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screen and which cleans that filter screen by periodically modulating the nega-
tive air pressure to allow the liquid stream to wash any contaminants from the
surface of the filter screen.



Negative Pressure Filtration Apparatus, Method, and System

SPECIFICATION

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention is in the technical field of filtering devices, apparatuses,
methods, and systems. More particularly, the preferred embodiments of the present invention
relate generally to filtering devices, apparatuses, methods, and systems, which filter liquids.
More particularly, the preferred embodiments of the present invention relate generally to
filtering devices, apparatuses, methods, and systems, which use screen filters to filter liquids.
More particularly, the preferred embodiments of the present invention relate generally to
filtering devices, apparatuses, methods, and systems, which use textile screen filters to filter
liquids. More particularly, the preferred embodiments of the present invention relate
generally to filtering devices, apparatuses, methods, and systems, which use pressure
differentials. More particularly, the preferred embodiments of the present invention relate
generally to filtering devices, apparatuses, methods, and systems, which use negative
pressure. More particularly, the preferred embodiments of the present invention relate
generally to filtering devices, apparatuses, methods, and systems, which use negative air
pressure. More particularly, the preferred embodiments of the present invention relate
generally to filtering devices, apparatuses, methods, and systems, which use negative air
pressure to filter liquids. More particularly, the preferred embodiments of the present
invention relate generally to filtering devices, apparatuses, methods, and systems, which use

negative air pressure to filter liquids through textile screen filters.

[0003] 2. Description of the Related Art

[0004] The broad concept of methods, apparatus, and systems for filtering liquids is

known. However, most of these inventions require filters that are expensive or inefficient.
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[0005] Filtering liquids using mechanical filters is also known. However, these inventions

usually expensive filters that are susceptible to blockage and require frequent replacement.

[0006] It is also known to filter liquids using screens. However, these screens have issues
with fine holes, which may prevent liquid from flowing through the screens due to its surface

tension.

[0007] It is also known to filtering liquids using negative pressure. However, these systems

usually apply negative pressure to move the liquid.

[0008] Additionally, filtering liquids using negative air pressure is known. However, these

filters are used for cleaning air and not liquids.

[0009] Further, self-cleaning filter systems are also known. However, these inventions use

brushes or complicated mechanical systems to clean the filters.

[0010] Moreover, it is also known to use self-cleaning filter systems that use negative
pressure. However, theses inventions rely on negative pressure to directly remove
contaminates from the surface of the filter though suction and do not use liquid pressure to

wash the filter clean.

SUMMARY OF THE INVENTION

[0011] Filtration of contaminated liquids is often obtained through the use of mechanical
filters. These mechanical filters physically prevent contaminants from passing though the
filter while allowing the liquid to pass through the filter without the contaminants. In most
cases, this type of filtration uses a porous filter with small pores or holes, which are smaller
than the contaminants being removed from the liquid. Smaller pores or holes are able to
remove smaller and finer contaminants for improved filtration of the contaminated liquid;
however, as the size of the pore or hole decreases, the surface tension of the liquid may
prevent the liquid from efficiently passing through the filter. Additionally, contaminants that
are prevented from passing through the filter are susceptible to accumulation on the filter,
which further prevents the liquid from passing through the filter. These mechanical filters can

be expensive or require frequent cleaning or replacement to continue operation. Because of
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these susceptibilities, the challenge presented is to develop a method, system and apparatus
for filtering liquids, which addresses these problems, while maintaining the high quality of

the filtered liquid.

[0012] The Negative Pressure Filtration Apparatus, Method, and System invention was
developed in part to provide a method, system, and apparatus, for filtering liquids, which
allows the use of inexpensive filters with small pores or holes that are easy to clean, while
maintaining the high quality of the filtered liquid. In broad embodiment, the Negative
Pressure Filtration Apparatus, Method, and System invention relates to a method, system, and
apparatus, for filtering liquid, which uses negative air pressure to draw liquid stream through
a filter screen and which cleans that filter screen by periodically modulating the negative air
pressure to allow the liquid stream to wash any contaminants from the surface of the filter
screen. The Negative Pressure Filtration Apparatus, Method, and System invention comprises
a liquid pump; a box; a frame disposed within the box; a screen comprising small holes that is
attached to the frame with seals around and under the screen to prevent air and liquid from
moving around the side of the frame; a vent hole in the box behind the screen for removing
air behind the screen; an air suction unit connected to the vent hole; an air flow regulator; a
drain hole in the box behind the screen for removing liquid from behind the screen, which
connects to a drain pipe; a small chamber, which connect to the drain pipe; and a receptacle
for collecting contaminants. In the small chamber are tubes, which protrude up from the
bottom of the small chamber and surround the drain pipes and which are always filled with
liquid. As liquid flows down the drain pipe it then must flow over the top of the tubes to
drain out of the small chamber, thereby preventing air from entering the area behind the
screen from the drain pipe. The frame is set at an angle anywhere from 45 degrees to 90
degrees (ideal it is around 60-63 degrees), but may also be positioned horizontally. The
screen comprises stainless steel, nylon, polyester, composite, cloth, or other like material, and
may or may not be stretched over the frame. The hole size in the screen can vary from as low
as 5 microns to as much as 1 centimeter, but in most cases the screen size will be under 250
microns. The air suction unit comprises a vacuum pump or a motor/fan unit and can be
located in the building, or outside the building depending on the customer preference. The air
flow regulator may use a negative pressure controller or can be done manually with valves.
The automatic system uses a variable speed motor on the air suction unit that adjusts to meet
the required flow and negative pressure. During operation, the liquid pump passes

