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VORTEX WASTE SEPARATOR APPARATUS

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] This patent application is a continuation-in-part of copending U.S. Patent
Application No. 12/245,541, filed October 3, 2008.

FIELD OF THE INVENTION

[0002] This invention pertains to systems for separating aircraft waste and, more
particularly, to avortex apparatus for removing solid and liquid waste from awaste stream
from aircraft toilets or other receptacles while withdrawing a substantially moisture-free
airstream under suction.

BACKGROUND OF THE INVENTION

[0003] Various systems are available in the art that employ avacuum to transport liquid and
solid waste material from aircraft toilets or other receptacles to awaste tank for storage. The
waste material that istransported includes solid human waste, urine, water, optionally cleansing
and disinfecting chemicals, air, toilet paper, food, and often unexpected discarded items, all of
which are drawn from the aircraft toilets or other receptacles to one or more waste tanks. The
waste tanks, of course, are emptied during ground servicing of the aircraft.

[0004] The suction that transports the waste material to awaste tank isusually provided by a
vacuum generator when the aircraft is on the ground or a low altitudes. At higher altitudes, the
system typically will bevented to the external lower pressure atmosphere, creating a pressure
differential between the exterior atmosphere and the interior of the aircraft to draw the waste
material from the aircraft toilets or other receptacles for transport to the waste tank for storage.

[0005] Asthe waste material istransported to the waste tank, the air which was drawn along
with the waste material must be released to the atmosphere. This air must be free of moisture
and particulate solids for sanitary and for safety reasons. Asto sanitary concerns, it isobviously
undesirable to release particulate human waste into the atmosphere, either when the aircraft is
airborne or when it ison the ground. Additionally, there isadanger that if a substantial amount
of water escapes the aircraft from such avacuum driven aircraft waste collection system, it may
build up on the aircraft fuselage to form ice.

[0006] Conventiona aircraft waste material separation systems are large and so require
excessive space in the aircraft while contributing unnecessarily to the aircraft weight,



WO 2010/040039 PCT/US2009/059358

reducing its fuel efficiency. Also, conventional waste material separation systems require
frequent servicing, which is often difficult and time-consuming to perform because of
inconvenient access to the separator apparatus. Additionally, conventional waste material
separation systems typically have two separators, one a the inlet and another at the outlet of
the systems. Finally, conventional separation apparatus, while often effective in removing
moisture from the waste material under optimal conditions, could nevertheless be improved
by ensuring that the apparatus consistently prevents the escape of moisture.

[0007] Thus, the need exists for an improved waste material separation system using a
single separator making for an overall system that is compact and lightweight without
compromising its performance. It should also be consistently effective in minimizing or
preventing the escape of moisture in the outgoing airstream. Additionally, the apparatus must
be capable of being easily and safely replaced with minimal exposure to the collected waste.
Finally, the apparatus should also be capable of being easily installed in the limited space
availablein the aircraft. The present invention satisfies all of these requirements and has other
benefits aswell.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention comprises amultiple vortex separator for drawing a
substantially moisture-free airstream from awaste stream containing liquid and solid waste.
The separator isparticularly well adapted for use in aircraft. The separator of the invention
includes ahousing, which ispreferably cylindrical in shape, and has awaste inlet for
receiving the waste stream. The inlet tube leading to the waste inlet preferably will be angled
with respect to the horizontal plane to add a gravitational assist to the waste stream entering
the separator. The top of the cylindrical housing is enclosed and has an exhaust port for
drawing the substantially moisture-free airstream from the housing by way of suction force
provided by delta pressure produced by avacuum generator or, a high altitudes, the pressure
differential between the exterior atmosphere and the interior of the aircraft.

[0009] An annular channel ispositioned along the inner surface of the cylindrical wall of
the housing. This channel defines afirst vortex path for separating liquid and solid waste
from the waste stream. The annular channel isin communication with the waste inlet.

[0010] A filter unit comprising apair of nested inverted cones islocated within the
cylindrical housing. These cones define an inverted conical cavity that isin communication
with the exhaust port. A second vortex flow path which forms within the conical cavity thus
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isisolated from the first vortex path. In one embodiment of the invention, the filter unit may
be configured as areplaceable filter unit cartridge.

