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(54) Insert vaccuum pump

(57)  An multi-stage vacuum pump (10) powered by
compressed air and comprising:

* at least one central inner body (14) carrying venturi
tubes (16,18,20,22) aligned co-axially and separated by
spaces (24), said tubes varying in diameter from a small-
est tube (16) proximate to an inlet port (12) for com-
pressed air to a largest diameter tube (22) proximate to
an air outlet port (26);

* an outer housing carrying said inlet and outlet ports and
a vacuum connector port;

* divider walls (41) separating said ports;

* connecting passages between said vacuum connector
port and between said spaces;

* one-way valves (34) between each said vacuum con-
nector port and between said space between successive
tubes, to allow air to flow only from said vacuum connec-
tor port to said spaces; and

a reduced resistance inlet path for air being drawn into
the space between the venturi tubes via said one-way
valves.
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Description

[0001] The presentinvention relates to devices for the
generation of a vacuum.

More particularly, the invention provides an improved
venturi-type vacuum pump

Powered by a compressed gas, usually air, the pump
being particularly useful for medical applications.
[0002] Vacuum pumps are used in materials handling
equipment, printing machines and in various industrial
applications. Medium-large vacuum pumps are usually
driven by an electric motor. However where vacuum de-
mand is small, as in medical and other laboratories, and
compressed air is available Venturi-type vacuum pumps,
sometimes referred to as jet pumps or ejectors can be
used.

[0003] Vacuum pumps of this type have been known
for about a century, as seen for example in the steam jet
disclosed by Dambow in 1916. Pumps may be referred
to as a jet pump, charge pump, or as an ejector pump in
addition to a vacuum pump, the latter term being used in
the current specification. The pump consists of at least
one venturi tube to reduce air pressure in a closed vol-
ume. However 2-4 venturi tubes arranged in series, each
tube interconnecting two vacuum chambers allow for the
generation of an improved vacuum. The tubes progres-
sively vary in size from the largest to the smallest. The
vacuum pumps may be used for work holding, cleaning,
operating fuel cells, medical and pharmaceutical appli-
cations. Venturi type vacuum pumps have advantages
such as being explosion protected, have norotating parts
and are no more compact and weigh less than the more
commonly used motor-driven pump. For moderate vac-
uum demand these advantages often outweigh the high-
er efficiency of the electrically driven pump.

The state of the art can be assessed by reference to the
following US Patents.

The presentinventor has disclosed three previous pumps
in 4,554,956, 4,565,499 and 6,171,068.

Further designs are seen in 5,007,803 to DiVito et al.,
6,575,705 to Akiyama et al., 6,851,936 to Stimgel et al.,
6,877,960 to Presz, Jr. et al., 6,935,845 to Berner et al.
, 6,955,526 to Yamazaki et al., 7,340,892 to Trimble, and
7,438,535 to Morishima. Venturi type vacuum pumps are
also seen in US Patent applications 2004/0197196 by
Matheis et al, 2005/0089408 by Solomon,
2010/0209819 by Fukuma et al., 2010/0290925 by Tell
and a nozzle inlet in 2010/029024 by Becker et al.
[0004] With regard to multi-stage pumps, the vacuum
being generated and used is connected to the last stage
of the pump only. It has now been found that this arrange-
ment does not provide the best pump performance.
There are several difficulties with present day vacuum
pumps. Vacuum pumps are often used in pharmaceutical
laboratories where it has been found that some chemical
componentsinthe air thereof attack and distort the rubber
used in the one-way valves which are a part of venturi
vacuum pumps. The result is poor pump performance,
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eventually followed by pump failure.

Where pump valves function using a flat rubber disk
which is reasonably accessible for servicing , a replace-
ment disk can be inserted provided personnel responsi-
ble are trained to detect and rectify poor pumping per-
formance. However many pump designs, for example
US Patent 6,394,760 to Tell rely on complex shapes to
seal the one-way valves pertaining to this type of pump
and such seal elements have a short life but a high cost
of replacement.