contaminated liquid over the screen and, using the vacuum pump, air is removed from behind
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the screen to create a negative pressure behind the screen. This negative pressure breaks or
weakens the surface tension of the liquid being treated and allows the liquid to easily pass
through the screen leaving any material larger than the screen openings on the surface of the
screen. As solids build on the screen, the negative air pressure is decreased so that a small
amount of liquid runs down the face of the screen, thereby pushing all the solids to the
bottom face of the screen and eventually into the receptacle. As the negative pressure is
increased the liquid again flows through the screen. The liquid being treated is directed at the
screen in a stream or streams with a specific velocity and at a specific angle in order to
prevent splash-back and allow multiple streams to be directed onto one screen, which gives a
higher flow rate. The more streams that are directed at the screen, the lower the negative air
pressure that is required because more of the screen is covered in liquid; however, too much
liquid will block the screen because the air flow is reduced too much, so air must always flow
through the unused parts of the screen in order to help the liquid pass through the screen. In
some embodiments, a gas other than air could be used and re-circulated through the screen, in
order to separate solids from a liquid that should not or cannot come in contact with air. All
solid are collected in the receptacle located at the front bottom of the screen unit, which may
further comprise wheels for ease of movement. The screen unit can be mounted directly to
the receptacle or sit on its own frame elevated off the ground so the receptacle can be rolled
under the screen discharge area. In more detail, the Negative Pressure Filtration Apparatus is
an apparatus for filtering contaminated liquid, said contaminated liquid comprising liquid and
contaminants, said apparatus comprising: a box; said box comprising: a frame disposed
within said box, said frame dividing said box into a negative air pressure region and an
atmospheric air pressure region; a screen, said screen being sealably attached to said frame
between said negative air pressure region and said atmospheric air pressure region in such a
manner to prevent air and liquid from moving between said frame and said screen, said
screen comprising: a surface, and small holes, said small holes being smaller than said
contaminants; a vent hole, said vent hole being disposed in said negative air pressure region;
a drain hole, said drain hole being disposed in said negative pressure region; one or more
inlet pipes; a drain pipe, said drain pipe being connected to said drain hole; and a small
chamber, which receives said drain pipe, said small chamber comprising: an airlock and a
chamber drain pipe; and a liquid pump, said liquid pump depending from said one or more
inlet pipes; an air suction unit, said air suction unit being connected to said vent hole; an air
flow regulator, said air flow regulator being capable of modulating air flow through said vent

hole; and a receptacle; whereby said liquid pump forces a liquid stream of said contaminated
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liquid through said one or more inlet pipes and onto said surface of said screen in said
atmospheric air pressure region; whereby said air suction unit removes air from said negative
air pressure region thereby creating negative air pressure in said negative air pressure region;
whereby said negative air pressure draws said liquid through said screen while depositing
said contaminants on said surface of said screen, whereby said screen is washed of said
contaminants by using said air flow regulator to periodically modulate said negative air
pressure to allow said liquid stream to wash said contaminants from said surface of said
screen; whereby said contaminants are collected in said receptacle; and whereby
uncontaminated said liquid is collected in said small chamber and flows out of said chamber
drain pipe. Some versions of the Negative Pressure Filtration Apparatus comprise an air flow
regulator that is operated manually, while other versions comprise an air flow regulator that is
operated automatically. In other versions the air flow regulator comprises a knife gate.
Additionally, other versions have one or more inlet pipes, which further comprise an actuator,
whereby the surface of the screen is washed of contaminants by moving one or more inlet
pipes across the surface of the screen using the actuator. Further, other versions of the
apparatus have an air suction unit, which further comprises a variable speed motor for
adjusting air flow and vacuum pressure. Moreover, other versions comprise a sound-proof
exterior to reduce the noise produced by the apparatus during operation. Further still in more
detail, the Negative Pressure Filtration Method is a method for filtering contaminated liquid,
said contaminated liquid comprising liquid and contaminants, said method

comprising: providing a box; said box comprising: a frame disposed within said box, said
frame dividing said box into a negative air pressure region and an atmospheric air pressure
region; a screen, said screen being sealably attached to said frame between said negative air
pressure region and said atmospheric air pressure region in such a manner to prevent air and
liquid from moving between said frame and said screen, said screen comprising: a surface,
and small holes, said small holes being smaller than said contaminants; a vent hole, said vent
hole being disposed in said negative air pressure region; a drain hole, said drain hole being
disposed in said negative pressure region; one or more inlet pipes; a drain pipe, said drain
pipe being connected to said drain hole; and a small chamber, which receives said drain pipe,
said small chamber comprising: an airlock and a chamber drain pipe; and providing a liquid
pump, said liquid pump depending from said one or more inlet pipes; providing an air
suction unit, said air suction unit being connected to said vent hole; providing an air flow
regulator, said air flow regulator being capable of modulating air flow through said vent

hole; providing a receptacle; forcing a liquid stream of said contaminated liquid through said
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one or more inlet pipes and onto said surface of said screen in said atmospheric air pressure
region using said liquid pump; removing air from said negative air pressure region, thereby
creating negative air pressure in said negative air pressure region, using said air suction

unit; using said negative air pressure to draw said liquid through said screen while depositing
said contaminants on said surface of said screen; washing said contaminants from said
surface of screen by using said air flow regulator to periodically modulate said negative air
pressure to allow said liquid stream to wash said contaminants from said surface of said
screen; collecting said contaminants in said receptacle; collecting uncontaminated said
liquid in said small chamber; and flowing uncontaminated said liquid out of said chamber
drain pipe. Some versions of the Negative Pressure Filtration Method comprise an air flow
regulator that is operated manually, while other versions comprise an air flow regulator that is
operated automatically. In other versions the air flow regulator comprises a knife gate.
Additionally, other versions of the method have one or more inlet pipes, which further
comprise an actuator, and further comprise washing said contaminants from the surface of the
screen by moving the one or more inlet pipes across the surface of the screen using the
actuator. Further, other versions of the method have an air suction unit, which further
comprises a variable speed motor for adjusting air flow and vacuum pressure. Moreover,
other versions comprise a sound-proof exterior to reduce the noise produced by the method
during operation. Still further in more detail, the Negative Pressure Filtration System, is a
system for filtering contaminated liquid, said contaminated liquid comprising liquid and
contaminants, said system comprising: a box; said box comprising: a frame disposed within
said box, said frame dividing said box into a negative air pressure region and an atmospheric
air pressure region; a screen, said screen being sealably attached to said frame between said
negative air pressure region and said atmospheric air pressure region in such a manner to
prevent air and liquid from moving between said frame and said screen, said screen
comprising: a surface, and small holes, said small holes being smaller than said
contaminants; a vent hole, said vent hole being disposed in said negative air pressure
region; a drain hole, said drain hole being disposed in said negative pressure region; one or
more inlet pipes; a drain pipe, said drain pipe being connected to said drain hole; and a small
chamber, which receives said drain pipe, said small chamber comprising: an airlock and a
chamber drain pipe; and a liquid pump unit, said liquid pump unit depending from said one
or more inlet pipes; an air suction unit, said air suction unit being connected to said vent
hole; an air flow regulator unit, said air flow regulator unit being capable of modulating air