[0011] Accordingly, awaste stream containing liquid and solid waste is drawn into the
housing through the waste inlet by a suction force applied to the exhaust port. The entering
waste stream encounters the annular channel along the inner surface of the housing wall,
moving in afirst vortex flow path in which liquid and solid wastes are separated from the
waste stream by centrifugal force. Asaresult, the heavier waste materials move to the
outside of the annular channel and fall downwardly for collection as appropriate. In a
preferred embodiment, the remaining lighter airstream enters the inverted conical cavity
between the nested cones in a second vortex path that isisolated from the first vortex path.
Additional liquid and solid waste isremoved from the airstream moving through the conical
cavity again by centrifugal force to produce a substantially moisture-free airstream which
exits from the vortex separator through the exhaust port. The source of suction will be either
the cabin to atmosphere differential at high altitudes or avacuum generator at low altitudes.

[0012] Finally, ahelix isolator may be provided in the area outside of the filter unit to
help prevent cross-contamination of the waste stream falling to the waste tank for collection
and later disposal and the lighter substantially waste-free airstream advancing into the filter
unit. The helix separator includes a hollow central member attached outside of the filter unit
with apair of helical vanes extending out to the inner surface of the separator and baffles on
the vanes and at the entrance to the central member to capture and direct the liquid and solid
waste downwardly while blocking its upward movement.

[0013] In apreferred embodiment, radially disposed vanes are positioned adjacent the
entrance of the conical cavity. These vanes are angled about their radial axesto form angled
slots for inducing and enhancing rotary motion in the airstream passing through the slots into
the conical cavity.

[0014] The inner surface of the inner cone defines an inner conical chamber. A barrier
extends between the cones forming atop closure of the conical cavity. Finally, at least one
interconnecting port is located in this top closure communicating between the conical cavity
and the inner conical chamber. Thus, the airstream moving through the separator passes from
the conical cavity into the inner conical chamber through the interconnecting port.

[0015] The inner conical chamber may have a check valve at its bottom adapted to open
when the separator isnot drawing awaste stream into the cylindrical housing. When this

happens, liquid and solid waste that has collected in the inner conical chamber will fall from
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the chamber to be collected as appropriate. Also, afilter medium may be disposed in the
chamber to coalesce moisture remaining in the airstream that passes through the chamber.

[0016] Finally, an exhaust member may be generally centered in the conical chamber.
The exhaust member has an annular shelf positioned above the chamber and the top closure
of the cones. It also has acentral tubular portion projecting downwardly into the chamber
defining an exit conduit leading from the chamber to the top of the cylindrical housing of the
separator. Thus, the airstream exiting the chamber will pass through the tubular portion
before being removed from the top of the housing via the exhaust port. Finally, a demister
filter may be disposed across the top opening of the tubular portion to help remove any
remaining moisture in the exiting airstream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In order to aid in understanding the invention, it will now be described in
connection with exemplary embodiments thereof with reference to the accompanying
drawings in which like numerical designations will be given to like features with reference to
the accompanying drawings wherein:

[0018] Figure 1is aperspective view of the exterior of awaste tank fitted with avortex
separator in accordance with the present invention;

[0019] Figure 2 isapartial cut-away view of the vortex separator and waste tank of
Figure 1;

[0020] Figure 3isan enlarged view of the vortex separator of Figure 1;

[0021] Figure 4 isacut-away elevation view of areplaceable filter unit cartridge which
may beused in the practice of the present invention;

[0022] Figure 5is an exploded view of the filter unit cartridge of Figure 4;

[0023] Figure 6 is a cut-away perspective view of avortex separator and waste tank in
accordance with the invention having afilter unit cartridge in place;

[0024] Figure 7 isaside elevation view of the outside of avortex separator and waste
tank in accordance with the invention showing an angled inlet tube;
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[0025] Figure 8is acut-away elevation view of the vortex separator and waste tank of
Figure 7 including ahelix isolator;

[0026] Figure 9 is abottom perspective view of the vortex separator and waste tank of
Figure 7 showing the helix isolator including its baffles, and

[0027] Figure 10 is aperspective view of the helix isolator of Figures 8 and 9.

DETAILED DESCRIPTION OF A
PREFERRED EMBODIMENT OF THE INVENTION

[0028] The embodiment of the invention described below isnot intended to be exhaustive
or to limit the invention to the precise structure and operation disclosed. Rather, the
embodiment described in detail below has been chosen and described to explain the
principles of the invention and its application, operation and use in order to best enable others
skilled in the art to follow its teachings.