[0005] It is therefore one of the objects of the present
invention to obviate all the disadvantages of prior art ven-
turi vacuum pumps and to provide a higher performance
pump without significant increase in complexity, fist and
servicing cost, size or weight.

[0006] The present invention achieves the above ob-
jects by providing an improved multi-stage vacuum pump
powered by compressed air, said pump comprising

* at least one central inner body carrying a plurality
of venturi tubes aligned co-axially and leaving a
space between successive tubes, said tubes varying
in diameter from the smallest tube proximate to an
inlet port for compressed air, and increasing in size
so that the largest diameter tube is proximate to an
air outlet port;

* an outer housing carrying an inlet port for com-
pressed air, an air outlet port and a vacuum connec-
tor port;

* divider walls separating said ports; and

* connecting passages between said vacuum con-
nector port and between said space between suc-
cessive venturi tubes; and

* one-way valves between each said vacuum con-
nector port and each said space

between successive tubes, said valves allowing air flow
only in direction from said

[0007] vacuum connector port to said space between
successive tubes, and preventing flow in the reverse di-
rection; and

a reduced resistance inlet path for air being drawn into
the spacer between the venturi tubes via said one-way
valves.

[0008] Inapreferred embodimentof the presentinven-
tion there is provided a pump wherein said one-way valve
comprises a flat seating and a flexible disk automatically
covering air passages from said vacuum connector port
to said space between successive tubes when air pres-
sure within the central inner body exceeds air pressure
inthe volume being evacuated, said valve opening during
normal pump operation when said air pressure is higher
outside said central inner body than the air pressure as
measured near said space between said successive
tubes.

[0009] Inafurtherpreferred embodimentofthe present
invention there is provided a pump wherein said flexible
disk is made of a chemically-resistant plastic.
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[0010] Inafurtherpreferred embodimentofthe present
invention there is provided a pump wherein said flexible
disk is made of stainless steel less than 0.2 mm thick-
ness.

[0011] Inafurtherpreferred embodimentofthe present
invention there is provided a vacuum pump wherein a
gas accumulating chamber serving as a vacuum accu-
mulator is provided between vacuum connector ports in
said central body and said vacuum connector port is dis-
posed in an outer housing.

[0012] Inafurtherpreferred embodimentofthe present
invention there is provided a large capacity vacuum
pump, wherein an outer housing carries a plurality of cen-
tral bodies each of said plurality of gas accumulating
chambers being in fluid communication with said vacuum
connector ports of each of said central body.

[0013] In yet further preferred embodiment of the
presentinvention thereis provided a vacuum Pump being
made of stainless steel and allowing sterilization thereof.
In another preferred embodiment of the presentinvention
there is provided a vacuum

Pump being made of a high temperature engineering
plastic.

[0014] It is reasonable to suppose that connecting all
the different vacuum chambers the vacuum being gen-
erated would degrade the performance of the pump, on
the assumption that air would flow from the vacuum
chambers holding a early stage vacuum to the Surpris-
ingly it has now been found that connecting all stages of
the vacuum pump to the vacuum being generated brings
about the very opposite result, a significant improvement
in pump performance, as was verified by testing a pro-
totype manufactured according to present invention.
[0015] It will thus be realized that the novel device of
the present invention serves to reliably supply moderate
quantities of vacuum, while side-by-side installations as
seen in FIG.7 can increase vacuum supply as needed.
The flat disk used in the one-way valve is more reliable
than the complex cylindrical seal element seen in the Tell
patent Resistance to distortion of the disk is of much value
in laboratories where the air contains chemical to which
rubber is susceptible.

[0016] In an embodiment of the present invention, in
the vaccum pump, a nozzle is part of the spacer house.
The invention will now be described further with reference
to the accompanyingdrawings, which represent by ex-
ample preferred embodiments of the invention. Structural
details are shown only as far as necessary for a funda-
mental understanding thereof. The described examples,
together with the drawings, will make apparent to those
skilled in the art how further forms of the invention may
be realized.