flow through said vent hole; and a receptacle unit; whereby said liquid pump unit forces a
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liquid stream of said contaminated liquid through said one or more inlet pipes and onto said
surface of said screen in said atmospheric air pressure region; whereby said air suction unit
removes air from said negative air pressure region thereby creating negative air pressure in
said negative air pressure region; whereby said negative air pressure draws said liquid
through said screen while depositing said contaminants on said surface of said

screen, whereby said screen is washed of said contaminants by using said air flow regulator
unit to periodically modulate said negative air pressure to allow said liquid stream to wash
said contaminants from said surface of said screen; whereby said contaminants are collected
in said receptacle unit; and whereby uncontaminated said liquid is collected in said small
chamber and flows out of said chamber drain pipe. The system comprises a set of separate
units, which act together in a similar manner as the apparatus. Some versions of the Negative
Pressure Filtration System comprise an air flow regulator that is operated manually, while
other versions comprise an air flow regulator that is operated automatically. In other versions
the air flow regulator comprises a knife gate. Additionally, other versions have one or more
inlet pipes, which further comprise an actuator, whereby the surface of the screen is washed
of contaminants by moving one or more inlet pipes across the surface of the screen using the
actuator. Further, other versions of the system have an air suction unit, which further
comprises a variable speed motor for adjusting air flow and vacuum pressure. Moreover,
other versions comprise a sound-proof exterior to reduce the noise produced by the system

during operation.

[0013] In the more preferred embodiments, the present invention relates to an apparatus, as
described above, which uses a manual slide gate to release the negative pressure in order to

clean off the filter when contaminants build up.

[0014] In the most preferred embodiments, the present invention relates to an apparatus, as
described above, which also includes an automated knife gate that uses a timer to periodically
release the negative pressure in order to clean off the filter at regular intervals. The automated

knife gate also has a switch to allow for the negative pressure to be released on demand.

[0015] Accordingly, a Negative Pressure Filtration Method comprises drawing a fluid
through a screen filter using a vacuum and periodically releasing the vacuum to wash filtered
material from the screen. Similarly, a Negative Pressure Filtration System comprises the

above apparatus and a fluid pump, a vacuum pump, unfiltered fluid supply sources, filtered
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fluid collection chambers, contaminant collection chambers, solid collection chambers, and
connecting conduits, pipes, and hoses, or the like. In sum, the Negative Pressure Filtration
Apparatus, Method, and System invention provides a relatively inexpensive and efficient
solution for filtering contaminated liquid.

BRIEF DESCRIPTION OF THE DRAWING

[0016] Tlustrative and preferred embodiments of the present invention are shown in the

accompanying drawings in which:

[0017] Fig. 1is a front perspective view of the most preferred embodiment of an apparatus

of the present invention;

[0018] Fig. 2 is a rear perspective view of an apparatus of Fig. 1;

[0019] Fig. 3 is a front view of an apparatus of Fig. 1;

[0020] Fig. 4 is a rear view of an apparatus of Fig. 1;

[0021] Fig. 5 is a right side view of an apparatus of Fig. 1;

[0022] Fig. 6is aleft side view of an apparatus of Fig. 1;

[0023] Fig. 7 is a top view of an apparatus of Fig. 1;

[0024] Fig. 8 is a bottom view of an apparatus of Fig. 1;

[0025] Fig. 9 is a rear perspective view of an apparatus of Fig. 1 showing the interior of a

knife gate module;

[0026] Fig. 10 is a left side view of an apparatus of Fig. 1 with the left side panel removed

to show the interior of the apparatus;
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[0027] Fig. 11 is a top view of an apparatus of Fig. 1 with the top panel removed to

illustrate the interior of the apparatus;

[0028] Fig. 12 is a left side view of an apparatus of Fig. 1 using a curved filter with the left

side panel removed in order to display the interior of the apparatus;

[0029] Fig. 13 is a left side perspective view of an apparatus of Fig. 1 using a reinforced

filter with the left side panel removed in order to exhibit the interior of the apparatus;

[0030] Fig. 14 is a left side perspective view of an apparatus of Fig. 1 using a curved filter

with the left side panel removed in order to exhibit the interior of the apparatus;

[0031] Fig. 15 is a front perspective view of another preferred embodiment of an apparatus

of the present invention;

[0032] Fig. 16is a rear perspective view of an apparatus of Fig. 15;

[0033] Fig. 17 is a front view of an apparatus of Fig. 15;

[0034] Fig. 18 is a rear view of an apparatus of Fig. 15;

[0035] Fig. 19 is a right side view of an apparatus of Fig. 15;

[0036] Fig. 20 is a left side view of an apparatus of Fig. 15;

[0037] Fig. 21 is a top view of an apparatus of Fig. 15;

[0038] Fig. 22 is a bottom view of an apparatus of Fig. 15;

[0039] Fig. 23 is a left side view of an apparatus of Fig. 15 with the left side panel removed

to show the interior of the apparatus; and

[0040] Fig. 24 is a top view of an apparatus of Fig. 15 with the top panel removed to

illustrate the interior of the apparatus.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0041] For the purpose of illustration, the present invention is shown in the most preferred
embodiment of a negative pressure filtration apparatus, which uses an automated knife gate.
Additionally, for the purpose of illustration, the present invention is shown in another

preferred embodiment of a negative pressure filtration apparatus, which uses a manual knife

gate. These embodiments are not intended to limit the scope of the present invention.

