned threaded openings 70 in the respective impeller.
Thereupon, the threaded fasteners 21 can be reﬁbved
from the end plate 18 so that the latter and attached
barrier wall 28 is no longer secured to the respective
end of the blower housing 12. The "puller" can be
actuated using confronting end of the shaft as the
bearing point for the conventional threaded actuator
of the "puller", to pull the attached impeller, the
bearing agsembly, and the integral end plate and
barrier wall completely off the shaft 22 and out of
the associated end of the housing, thus enabling
expeditious replacement or‘repair of the bearing
assembly. The new or repaired bearing assembly 71
can then be assembled with the end plate and barrier
wall, and the impeller, and then moved axially
inwardly of the shaft and into the housing to
reassemble the impeller, the bearing assembly, and
the end plate and barrier wall on the Qﬁaft, with
the key 64 being received within the key slot 96 in
the impeller to again f ix the latter to the shaft.

The fasteners 21 can be reinstalled to secure the
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end plate to the housing, and the lock washer and
lock nut 88, 89 can then be replaced on the end of
the shaft, and the outer bearing cap 76, 76a fastened
back, by means of its associated fastenexs 78, to
the respective end plate. Thus it will be seen -

that it is possible to conveniently replace or
repair the bearings of the blower without the neces-
sity of complete disassembly of the entire blower.

As can be best seen in FIGURES 2 and 3, a
gas inlet 104 is provided for entering or intaking
gas into the blower, and an inline gas outlet 106
is disposed on the other side of the blower housing
crosswise of the shaft 22, for exiting pressurized
gas from the blower. Transversely extending (with
respect to the longitudinal axis of the blower) wall
108 divides the inlet 104 and the outlet 106 into
two completely separate sections, so that the enter-
ing gas flows in generally equal amounts in the
directions of the full line arrows shown in FIGURE 3,
to the lefthand and to the righthand impellers of the
blower, and exits in generally equal amounts from the
lefthand and righthand plenum chambers of the blower
out the outlet 106, and to avoid internal turbulence
which if permitted to occur would create additional
heat. Wall 108 has an opening 110 therethrough, through
which extends the drive shaft 22 of the“blower. Trans-
verse wall 111 (FIGURE 3) closes the ends of the inlet
sections 115 of the blower housing. .

As can be seén in FIGURES 1, 3, 9 and 10,
an outlet opening 112 is provided from each of the

plenﬁm chambers 24, 26, which open into the respective
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exit section 114 of the blower housing. Openings
112, as can be best seen in FIGURE 1l and FIGURE 9
are preferably vertically elongated, and communicate
the respective plenum chamber with the respective

exit section 114 of the blower housing. The exterior

of housing 12 at inlet sections 115 of the blower .

is of generally cylindrically configuration as can
be best seen in FIGURE 2, while the exit sections
114 are defined by walls of more box-like configura-
tion, and comprising upper and lower generally planar
wall sections 118, 119, as best seen in FIGURE 9,
However, the gas outlet opening 119a (FIGURE 9) is
preferably of circular configuration and of the
same size opening as the circular opening at the
blower inlet 104. Aforementioned wall sections 118,
119 merge smoothly with opening 119a, as do the
defining side wall portions of exit sections 114
(FIGURE 3). _

In accordance with the invention, the inlet
104 to the blower and the outlet 106 from the blower,
are inline with one another crosswise of shaft 22;
with such arrangement and the opposed balanced
impellers, substantially zero thrust is applied to
the bearing structure during operation of the blower.
As best seen in FIGURE 3, the gas is tgken into the
respective inlet section 115; flows through the eye
0of the respective impeller and through shroud
portion 120 of the housing coacting with-the
respective impeller, and then into the associated
plenum chamber, and thedge into the respective exit

section 114.
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Each end plate 18 is prefe:ablyvprovided
with a threaded opening 121 therein which is B
adapted to receive in coacting threaded relation- '
ship, a pressure relief valve of conventional type,
for providing pressure relief to the respéctive
plenum chamber of the blower. Such relief valve
mechanism (many of which are known in the art) is
commercially available and may be purchased, for B
instance, from Fisher Controls Cémpany of Cleveland,
Ohio. Such valve mechanism may be set, for instance,
to open and relievg the pressure in the respective
plenum chamber, at approximately 20 psig.