[0029] Turning now to Figure 1, the exterior of awaste tank 10 having avortex waste
Separator 12 in accordance with the invention isillustrated. The vortex separator 12 includes
ahousing 14 that ispreferably cylindrical as shown and an exhaust cap 16 with an exhaust
tube 18 atop the housing. The exhaust cap may be removably clamped to the top of the
cylindrical housing to permit access to the interior of the separator when desired and to
permit removal and replacement of afilter unit cartridge in one preferred embodiment of the
invention. Exhaust tube 18 will be connected as shown diagrammatically to a source of
suction comprising avacuum generator 22 at low altitudes or the external atmosphere at high
altitudes 24 to draw waste from aircraft toilets or other receptacles by way of the vortex
separator. The switching is achieved with an altitude-sensitive bypass check valve 20.

[0030] Vortex separator 12 has an inlet tube 26 which in an aircraft functions to transport
the waste stream from an aircraft toilet or other receptacle to the separator. The inlet tube
thus, e.g., receives awaste stream comprising air, waste water, waste solids, and other
materials from the aircraft toilet when it isflushed. This stream, which is represented
diagrammatically by arrow WS, isdrawn into vortex separator 12 by suction provided either
by the pressure differential a high elevations or by the operation of avacuum generator at
low altitudes applied at exhaust tube 18. At altitudes below about 16,000 feet, the vacuum
generator preferably will produce avacuum of about 3-9 inches Hg. Asthe aircraft rises past
about 16,000 feet, the system will switch from the vacuum generator to the cabin-to-
atmosphere differential by way of the operation of check valve 20 to draw the waste stream

5
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into the separator. When the aircraft descends past about 16,000 feet, the system will switch
back to the vacuum generator. Finally, waste tank 10 includes a drain tube 28 at its bottom
which will be connected to awaste removal port on the outside of the aircraft (not shown)
through which waste collected in tank 10 will be drained during servicing of the aircraft.

[0031] As can be seen in the cut-away view of Figure 2 which illustrates the internal
structure of vortex separator 12, the vortex separator includes an optimal annular channel 30
in communication with inlet tube 26 formed into inner surface 31 of annular wall 32 of
cylindrical housing 14. It should be noted that the lower portion 33 of wall 32 extends into
waste tank 10 with an outer annular lip 35 encircling the outer surface 37 of the wall resting
on acorresponding lip 29 of the tank so that the two may be removably clamped together
(Figure 1).

[0032] Thus, the vacuum applied at exhaust tube 18 istransmitted across the vortex
Separator to draw stream W S1into inlet tube 26 under high velocity. This high velocity
stream is directed by inlet tube 26 into annular channel 30 which defines afirst vortex flow
path V1. Asstream WS1moves in flow path Vi alighter airstream WS2 migrates to the
center of the separator cylindrical housing as most of the heavier solids and liquids move to
the outside and fall out of stream WSl to the bottom of waste tank 10. In one embodiment of
the invention, airstream WS2 may be withdrawn from the separator through exhaust tube 18.

[0033] It ispreferred, however, that afilter unit 27 be provided having an inverted
truncated conical cavity 34 between an inner inverted cone 36 nested within an outer inverted
cone 38. Thus, the inner surface 37 of outer inverted cone 38 and the outer surface 39 of
inner inverted cone 36 define inverted conica cavity 34 which is generally centered within
housing 14. Nested cones 36 and 38 are mounted below exhaust cap 16, and are
interconnected by a support structure 40 & the entrance to the conical cavity having vanes 41
extending radially outwardly from ahub 43. The vanes may be angled about their radial axes
to form angled dlots for inducing rotary motion in the airstream passing through the slots into
conical cavity 34 to the second vortex path. Support structure 40 maintains the spacing
between the cones without obstructing passage of material from the conical cavity in the
space between the vanes. A funnel 47 islocated below the nested cones. The outer surface
51 of the funnel helps divert the lighter airstream WS2 into inverted conical cavity 34.