[0042] Referring now to the most preferred embodiment of the invention, in Fig. 1, Fig. 2,
Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. §, Fig. 9, Fig. 10, Fig. 11, Fig. 12, Fig. 13, and Fig.
14, a Negative Pressure Filtration Apparatus 100 is shown. Fig. 1 illustrates a front
perspective view of a Negative Pressure Filtration Apparatus 100. Fig. 2 depicts a rear
perspective view of an apparatus of a Negative Pressure Filtration Apparatus 100. Fig. 3
shows a front view of an apparatus of a Negative Pressure Filtration Apparatus 100. Fig. 4
displays a rear view of an apparatus of a Negative Pressure Filtration Apparatus 100. Fig. 5
shows a right side view of an apparatus of a Negative Pressure Filtration Apparatus 100. Fig.
6 depicts a left side view of an apparatus of a Negative Pressure Filtration Apparatus 100.
Fig. 7 illustrates a top view of an apparatus of a Negative Pressure Filtration Apparatus 100.
Fig. 8§ demonstrates a bottom view of an apparatus of a Negative Pressure Filtration
Apparatus 100. Fig. 9 shows a rear perspective view of a Negative Pressure Filtration
Apparatus 100 showing the interior of a knife gate module 160. Fig. 10 displays a left side
view of a Negative Pressure Filtration Apparatus 100 with the left side panel 113 removed to
show the interior of the apparatus. Fig. 11 depicts a top view of a Negative Pressure Filtration
Apparatus 100 with the top panel 111 removed to illustrate the interior of the apparatus. Fig.
12 shows a left side view of a Negative Pressure Filtration Apparatus 100 using a curved
filter 170b with the left side panel 113 removed in order to display the interior of the
apparatus. Fig. 13 illustrates a left side perspective view of a Negative Pressure Filtration
Apparatus 100 using a reinforced filter frame 170c with the left side panel 113 removed in
order to exhibit the interior of the apparatus. Fig. 14 depicts a left side perspective view of a
Negative Pressure Filtration Apparatus 100 using a curved filter 170b with the left side panel

113 removed in order to exhibit the interior of the apparatus.

10
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[0043] Referring still to the most preferred embodiment of the invention, in Fig. 1, Fig. 2,
Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. §, Fig. 9, Fig. 10, Fig. 11, Fig. 12, Fig. 13, and Fig.
14, a Negative Pressure Filtration Apparatus 100 comprises an upper chamber 110 for
receiving unfiltered fluid, which attaches to a fluid pump; an automated knife gate module
160, which depends from the upper chamber 110 and attaches to a vacuum pump; and a
lower chamber 120 for receiving filtered fluid, which attaches to the upper chamber 110. The
upper chamber 110 comprises a front panel 112, a rear panel 115, a right side panel 114, a
left side panel 113, a top panel 111, and a bottom panel 116, which combine to form an
enclosed box-like structure. The front panel 112 comprises one or more inlet pipes 130,
which connect to a fluid pump for delivering unfiltered fluid to the apparatus; and a clean out
access door 117 with a handle 152 for cleaning any buildup of contaminant within the upper
chamber 110. The rear panel 115 comprises an upper vent 133 for exposing a portion of the
interior of the upper chamber 110 to atmospheric pressure and a baffled vent hole 132, which
attaches to the automated knife gate module 160. The right side panel 114 comprises a
pressure meter 135, which measures and indicates pressure differentials within the upper
chamber 110, and upper latches 151 for securing the top panel 111 to the right side panel 114.
The left side panel 113 comprises upper latches 151 for securing the top panel 111 to the left
side panel 113. The bottom panel 116 comprises a clean out opening 119, which allows
filtered contaminant to be directed into a receptacle for disposal. The upper chamber 110
further comprises a frame 170a 170b 170c disposed within the upper chamber 110 with a
screen 175a 175b 175¢ comprising small holes that is attached to the frame 170a 170b 170c
with seals 134a 134b 134¢ 136a 136b 136¢ 137a 137b 137¢ around and under the screen
175a 175b 175c¢ to prevent air and liquid from moving around the side of the frame 170a
170b 170c. The frame 170a 170b 170c may be set at an angle anywhere from 45 degrees to
90 degrees (ideally around 60-63 degrees), but may also be positioned horizontally. The
screen 175a 175b 175¢ comprises stainless steel, nylon, polyester, composite, cloth, silk, or
other like material, and may or may not be stretched over the frame 170a 170b 170c. The
hole size in the screen 175a 175b 175¢ can vary from as low as 5 microns to as much as 1
centimeter, but in most cases the screen size will be under 250 microns. The automated knife
gate module 160 depends from the baffled vent hole 132 of the rear panel 115 of the upper
chamber 110 and comprises a knife gate assembly 168; a high-speed actuator 167, a timer
switch 166, a vacuum pipe 165 that attached to a vacuum pump, a right side pipe 164 with a
right slide gate 161, and a left side pipe 163 with a left slide gate 162, which are used to

regulate air flow. The lower chamber 120 depends from the bottom panel 116 of the upper

11
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chamber 110 and comprises a lower front panel 122; a lower rear panel 125; a lower right
side panel 124; a lower left side panel 123; a lower bottom panel 126; an upper chamber
drain pipe 142, which depends from the bottom panel 116 of the upper chamber 110; a lower
chamber drain pipe 140 for delivering filtered fluid, which depends from the lower right side
panel 124; and a wheel assembly 128, which depends from the lower bottom panel 126 of the
lower chamber 120 and which allows the apparatus to be easily moved. During operation, the
fluid pump passes contaminated liquid through the inlet pipes 130 and over the screen 175a
175b 175c¢. Before starting the vacuum pump, the contaminated liquid flows across the
surface of the screen 175a 175b 175¢, without penetrating it, due to its surface tension and
the small size of the holes in the screen 175a 175b 175¢. When the vacuum pump starts, air is
drawn through the automated knife gate module 160 and baffled vent 132 and removed from
behind the sealed screen 175a 175b 175¢ in the upper chamber 110 to create negative air
pressure behind the screen 175a 175b 175¢ in a negative pressure zone 190. This air negative
pressure breaks or weakens the surface tension of the contaminated liquid being treated and
allows the liquid to easily pass through the screen 175a 175b 175¢ leaving any material larger
than the screen openings on the surface of the screen 175a 175b 175¢. As solids build up on
the screen 175a 175b 175c¢, a purging cycle is initiated in which the negative air pressure is
rapidly released using the automated knife gate module 160, creating a hammer-like effect
that allows liquid to run down the face of the screen 175a 175b 175¢, thereby washing the
collected solids on the surface of the screen 175a 175b 175c¢ off of the screen 175a 175b
175¢, through the clean out opening 119 and into a collection receptacle. The timer switch
166 controls the high-speed actuator 167, which in turn activates the knife gate assembly 168,
and allowing this washing effect to be manually initiated with a switch or periodically
activated using a timer. After the screen 175a 175b 175c¢ is washed, the automated knife gate
module 160 allows the negative pressure to increase and liquid again flows through the
screen 175a 175b 175¢. The liquid being treated is directed at the screen 175a 175b 175¢c in a
stream or streams with a specific velocity and at a specific angle in order to prevent splash-
back and allow multiple streams to be directed onto one screen 175a 175b 175¢, which gives
a higher flow rate for more efficient fluid treatment. The more streams that are directed at the
screen, the lower the negative air pressure that is required because more of the screen 175a
175b 175c¢ is covered in liquid; however, too much liquid will block the screen 175a 175b
175¢ because the air flow is reduced too much, so air must always flow through the unused
parts of the screen 175a 175b 175¢ in order to help the liquid pass through the screen 175a