Referring now in particular to FIGURE 1,
2 and 10, cooling and strengthening ribs 122 extend-
ing ouﬁwardly from the body 124 of the blower and
intermediate plenum chambers 24, 26, are preferably
provided, with such cooling ribs merging as can be
seen in FIGURES 2.and 9 with the exterior of the
respective plenum chamber. Also the end cap members
18 are each preferably provided with exterior verti-
cally extending ribs 126 which aid in removal of
the heat from the blower as well as aiding in
strengthening the defining wall of the end cap
member.

The blower illustrated is adapted to
receive the gas at for instance a minimiim pressure
at the inlet 104 and to discharge it at the outlet
106 at a pressure of, for instance, 3 to 5 pounds
per square inch gage, and of a quantity, for instance,

of approximately 3400 cubic feet per minute. The
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shaft may be rotating at between 3000 to 10,000 R.P.M. .
to achieve various displacement pressure and vacuum.
The blower possesses a low noise level during operation
thereof, and may be expediti;usly formed of aluminum Lo
alloy castings so that it can provide a relatively light- '
weight blower mechanism that is fairly readily portable. -

The bearing assemblies 71 may be maintained

in lubricated condition by conventional lubricant
disposed behind the respective outer bearing cap 76,
76a.

From the‘foregoing description and accom-
panying drawings it will be seen that the invention
provides a novel centrifugal blower comprising a
housing defining a pair of axially spaced plenum
chambers with an impeller disposed in each of said
chambers for rotation with respect thereto, and with
a shaft extending axially of the housing and mounting .
the opposed impellers thereon, and with a gas inlet
into and a gas outlet from each of the chambers,:
with the gas inlet and gas outlet being disposed in
aligned relationship crosswise of the shaft, whereby
minimum thrust forces are applied to the shaft and the
associated bearings during operation thereof. The
invention also provides a novel relatively lightweight
blower mechanism adapted for instance to move gas
through a line system at a relatively high flow rate,
and wherein means are provided for expeditiously
replacing the bearing structure of the blower without

the necessity of disassembling the entire blower.
. ra
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The terms and expfaslions which have been
used are used as terms of description and not of
limitation, and there is no intention in the use of
such terms and expresaions'5£ excluding any equiva- '
lents of any of the features shown or described, or
portions thereof, and it is recognized that various -
modifications are possible within the scope of the

invention claimed.
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CLAIMS

1. A centrifugal blower comprising a housing having
a pair of axially spaced plenum chambers, a
shaft extending axially of said housing length- . i
wise thereof and into said chambers, an impeller. ‘
mounted on said shaft and disposed in the
respective of each chamber for rotation with
respect thereto, said housing including a gas
inlet to each of said chambers and a gas outlet
from each of said chambers, said inlet and said
outlet for each chamber being disposed in line
generally crosswise of said'shaft. whereby said
blowex pdssesses minimum end thrust during

operation thereof.

2. A blower in accordance with claim 1 including
spaced beéring means in said housing mounting
said shaft for rotation thereof relative to
said housing, and means for expeditious removal
of said bearing means endwise of said shaft

without requiring disassembly of the entire blower.

3. A blowef in accordance with claim 1 wherein
said housing includes a dividing wall extending
from one side of said housing to the other side
thereof generally perpenéicular to said length-
wise axis of said housing, and wherein said
inlet comprises a.single opening and said outlet
comprises a single opening and said dividing
wall divides said inlet and said outlet openings
into separate inlets and outlets for each of the

respective chambers.
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A blower in accordance with claim 1 wherein
said housing is open at both lengthwise axial
ends thereof, and including a cover at each

end closing the associated open end of the :

housing including means detachably connecting
said cover to the respective end of said

housing.