[0034] The nested truncated cones also define an annular opening 45 (Figure 3) along
their bottom edge into which airstream WS2 is drawn, and from which heavier materia will
fall from conical cavity 34 past vanes 41 aswill be explained in more detail below. Finally,

the top edge of the nested conesis generally closed off by an annular top closure 44 which
6
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has one or more ports or scoops 46 through which the airstream istransported from the
conical cavity. Second and third like scoops are located 120° apart but are hidden from view
in Figure 2.

[0035] Airstream WS2 therefore is drawn up through conical cavity 34 by the suction
force applied a exhaust tube 18. Due to the nesting of the cones this stream can only travel
between the walls of the cones. Asaresult of the optional fan-like strut structure, the conical
shape of cavity 34, and the high velocity of circularly moving stream WS2, this stream will
move through cavity 34 in a second vortex flow path V2 which, as can be seen in Figure 2, is
isolated from vortex flow path V1. Vortex flow path V2 again produces a centrifugal force
that causes remaining heavier materials (particulate waste & liquid) to move to the outside
where it will fall down through conica cavity 34 and annular opening 45 at the bottom of the
nested cones into tank 10. Meanwhile, the remaining lighter airstream WS3 will pass
upwardly through ports 46 in top closure 44 to be drawn down into an inner inverted
truncated conical chamber 50 defined by the inner surface 48 of cone 36.

[0036] A waste check valve 60 is located a the bottom 54 of chamber 50. This check
valve comprises an inverted umbrella-shaped rubber membrane 52 supported below strut
structure 56 by a central upwardly projecting locking member 58 that is mounted in ahole a
the center of the strut structure. The check valve alows solids and liquids to fall from
truncated conical chamber 50 to funnel 47 and out bottom funnel opening 49 to waste tank 10
but does not allow contaminated air from below the check valve to enter the chamber, as
explained below. Asisillustrated diagrammatically in Figure 3, chamber 50 also contains a
first filter material 62 which helps coalesce remaining moisture as the stream moves through
truncated conical chamber 50 to leave a further portion of waste stream WS3 with a most
minimal amounts of moisture asit exits chamber 50.

[0037] Stream WS3 next enters an exhaust member 63 having an annular shelf 64 resting
a the top of cone 36 and atubular portion 66 centered above chamber 50, with tubular
portion 66 extending partially into the chamber and the annular flange supporting the exhaust
member across the top of the nested cones. Shelf 64 rests below exhaust cap 16 of the vortex
separator. Preferably, a demister filter material 72 is disposed across the top opening 72 of
tubular portion 66 to trap moisture and help demist entrained moisture moving past the mesh
through cap 16 and out exhaust tube 18. Both filter materials 62 and 72 preferably are in the
form of a dense knitted mesh of metal, nylon or propylene. Thus, filter material 72is
positioned to remove most if not all of the moisture remaining in stream WS3, so that the
airstream moving out through exhaust tube 18 to the outside atmosphere will be free of
moisture.
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[0038] The device will operate when the flush cycle of the airplane toilet isinitiated.
When this happens, waste stream WSl will be drawn from the toilet through inlet tube 26
into annular channel 30 and first vortex flow path V| in which the resulting centrifugal force
causes the heavier components of the waste mixture to move to the outside and fall into waste
tank 10, as discussed earlier.

[0039] Meanwhile, aremaining rapidly moving vortex comprising stream WS2 enters
inverted truncated conical cavity 34 through the angled slots between vanes 41 and the
remaining solids and water are further separated by the centrifugal force produced in a second
vortex flow path V2 causing additional solids and water to fall into waste tank 10, leaving
remaining waste stream WS3 as an airstream substantially free of solids and with a substantially
reduced level of liquids. WS3 isthen drawn from the center of the separator cylindrical housing
into conical cavity 34 through ports 46 along annular channel 55 of closure 44 and into inverted
conical chamber where it passes up through first filter material 62 which helps coalesce
remaining entrained liquid in stream WS3 so that it accumulates and falls to the bottom of the
inverted conical chamber. Asaresult, when the vacuum in the system isno longer applied,
check valve 60 will open under the weight of the accumulated materia at the bottom of
chamber 50 so that this waste material can move past the check valve into funnel 47 from
which it will fall through bottom funnel opening 49 to the bottom of tank 10joining the
earlier separated waste.

[0040] It should be noted that vortices V| and V2 do not intersect. Thisisan important
feature of the invention since intermingling of crossing high velocity waste streams moving
through the vortices would cause additional particulate moisture and solids to be formed
significantly reducing the effectiveness of the separator.