175b 175c¢. All solid are collected in a collection receptacle placed below the clean out

12

Date Regue/Date Received 2022-04-08



PCT International Patent Application Williams, et al.

opening 119, which may further comprise wheels for ease of movement. Filtered and cleaned
fluid passes from the negative pressure zone 190 into the lower chamber 120 through the

upper chamber drain pipe 142 and is collected from the lower chamber drain pipe 140.

[0044] In further detail, referring still to the most preferred embodiment of the invention in
Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig. 12, Fig.
13, and Fig. 14, in Fig. 12, Fig. 13, and Fig. 14, a Negative Pressure Filtration Apparatus 100
is shown using alternate frames 170b 170c and alternate screens 175b 175c. Fig. 12 and 14
depict a frame 170b with screen 175b, which are curved to better facilitate the removal of
contaminants from the surface of the screen 175b when the negative pressure is reduced
during a purging cycle. The curve of the frame 170b and screen 175b allow any solid
contaminants, which build up on the surface of the screen 175b during the filtration process,
to be pulled down the screen 175b by their own weight and be more easily removed from the
screen 175b while being washed during a purging cycle. Fig. 13 illustrates an alternate frame
170c and alternate screen 175¢, which is reinforced with a reinforcement grid 177 in order to
support the screen 175¢ under heavier contaminants or higher fluid flows and prevent
deformation of the screen 175c. A reinforcement grid 177 also allows for finer screens 175¢
to be used in application which would damage the screen 175¢ in absence of reinforcement.
A reinforcement grid 177 may also be used with a curved frame 170b and curved screen
175b. These alternate filters allow for flexibility depending on the type of contaminant being

removed from a fluid and its physical properties.

[0045] The construction details of the invention as shown in Fig. 1, Fig. 2, Fig. 3, Fig. 4,
Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig. 12, Fig. 13, and Fig. 14, are as
follows. The front panel 112, rear panel 115, right side panel 114, left side panel 113, top
panel 111, and bottom panel 116, of the upper chamber 110 comprises plastic, PVC, vinyl,
fiberglass, metal, steel, aluminum, metal alloy, wood, ceramic, composite material,
soundproofing material, ultra-high-density industrial soundproofing and thermal insulation,
rock wool, or the like. The fluid pump comprises a standard liquid pump, fluid pump, water
pump, sump pump, or the like. The knife gate assembly 168 of the automated knife gate
module 160 comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite
material, or the like. The high-speed actuator 167 of the automated knife gate module 160
comprises a standard high-speed actuator, fast-acting valve, slide gate, mini butterfly valve,

any valve that creates a hammer effect (air-hammer converted to water-hammer), or the like.
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The timer switch 166 of the automated knife gate module 160 comprises a standard timer
with an integrated switch, or the like. The vacuum pipe 165 of the automated knife gate
module 160 comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite
material, or the like. The right side pipe 164 and left side pipe 163 of the automated knife
gate module 160 comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy,
composite material, or the like. The right slide gate 161 and left slide gate 162 of the
automated knife gate module 160 comprises standard slide gates. The vacuum pump
comprises a standard vacuum pump, air compressor, fan, air pump, or the like. The inlet
pipes 130 comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite
material, or the like. The access door 117 comprises plastic, PVC, vinyl, fiberglass, metal,
steel, aluminum, metal alloy, wood, ceramic, composite material, or the like. The handle 152
comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite material, or the
like. The baffled vent hole 132 comprises an opening with a baffle door, which comprises
plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite material, or the like. The
pressure meter 135 comprises fluid-filled tubing, which connects to the negative pressure
zone 190 and to atmospheric pressure, and comprises plastic, PVC, vinyl, metal, steel, glass,
aluminum, metal alloy, composite material, or the like. The upper latches 151 comprises
plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite material, or the like. The
frames 170a 170b 170c comprise plastic, PVC, vinyl, fiberglass, metal, steel, aluminum,
metal alloy, wood, ceramic, composite material, or the like. The screens 175a 175b 175¢ may
be flat or slightly curved and comprise small holes, which vary in size from as low as 5
microns to as much as 1 centimeter, but in most cases the screen size will be under 250
microns, and comprise stainless steel, nylon, polyester, composite, cloth, silk, plastic,
polyethylene, polypropylene, nylon, Dacron, aluminum, hybrid metals, or whatever metal is
compatible with the liquid being treated, or other like material, and may or may not be
stretched over the frame 170a 170b 170c. Some of the plastic screen material may be treated
to enhance their performance, such as with anti-stick coatings, UV protection, and/or plasma
treatment on the screen surface to make it hydrophilic (Saati HR treated material). The size of
the open surface area of the screen 175a 175b 175c¢ is relevant to the amount of vacuum being
used and the micron rating or hole size in the screen 175a 175b 175¢c. For example, to achieve
the required negative pressure in inches of water, a screen 175a 175b 175¢ with larger holes
of 70 microns will need more vacuum than a screen with a hole size of 45 microns. A
reinforcement grid 177 or backer may also be used behind the screen 175a 175b 175¢ to