A blower in accordance with claim 1 wherein
each said impeller includes a back-up plate

and impeller blades secured to said plate and
generally spiralling outwardly in one rotary
direction of the impeller, the distal boundary
of each of said blades extending obliguely
arcuately outwardly relative to the-plane of
said back-up plate to a predetermined p§int

and then curving inwardly toward said plane

and radially outwardly in the direction of the
periphery of said plate to a predetermined point,
and then extending diagonally to merge with said

plate.

A blower in accordance with claim 4 including

a barrier wall attached to the inner side of
said cover by means of an axially extending hub
portion, said shaft mounting each impeller in
close proximity to the inner side oé the respec-
tive barrier wall and to the confronting surface
of said housing for rotation of said impeller
relative to said resgective barrier wall in

said plenum chamber.
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7. A blower in accordance with claim 6 wherein
the outer periphery of said barrier wall is
disposed a greater radial distance from the
lengthwise axis of said shaft as compared to
the radial distance of the outer periphery of

gsaid impeller from said axis of said shaft.

8. A blower in accordance with claim 6 wherein
sajid barrier wall includeg a generally
radially extending section projecting outwardly
from said hub.portion, and a generally obliquely
inwardly extending section projecting from
said radial section, said impeller including a
back-up plate formed generally complementary
to said barrier wall, and impeller blades
secured to the inner side of said back-up
plate and generally spiralling outwardly in a

backward direction relative to the direction

of rotation of said impeller.

9. A blower in accordance with claim 6 wherein said
confronting surface of said housing includes a
shroud portion encircling a portion of said
impeller adjacent the inner end thereof, said
shroud portion being spaced axially inwardly
from said barrier wall, and a bearing assembly
spaced axially outwardly of said shroud portion
and rotatably mounting said shaft at the asso-
ciated end of said housing, and means on said

impeiler and on said cover providing for axial
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removal of said cover, said bearing assembly
and said impeller endwise of said shaft from
said housing without requiring disassembly of
the entire blower.

A blower in accordance with claim 4 wherein
said impeller is rotatable in its respective
plenum chamber with rotation of said shaft,
and bearing means coacting between said shaft
and said cover for antifriction rotation of

gaid shaft reiative to said housing.

A blower in accordance with claim 4 wherein
each said cover comprises a circular plate-
like member having means adjacent its periphery
for attaching said plage-like member to said
housing, and an inwardly disposed barrier wall
plate of generally circular exterior configura-
tion and spaced axially from said outer plate-
like member and connected thereto by a hub,
said barrier wall being of dished-like con-
figuration in side elevation for receiving in
coacting relationship therewith a complementary
shaped backing plate portion of said impeller,
and in closely spaced relationship therewith,
rotation of said impeller occurring relative

to said barrier wall plate upon rotation of
said shaft, and spaced bearing assemblies
adjacent the ends ‘of said housing and providing
for antifriction rotation of said shaft relative
to said housing, and said end covers and said

barrier walls.
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12. A blower in accordance with claim 11 including
an opening through said outer plate-like member,
a cover for said plate-like member opening, and
means detachably connecting tﬁe last mentioned
cover to said outer plate-~like member, said
last mentioned cover upon removal thereof expos-
ing the end of said shaft for providing access
to the associated bgaring assembly at the

associated end of said shaft.

13. A blower in accordance with claim 12 including
sealing means coacting between said shaft and

said bearing assemblies for retaining lubricant.

14. A blower in accordance with claim 7 wherein said
iméeller comprises a hub, means on said hub for
securing said impeller to said shaft, a back-up
plate secured to said hub and extending generally .
radially therefrom for a predetermined distance
and then extending obliquely inwardly to define
a dish-like configuration in side elevation,
said impeller having blades secured to said
back-up plate and which generally spiral outwardly
from said hub in a backward direction, and
terminate adjacent the periphery of said back-up
plate of said impeller, said blades being comple-
mentarily curved to the curvature of said con-
fronting surface of said housing and being disposed
intermediate said confronting surface of said

housing and said back-up plate, said confronting
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surface including a shroud encircling the inner
end of the associated impeller and through which
the gas is adapted to pass from said inlet, and
a vertically elongated exit opening communicat-

ing each respective plenum chamber with said
outlet.
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