[0041] The remaining stream WS3 passes from exhaust chamber tubular portion 66 of
exhaust member 63 through demister filter 72 where it passes through exhaust cap 16 into
exhaust tube 18 to either the vacuum generator or the atmosphere if the aircraft is operating at
ahigh atitude. Typically, the above process, from the application of the vacuum through the
completion of the separation process will take about 1to 4 seconds.

[0042] In one alternative embodiment of the invention, filter unit 27 may bein the form
of aremovable filter unit cartridge 150, which is depicted in Figures 4 and 5. This cartridge
is designed to be accessed by removing cap 16 (Figure 6). Thus, periodically and with the
cap removed, the cartridge may be dlipped out of separator 12 where it rests on alip 152 a
the top of the separator (Figure 8) and replaced with afresh filter unit cartridge.
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[0043] Cartridge 150 thus includes an inner inverted cone 36A nested within an outer
inverted cone 38A with the inner surface of the outer inverted cone and the outer surface of
the inner inverted cone defining an inverted conical cavity 34A. Preferably aconical filter
154 made of demister filter materia rests within cone 36A.

[0044] An annular shelf 156 islocated at the top of cone 36A. Below the shelf a series of
ports 158 are provided by way of outwardly radially diverging circular scoops 160 which
encircle the cone. In this embodiment, two such scoops are visible, but three scoops evenly
separated 120° apart are present. The bottom edges of the scoops project outwardly to form a
bottom shelf 162. Top shelf 164 is generaly perpendicular to the longitudinal axis of the
cone and defines the top of the outer cone aswell asthe top surface of the scoops. Outer
cone 38A also has a strut support structure 56A at its bottom entrance.

[0045] A waste check valve 60 islocated below strut support structure 56A of the outer
cone. Asin the previous embodiments, this check valve comprises an inverted umbrella-
shaped rubber membrane supported below strut structure 56A by a central upwardly
projecting locking member 58 that ismounted at the center of the strut support structure.

[0046] Cartridge 150 also includes atop member 168 having atop flange 170 which rests
on shelf 156 of the filter cartridge. Top member 168 includes a downwardly directed tubular
portion 172 which helps position the top member and hold tubular filter member 176
(described below) in place in the fully assembled cartridge. The top member also includes a
downwardly directed annular depression 174 corresponding generaly in diameter to the
inside diameter of cone 36 to help maintain the top member within inner cone 36A.

[0047] A first tubular filter member 176 made of demister filter material ispress fit into
tubular portion 172 of top member 168.

[0048] Top member 168 aso includes an upwardly extending annular cavity 180
established by acircular upstanding wall 184. Three circular demister filters 186, 188, and
190 are positioned in cavity 180. Of course, any desired number of such demister filters may
beused. The circular demister filters are locked in place by aplastic ring 182 which may be
glued or heat staked into place against wall 184.

[0049] Turning next to Figure 6, the vortex separator of the invention is shown with
cartridge 150 in place in outer cone 38A which supports afunnel 47 asin the embodiment of
Figures 1-3. This figure also shows a clamp 192 to facilitate removal of cap 16 for replacing
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the cartridge and an O-ring 194 to maintain the seal between the cap and the top of the vortex
separator when the cap islocked in place.

[0050] Figure 7 illustrates apreferred embodiment of the invention in which the inlet
tube 26A isa an angle "A" with respect to the horizontal plane. Angle "A" should be at least
about 10° and can be greater, so long as sufficient clearance is available. Angling the inlet
tube adds a gravitational assist to the waste moving into the vortex separator to deliver the
waste into the downwardly spiraling air stream of the vortex separator.

[0051] Preferably, the vortex separator aso includes ahelix isolator 120 which is shown
standing alone (and inverted for illustration purposes) in Figure 10, and shown in place in the
vortex separator in the elevation and bottom views of Figures 8 and 9. Helix isolator 120
thus comprises a central generally cylindrical member 122 that isbonded onto the outer
surface 110 of outer cone 38A.

[0052] The helix isolator includes afirst helical vane 126 projecting away from the outer
surface 128 of cylindrical member 122 to the inner surface 31 of the separator and a generaly
downwardly directed first side baffle 130 (projecting upwardly in Figure 10 for purposes of
illustration) at the lower terminus 132 of the vane. Baffle 130 ispreferably angled with
respect to the vertical defined by the central axis of the helix isolator. For example, the vane
may be angled at about 10° with respect to the central axis.