prevent sagging, bowing and tearing and may also be used on screens 175a 175b 175c¢ in high
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vacuum and may comprise a grid-type frame with large evenly spaced holes, which will
support the screen evenly and allow liquid to pass unobstructed. These backers should also be
compatible with the liquid being treated and smooth or polished to prevent damage to the
underside of the screen175a 175b 175¢. The seals 134a 134b 134c 136a 136b 136¢ 137a
137b 137¢ comprise and air-tight and water-tight material, such as plastic, PVC, vinyl,
fiberglass, rubber, metal, steel, aluminum, metal alloy, ceramic, composite material, or the
like. The lower front panel 122, lower rear panel 125, lower right side panel 124, lower left
side panel 123, and lower bottom panel 126, of the lower chamber 120 comprise plastic,
PVC, vinyl, fiberglass, metal, steel, aluminum, metal alloy, wood, ceramic, composite
material, soundproofing material, ultra-high-density industrial soundproofing and thermal
insulation, rock wool, or the like. The drain pipe 142 comprises plastic, PVC, vinyl, metal,
steel, aluminum, metal alloy, composite material, or the like. The lower chamber drain pipe
140 comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite material,
or the like. The wheel assembly 128 comprises a standard wheel with an attachment bracket
and comprises plastic, metal, steel, aluminum, metal alloy, composite material, or the like.
The materials listed herein are examples only and not intended to limit the scope of the

present invention.

[0046] Referring now to another preferred embodiment of the present invention, in Fig. 15,
Fig. 16, Fig. 17, Fig. 18, Fig. 19, Fig. 20, Fig. 21, Fig. 22, Fig. 23, and Fig. 24, a Manual
Negative Pressure Filtration Apparatus 200 is shown. Fig. 15 illustrates a front perspective
view of a Manual Negative Pressure Filtration Apparatus 200. Fig. 16 depicts a rear
perspective view of a Manual Negative Pressure Filtration Apparatus 200. Fig. 17 displays a
front view of a Manual Negative Pressure Filtration Apparatus 200. Fig. 18 shows a rear view
of a Manual Negative Pressure Filtration Apparatus 200. Fig. 19 demonstrates a right side
view of a Manual Negative Pressure Filtration Apparatus 200. Fig. 20 exhibits a left side
view of a Manual Negative Pressure Filtration Apparatus 200. Fig. 21 illustrates a top view of
a Manual Negative Pressure Filtration Apparatus 200. Fig. 22 shows a bottom view of a
Manual Negative Pressure Filtration Apparatus 200. Fig. 23 depicts a left side view of a
Manual Negative Pressure Filtration Apparatus 200 with the manual left side panel 213
removed to show the interior of the apparatus. Fig. 24 displays a top view of a Manual
Negative Pressure Filtration Apparatus 200 with the manual top panel 211 removed to

illustrate the interior of the apparatus.
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[0047] Referring still to the preferred embodiment of the invention in Fig. 15, Fig. 16, Fig.
17, Fig. 18, Fig. 19, Fig. 20, Fig. 21, Fig. 22, Fig. 23, and Fig. 24, a Manual Negative
Pressure Filtration Apparatus 200 comprises a manual upper chamber 210 for receiving
unfiltered fluid, which attaches to a fluid pump; a manual adjustment valve 269, which
depends from the manual upper chamber 210 and attaches to a vacuum pump through a
manual vacuum pipe 265; vent pipe 268, which depends from the manual vacuum pipe 265; a
manual slide gate 267, which depends from the vent pipe 268; and a manual lower chamber
220 for receiving filtered fluid, which attaches to the manual upper chamber 210. The manual
upper chamber 210 comprises a manual front panel 212, a manual rear panel 215, a manual
right side panel 214 , a manual left side panel 213, a manual top panel 211, and a manual
bottom panel 216, which combine to form an enclosed box-like structure. The manual front
panel 212 comprises one or more manual inlet pipes 230, which connect to a fluid pump for
delivering unfiltered fluid to the apparatus; and a manual clean out access door 217 with a
manual handle 252 for cleaning any buildup of contaminant within the manual upper
chamber 210. The manual rear panel 215 comprises a manual upper vent 233 for exposing a
portion of the interior of the manual upper chamber 210 to atmospheric pressure and a
manual baffled vent hole 232, which attaches to the manual adjustment valve 269. The
manual right side panel 214 comprises a manual pressure meter 235, which measures and
indicates pressure differentials within the manual upper chamber 210, and manual upper
latches 251 for securing the manual top panel 211 to the manual right side panel 214. The
manual left side panel 213 comprises manual upper latches 251 for securing the manual top
panel 211 to the manual left side panel 213. The manual bottom panel 216 comprises a
manual clean out opening 219, which allows filtered contaminant to be directed into a
receptacle for disposal. The manual upper chamber 210 further comprises a manual frame
270 disposed within the manual upper chamber 210 with a manual screen 275 comprising
small holes that is attached to the manual frame 270 with manual seals 234 236 237 around
and under the manual screen 275 to prevent air and liquid from moving around the side of the
manual frame 270. The manual frame 270 may be set at an angle anywhere from 45 degrees
to 90 degrees (ideally around 60-63 degrees), but may also be positioned horizontally. The
manual screen 275 comprises stainless steel, nylon, polyester, composite, cloth, silk, or other
like material, and may or may not be stretched over the manual frame 270. The hole size in
the manual screen 275 can vary from as low as 5 microns to as much as 1 centimeter, but in
most cases the screen size will be under 250 microns. (Accordingly, curved and reinforced

frames and screens, as shown in Fig. 12, 13, and 14 may also be used with the Manual
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Negative Pressure Filtration Apparatus 200.) The manual lower chamber 220 depends from
the manual bottom panel 216 of the manual upper chamber 210 and comprises a manual
lower front panel 222; a manual lower rear panel 225; a manual lower right side panel 224; a
manual lower left side panel 223; a manual lower bottom panel 226; an manual upper
chamber drain pipe 242, which depends from the manual bottom panel 216 of the manual
upper chamber 210; a manual lower chamber drain pipe 240 for delivering filtered fluid,
which depends from the manual lower right side panel 224; and a manual wheel assembly
228, which depends from the manual lower bottom panel 226 of the manual lower chamber
220 and which allows the apparatus to be easily moved. During operation, the fluid pump
passes contaminated liquid through the manual inlet pipes 230 and over the manual screen
275. Before starting the vacuum pump, the contaminated liquid flows across the surface of
the manual screen 275, without penetrating it, due to its surface tension and the small size of
the holes in the manual screen 275. When the vacuum pump starts, air is drawn through the
manual vacuum pipe 265 and manual baffled vent 232 and removed from behind the sealed
screen 275 in the manual upper chamber 210 to create negative air pressure behind the
manual screen 275 in a manual negative pressure zone 290. The manual adjustment valve 269
is used to adjust the negative air pressure. This air negative pressure breaks or weakens the
surface tension of the contaminated liquid being treated and allows the liquid to easily pass
through the manual screen 275 leaving any material larger than the screen openings on the
surface of the screen 275. As solids build up on the manual screen 275, a manual purging
cycle is initiated in which the negative air pressure is released using the manual slide gate
267, which depends from the vent pipe 268, creating a hammer-like effect that allows liquid
to run down the face of the manual screen 275, thereby washing the collected solids on the
surface of the manual screen 275 off of the manual screen 275, through the manual clean out
opening 219 and into a collection receptacle. After the manual screen 275 is washed, the
manual slide gate 267 is closed allowing the negative pressure to increase and liquid again
flows through the manual screen 275. The liquid being treated is directed at the manual
screen 275 in a stream or streams with a specific velocity and at a specific angle in order to
prevent splash-back and allow multiple streams to be directed onto one manual screen 275,
which gives a higher flow rate for more efficient fluid treatment. The more streams that are
directed at the manual screen 275, the lower the negative air pressure that is required because
more of the manual screen 275 is covered in liquid; however, too much liquid will block the
manual screen 275 because the air flow is reduced too much, so air must always flow through

the unused parts of the manual screen 275 in order to help the liquid pass through the manual
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screen 275. All solid are collected in a collection receptacle placed below the manual clean
out opening 219, which may further comprise wheels for ease of movement. Filtered and
cleaned fluid passes from the manual negative pressure zone 290 into the manual lower
chamber 220 through the manual upper chamber drain pipe 242 and is collected from the

manual lower chamber drain pipe 240.

[0048] The construction details of the invention as shown in Fig. 15, Fig. 16, Fig. 17, Fig.
18, Fig. 19, Fig. 20, Fig. 21, Fig. 22, Fig. 23, and Fig. 24, are as follows. The manual front
panel 212, manual rear panel 215, manual right side panel 214, manual left side panel 213,
manual top panel 211, and manual bottom panel 216, of the manual upper chamber 210
comprises plastic, PVC, vinyl, fiberglass, metal, steel, aluminum, metal alloy, wood, ceramic,
composite material, soundproofing material, ultra-high-density industrial soundproofing and
thermal insulation, rock wool, or the like. The fluid pump comprises a standard liquid pump,
fluid pump, water pump, sump pump, or the like. The manual adjustment valve 269
comprises a standard valve and comprises plastic, PVC, vinyl, metal, steel, aluminum, metal
alloy, composite material, or the like. The manual vacuum pipe 265 comprises plastic, PVC,
vinyl, metal, steel, aluminum, metal alloy, composite material, or the like. The vent pipe 268
comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite material, or the
like. The manual slide gate 267 comprises a standard slide gate, fast-acting valve, mini
butterfly valve, any valve that creates a hammer effect (air-hammer converted to water-
hammer), or the like. The vacuum pump comprises a standard vacuum pump, air
compressor, fan, air pump, or the like. The manual inlet pipes 230 comprises plastic, PVC,
vinyl, metal, steel, aluminum, metal alloy, composite material, or the like. The manual access
door 217 comprises plastic, PVC, vinyl, fiberglass, metal, steel, aluminum, metal alloy,
wood, ceramic, composite material, or the like. The manual handle 252 comprises plastic,
PVC, vinyl, metal, steel, aluminum, metal alloy, composite material, or the like. The manual
baffled vent hole 232 comprises an opening with a baffle door, which comprises plastic,
PVC, vinyl, metal, steel, aluminum, metal alloy, composite material, or the like. The manual
pressure meter 235 comprises fluid-filled tubing, which connects to the manual negative
pressure zone 290 and to atmospheric pressure, and comprises plastic, PVC, vinyl, metal,
steel, glass, aluminum, metal alloy, composite material, or the like. The manual upper latches
251 comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy, composite material,
or the like. The manual frame 270 comprises plastic, PVC, vinyl, fiberglass, metal, steel,

aluminum, metal alloy, wood, ceramic, composite material, or the like. The manual screen
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275 may be flat or slightly curved and comprises small holes, which vary in size from as low
as 5 microns to as much as 1 centimeter, but in most cases the screen size will be under 250
microns, and comprise stainless steel, nylon, polyester, composite, cloth, silk, plastic,
polyethylene, polypropylene, nylon, Dacron, aluminum, hybrid metals, or whatever metal is
compatible with the liquid being treated, or other like material, and may or may not be
stretched over the manual frame 270. Some of the plastic screen material may be treated to
enhance their performance, such as with anti-stick coatings, UV protection, and/or plasma
treatment on the screen surface to make it hydrophilic (Saati HR treated material). The size of
the open surface area of the manual screen 275 is relevant to the amount of vacuum being
used and the micron rating or hole size in the manual screen 275. For example, to achieve the
required negative pressure in inches of water, a manual screen 275 with larger holes of 70
microns will need more vacuum than a screen with a hole size of 45 microns. A
reinforcement grid or backer may also be used behind the manual screen 275 to prevent
sagging, bowing and tearing and may also be used on a manual screen 275 used in high
vacuum and may comprise a grid-type frame with large evenly spaced holes, which will
support the screen evenly and allow liquid to pass unobstructed. These backers should also be
compatible with the liquid being treated and smooth or polished to prevent damage to the
underside of the manual screen 275. The manual seals 134 136 137 comprise and air-tight
and water-tight material, such as plastic, PVC, vinyl, fiberglass, rubber, metal, steel,
aluminum, metal alloy, ceramic, composite material, or the like. The manual lower front
panel 222, manual lower rear panel 225, manual lower right side panel 224, manual lower left
side panel 223, and manual lower bottom panel 226, of the manual lower chamber 220
comprise plastic, PVC, vinyl, fiberglass, metal, steel, aluminum, metal alloy, wood, ceramic,
composite material, soundproofing material, ultra-high-density industrial soundproofing and
thermal insulation, rock wool, or the like. The manual drain pipe 242 comprises plastic, PVC,
vinyl, metal, steel, aluminum, metal alloy, composite material, or the like. The manual lower
chamber drain pipe 240 comprises plastic, PVC, vinyl, metal, steel, aluminum, metal alloy,
composite material, or the like. The manual wheel assembly 228 comprises a standard wheel
with an attachment bracket and comprises plastic, metal, steel, aluminum, metal alloy,
composite material, or the like. The materials listed herein are examples only and not

intended to limit the scope of the present invention.