[0053] The helix isolator aso includes a second helical vane 134 also projecting away
from outer surface 128 to the inner surface 31 of the separator. Helical vane 134 has a
generally downwardly directed second side baffle 136 a the lower terminus 138 of this vane.
The opposite edges 140 and 142 of the vanes which are diametrically opposed on opposite
sides of cylindrical member 122 are open so as not to impede incoming material or air flow.
Also, preferably vanes 126 and 134 together extend 360° about cylindrical member 122.
Bottom edge 147 of baffle 130 preferably will be spaced from the bottom edge 149 of exit
port 148 to ensure air flow clearance at the bottom of the helix isolator. This spacing should
be at least about one-half inch.

[0054] Finally, abottom baffle 144 islocated at the exit port 146 of central member 122
of the helix separator. This baffle isangled at least 10° with respect to the longitudinal axis
of the central member to help keep waste from entering outlet 148 of the exit port. If waste
does enter the port during a flush operation, it will be able to drain out between flushes
because of this structure.

10
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[0055] Helix isolator 120 helps ensure that waste in waste stream WS2 and vortex flow
path V2 continues its downward spiral movement without becoming entrained in the airflow
into conical cavity 42 between the nested cones thereby eliminating or minimizing waste
buildup on conical surfaces 37 and 39. Thus, preferably top surface 151 of isolator vane 126
will be positioned just below the point of entry through inlet tube 26 which islabeled "153"
in Figure 8. Side baffles 130 and 136 in turn allow the waste to exit the helix. Bottom baffle
136 limits the area for tank air to escape the system. The helixes and side and bottom baffles
thus isolate the air exhaust from the tank from the waste that is dropping into the tank.

[0056] The objective of the present invention isto draw awaste stream containing liquid
and solid waste, remove the liquid and solid waste from the air stream and produce a liquid-
free exhaust air stream. The structure of the present invention achieves this purpose in an
efficient, reliable and effective fashion.

[0057] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent asif each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0058] The use of the terms "a' and "an" and "the" and similar referents in the context of
describing the invention (especially in the context of the following claims) areto be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each separate value falling within the
range, unless otherwise indicated herein, and each separate value isincorporated into the
specification asif it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., "such
as') provided herein, isintended merely to better illuminate the invention and does not pose a
l[imitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention.

[0059] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. It should be understood that the
illustrated embodiments are exemplary only, and should not betaken as limiting the scope of
the invention.

11
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WHAT IS CLAIMED IS:

1 A vortex separator for removing solid and liquid waste from awaste stream while
withdrawing a substantially moisture-free airstream under suction comprising:

ahousing having an outer wall with an inner surface, awaste inlet for receiving the
waste stream, and an enclosed top with an exhaust port for withdrawing the substantially
moisture-free airstream from the housing; and

an annular channel along the inner surface of the wall defining afirst vortex flow path
for separating liquid and solid waste from the waste stream, the annular channel being in
communication with the inlet.

2. The vortex separator of claim 1including afilter unit containing inner and outer
nested cones within the cylindrical housing defining an inverted conical cavity between the
cones, the conical cavity being in communication with the exhaust port and forming a second
vortex flow path isolated from the first vortex flow path for separating additional liquid and
solid waste from the waste stream before it iswithdrawn from the exhaust port.

3. A multiple vortex separator for removing solid and liquid waste from awaste stream
while withdrawing a substantially moisture-free airstream under suction comprising:

ahousing having an outer wall with an inner surface, awaste inlet for receiving the
waste stream, and an enclosed top with an exhaust port for withdrawing the substantially
moisture-free airstream from the housing;

an annular channel along the inner surface of the wall defining afirst vortex flow path
for separating liquid and solid waste from the waste stream, the annular channel being in
communication with the inlet; and

afilter unit containing inner and outer nested cones within the cylindrical housing
defining an inverted conical cavity between the cones, the conical cavity being in
communication with the exhaust port and forming a second vortex flow path isolated from
the first vortex flow path for separating additional liquid and solid waste from the waste
stream before it iswithdrawn from the exhaust port.