[0049] The advantages of the present invention include, without limitation, that it provides

a highly efficient means rapidly filtering contaminated fluids. Further, the present invention
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allows for fluids to be cleansed using relatively inexpensive screen filters, as opposed to
expensive filters, which are required in the absence of negative air pressure. Moreover, the
present invention allows for a large volume of contaminated liquid to be rapidly filtered and
cleaned. Additionally, the present invention allows filters to be self-cleaned with minimal
interruption to the filtering process. In sum, the Negative Pressure Filtration Invention
provides convenient, efficient, and relatively inexpensive means for filtering contaminated

liquid.

[0050] In broad embodiment, the present invention relates generally to a method, system,
and apparatus, for filtering liquid, which uses negative air pressure to draw liquid stream
through a filter screen and which cleans that filter screen by periodically modulating the
negative air pressure to allow the liquid stream to wash any contaminated from the filter

screen.

[0051] While the foregoing written description of the invention enables one of ordinary
skill to make and use what is considered presently to be the best mode thereof, those of
ordinary skill will understand and appreciate the existence of variations, combinations, and
equivalents of the specific embodiment, method, and examples herein. The invention should
therefore not be limited by the above described embodiments, methods, and examples, but by

all embodiments and methods that are within the scope and spirit of the invention as claimed.
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What is claimed is:

CLAIMS

1. An apparatus for filtering contaminated liquid, said contaminated liquid comprising

liquid and solid contaminants, said apparatus comprising:

a box; said box comprising:

a frame disposed within said box, said frame dividing said box into a
negative air pressure region and an atmospheric air pressure region;
a screen, said screen being sealably attached to said frame between
said negative air pressure region and said atmospheric air pressure
region in such a manner to prevent air and liquid from moving
between said frame and said screen, said screen comprising:
a surface, and
holes;
avent hole, said vent hole being disposed in said negative air pressure
region;
a drain hole, said drain hole being disposed in said negative pressure
region;
one or more inlet pipes;
a drain pipe, said drain pipe being connected to said drain hole; and
a lower chamber, which receives said drain pipe, said lower chamber
comprising;

a chamber drain pipe; and

a liquid pump, said liquid pump depending from said one or more inlet pipes;

a vacuum pump, said vacuum pump being connected to said vent hole;

an air flow regulator, which modulates air flow through said vent hole;

a timer switch, said timer switch being capable of controlling said air flow

regulator; and

a receptacle;

whereby said liquid pump forces a liquid stream of said contaminated liquid

through said one or more inlet pipes and onto said surface of said screen in

said atmospheric air pressure region;

whereby said vacuum pump removes air from said negative air pressure region

thereby creating negative air pressure in said negative air pressure region;
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whereby said negative air pressure draws said liquid through said screen while
depositing said solid contaminants on said surface of said screen,
whereby said screen is washed of said solid contaminants by using said timer
switch to control said air flow regulator to periodically modulate said
negative air pressure to allow said liquid stream to wash said solid
contaminants from said surface of said screen;
whereby said solid contaminants are collected in said receptacle; and
whereby uncontaminated said liquid is collected in said lower chamber and
flows out of said chamber drain pipe.
2. An apparatus of Claim 1, wherein said timer switch is operated manually.
3. An apparatus of Claim 1, wherein said timer switch is operated automatically.
4. An apparatus of Claim 1, wherein said air flow regulator further comprises a knife
gate.
5. An apparatus of Claim 1, wherein said vacuum pump further comprises a variable
speed motor.
6. An apparatus of Claim 1, wherein said box further comprises a sound-proof exterior.
7. A method for filtering contaminated liquid, said contaminated liquid comprising
liquid and solid contaminants, said method comprising:
providing a box; said box comprising:
a frame disposed within said box, said frame dividing said box into a
negative air pressure region and an atmospheric air pressure region;
a screen, said screen being sealably attached to said frame between
said negative air pressure region and said atmospheric air pressure
region in such a manner to prevent air and liquid from moving
between said frame and said screen, said screen comprising:
a surface, and
holes;
a vent hole, said vent hole being disposed in said negative air pressure
region;
a drain hole, said drain hole being disposed in said negative pressure
region;
one or more inlet pipes;

a drain pipe, said drain pipe being connected to said drain hole; and
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alower chamber, which receives said drain pipe, said lower chamber
comprising:
a chamber drain pipe; and
providing a liquid pump, said liquid pump depending from said one or more
inlet pipes;
providing a vacuum pump, said vacuum pump being connected to said vent
hole;
providing an air flow regulator, which modulates air flow through said vent
hole;
providing a receptacle;
forcing a liquid stream of said contaminated liquid through said one or more
inlet pipes and onto said surface of said screen in said atmospheric air
pressure region using said liquid pump;
removing air from said negative air pressure region, thereby creating negative
air pressure in said negative air pressure region, using said vacaum pump;
using said negative air pressure to draw said liquid through said screen while
depositing said solid contaminants on said surface of said screen;
washing said solid contaminants from said surface of screen by using said air
flow regulator to periodically modulate said negative air pressure to allow
said liquid stream to wash said solid contaminants from said surface of
said screen;
collecting said solid contaminants in said receptacle;
collecting uncontaminated said liquid in said lower chamber; and
flowing uncontaminated said liquid out of said chamber drain pipe.
8. A method of Claim 7, wherein said air flow regulator is operated manually.
9. A method of Claim 7, wherein said air flow regulator is operated automatically.
10. A method of Claim 7, wherein said air flow regulator further comprises a knife gate.
11. A method of Claim 7, wherein said vacuum pump further comprises a variable speed
motor.

12. A method of Claim 8, wherein said box further comprises a sound-proof exterior.
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