4, The multiple vortex separator of claim 3 including an exhaust cap removably clamped
atop the housing, where the exhaust port is located in the cap.
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5. The multiple vortex separator of claim 3 in which the nested cones are mounted
directly below the exhaust cap.

6. The multiple vortex separator of claim 3 in which a source of suction is connected to
the exhaust port for withdrawing the substantially moisture-free airstream from the housing
and awaste stream containing liquid and solid waste is connected to the inlet.

7. The multiple vortex separator of claim 6 in which the multiple vortex separator is
disposed in an aircraft and the source of suction is either avacuum generator or the
differential pressure between the interior of the aircraft and the outside atmosphere.

8. The multiple vortex separator of claim 7 including a conduit for transporting the
waste stream from an aircraft toilet to the separator.

9. The multiple vortex separator of claim 3 in which the vortex separator is mounted to a
waste tank having a drain for removing waste collected in the tank.

10. The multiple vortex separator of claim 9 in which the vortex separator includes a
lower portion that extends into the waste tank, the lower portion having an outer annular lip
and the tank having a corresponding outer annular lip, and the two annular lips being
removably clamped together.

11.  Themultiple vortex separator of claim 3 in which radialy disposed vanes are
positioned adjacent the entrance to the conical cavity, the vanes being angled about their
radial axesto form angled slots for inducing rotary motion in the airstream passing through
the dots into the conical cavity.

12. The multiple vortex separator of claim 3 including abarrier extending between the

cones forming atop closure of the annular opening, and an inner inverted conical chamber

defined by the inner surface of the inner cone, the top closure having aport communicating
between the inverted conical cavity and the inverted conical chamber.

13. The multiple vortex separator of claim 12 in which the port is an air scoop.

14. The multiple vortex separator of claim 12 including a check valve at the bottom of the
inverted conical chamber adapted to open when the multiple vortex separator isnot subject to
adelta pressure.
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15. The multiple vortex separator of claim 12 including afilter media disposed in the
chamber to coalesce moisture in the airstream passing through the chamber.

16. The multiple vortex separator of claim 3 including an exhaust member generally
centered within the conical chamber having an annular shelf positioned above the chamber
and atubular portion projecting into the chamber.

17. The multiple vortex separator of claim 16 including a demister filter disposed across
the top opening of the tubular portion.

18. The multiple vortex separator of claim 3 including afunnel positioned below the
nested cones having amaximum radius less than the minimum radius of the outer cone for
diverting the airstream into the conical cavity.

19. A multiple vortex separator for removing solid and liquid waste from awaste stream
from aircraft toilets or other receptacles while withdrawing a substantially moisture-free
airstream under suction comprising:

ahousing having an outer wall with an inner surface, awaste inlet for receiving the
waste stream, and an enclosed top with an exhaust port for withdrawing the substantially
moisture-free airstream from the housing;

an annular channel along the inner surface of the wall defining afirst vortex flow path
for separating liquid and solid waste from the waste stream, the annular channel being in
communication with the inlet;

inner and outer nested cones within the cylindrical housing defining an inverted
conical cavity between the cones, the conical cavity being in communication with the exhaust
port and forming a second vortex flow path isolated from the first vortex flow path for
separating additional liquid and solid waste from the waste stream before it enters the exhaust
port;

an exhaust cap atop the housing and an exhaust port located in the cap; and

a source of suction connected to the exhaust port for withdrawing the substantially
moisture-free airstream from the housing and awaste stream containing liquid and solid
waste connected to the inlet.
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20. The multiple vortex separator of claim 19 in which radially disposed vanes are
positioned adjacent the entrance to the conical cavity, the vanes being angled about their
radial axesto form angled slots for inducing rotary motion in the airstream passing through
the dots into the conical cavity.

21.  Themultiple vortex separator of claim 19 including abarrier extending between the
cones forming atop closure of the annular opening, and an inner inverted conical chamber
defined by the inner surface of the inner cone, the top closure having aport communicating
between the inverted conical cavity and the inverted conical chamber.

22. The multiple vortex separator of claim 21 including a check valve at the bottom of the
inverted conical chamber adapted to open when the multiple vortex separator isnot subject to
adeltapressure.

23. The multiple vortex separator of claim 21 including afilter media disposed in the
chamber to coalesce moisture in the airstream passing through the chamber.

24, The multiple vortex separator of claim 19 including an exhaust member generally
centered within the conical chamber having an annular shelf positioned above the chamber
and atubular portion projecting into the chamber opening below the exhaust port in which a
demister filter is disposed across the top opening of the tubular portion.

25. The multiple vortex separator of claim 19 including a funnel positioned below the
nested cones having amaximum radius less than the minimum radius of the outer cone for
diverting the airstream into the conical cavity.

26. The vortex separator of claim 19 in which the vortex separator is mounted to awaste
tank having adrain for removing waste collected in the tank and no other separator is
associated with the tank for removing the solid and liquid waste from the waste stream while
withdrawing a substantially moisture-free airstream under suction.
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27. A method of drawing a substantially moisture-free airstream from awaste stream
containing liquid and solid waste comprising:

drawing the waste stream containing liquid and solid waste into an annular channel
defining afirst vortex flow path in a cylindrical housing so that heavier solids and liquids
move to the outside of the housing and fall downwardly while alighter airstream containing
remaining moisture particles migrate to the center of the housing; and

drawing the remaining lighter airstream into an inverted conical cavity in a second
vortex flow path isolated from the first vortex flow path to produce a centrifugal force
causing remaining heavier materials to fall through the conical cavity and the remaining
lighter airstream to be drawn from the conical cavity.

28. The method of claim 27 in which the remaining lighter airstream is drawn past
radially disposed angled vanes as it enters the inverted conical cavity.

29. The multiple vortex separator of claim 1including a conduit for transporting the
waste stream from an aircraft toilet to the separator, the conduit being angled with respect to
the horizontal plane to add a gravitational assist to the waste stream entering the separator.

30. The multiple vortex separator of claim 3 including areplaceable filter cartridge
removably positioned in the outer cone.

31 Themultiple vortex separator of claim 30 in which the filter cartridge includes the
inner cone and filter media within the inner cone.

32. The multiple vortex separator of claim 3 including a helix isolator having helical
vanes extending away from the filter unit to the inner surface of the housing.

33. The multiple vortex separator of claim 32 including one or more baffles on the vanes
to capture and direct the liquid and solid waste downwardly while blocking its upward
movement.

34. The multiple vortex separator of claim 32 in which the helix separator has ahollow
central member for attachment to the outer cone.

35. The multiple vortex separator of claim 34 in which abaffle islocated at the entrance
to the hollow central member.

16



WO 2010/040039 PCT/US2009/059358

36. The multiple vortex separator of claim 32 in which the helical vanes include afirst
helical vane projecting away from the outer surface of a cylindrical member to the inner
surface of the separator and generally downwardly directed first side baffle at the lower
terminus of the first vane.

37. The multiple vortex separator of claim 32 in which the helical vanes include a second
helical vane projecting away from the outer surface of a cylindrical member to the inner
surface of the separator and generally downwardly directed second side baffle at the lower
terminus of this vane.

38. The multiple vortex separator of claim 32 wherein the vanes together extend 360°
about the cylindrical member.

39. A multiple vortex separator for removing solid and liquid waste from awaste stream
while withdrawing a substantially moisture-free airstream under suction comprising:

ahousing having an outer wall with an inner surface, awaste inlet for receiving the
waste stream, and an enclosed top with an exhaust port for withdrawing the substantially
moisture-free airstream from the housing;

an annular channel along the inner surface of the wall defining afirst vortex flow path
for separating liquid and solid waste from the waste stream, the annular channel being in
communication with the inlet;

afilter unit containing inner and outer nested cones within the cylindrical housing
defining an inverted conical cavity between the cones, the conical cavity being in
communication with the exhaust port and forming a second vortex flow path isolated from
the first vortex flow path for separating additional liquid and solid waste from the waste
stream before it iswithdrawn from the exhaust port; and

ahelix isolator having helical vanes extending away from the filter unit to the inner
surface of the housing.

40. The multiple vortex separator of claim 39 in which the helical vanes include afirst
helical vane projecting away from the outer surface of a cylindrical member to the inner
surface of the separator and generally downwardly directed first side baffle at the lower
terminus of the first vane.
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41.  Themultiple vortex separator of claim 39 in which the helical vanes include a second
helical vane projecting away from the outer surface of a cylindrical member to the inner

surface of the separator and generally downwardly directed second side baffle a the lower
terminus of the second helical vane.
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