[0017] In the drawings:

FIG. 1 is a cross-sectional view of preferred embod-
iment of the vacuum pump according to the inven-
tion;

FIG.2 is a fragmented sectional view of a pump hav-
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ing improved air flow;

FIG.3 is a perspective view of a plastic washer suit-
able for use in the pump according to the invention;
FIG.4 is the same as FIG.3 illustrating a stainless
steel washer;

FIG.5 is an elevational sectional view of further em-
bodiment enclosed in a housing, and

Fig.7 is a sectioned plan view of an embodiment hav-
ing increased capacity

FIG. 8 is a cross-sectional view of preferred embod-
iment of the vacuum pump according to the invention
with opposite connection of body section to FIG.1

[0018] There is seenin FIG.1 an improved multi-stage
vacuum powered by a compressed gas, usually air,
which enters the pump through a first inlet port 12.

The pump 10 comprises a central inner body 14 carrying
four venturitubes 16, 18, 20 and 22, all aligned coaxially.
A small space 24 remains between adjacent tubes.
The venturi tubes 16, 18, 20 and 22 vary in diameter, the
smallest tube 16 being proximate to the firstinlet port 12,
the tubes increasing in size so that largest tube 22 is
proximate to an air outlet 26.

The central body 14 has several passages which serve
as further inlet ports 36, 37, 40 to individual sections of
the pump, all said passages being in fluid communication
with the main inlet port 28. The inlet port 28 withdraws
air or other gas from the volume 30 which is to be evac-
uated.

The central body has an outlet port 26 for discharge of
the compressed air. Preferably a silencer section 32 al-
lows gradual expansion of the air before discharge.
One-way valves 34 are seen disposed between the inlet
ports 36, 37, 40 and the space 24 between adjacent ven-
turitubes. The valves 34 allow air flow only in the direction
from the inlet port 28 to the spaces 24, and prevent flow
in the reverse direction.

The seal element for the valves 34 comprises a flat flex-
ible thin disk 42, which automatically seats against a flat
surface 44 when the pump is not actuated. Under pres-
sure of incoming air the disk 42 is reversibly dished while
air enters the spaces 24. Divider walls 41 separate the
port 28 from both the inlet port 12 the outlet port 26.
Seal elements 46 are deployed as necessary to prevent
air leakage.

Where it is necessary to meet the requirement of com-
petitive pricing the main components of the pump are
made of an engineering plastic with sufficient heat resist-
ance to withstand sterilization. Suitable polymers include
Nylon 6/6 alloy or copolymer. Polyester is a useful alter-
native. Where extended durability is demanded and
some additional cost can be tolerated the pump can be
made of stainless steel. With reference to the rest of the
figures, similar reference numerals have been used to
identify similar parts.

[0019] Referring now to FIG.2 there is seen a detail of
pump 50 having a further improved air entry path. The
air referred to is the air which is evacuated from the vol-
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ume 30. The air enters the central body 52 via the ports
54 and 56, and then the two air streams continue
[0020] on a collision course. The meeting of the two
opposed air streams is useful in diverting the flow into
the small space 34 between successive venturi tubes 16,
18. The improved air flow increases pump efficiency and
so reduces the quantity of compressed air needed for
operation of the pump.

[0021] FIG.3llustrates a flexible valve disk 58 suitable
for use of the one-way valves 34 describes with reference
to FIG.1. The disk is made of chemically-resistant poly-
mer such as acetate which extends the working life of
the pump. The stepped form of the inner diameter 60
reduces the resistance of the disk to being dished. For
the same purpose the disk thickness is typically less than
0.4mm.

[0022] SeeninFIG.4is afurther embodiment 62 of the
valve disk. The disk is made stainless steel and may have
a thickness of 0.2mm or less.

[0023] Referring now to FIG.5, there is depicted a vac-
uum pump 64 similar to the pump 10 seen in FIG.1. The
central body 14 is held in an outer housing 66 which is
readily openable by removal of the cover 68 with its gas-
ket 70 if servicing is necessary. A gas accumulating
chamber 72 serves as a vacuum accumulator which re-
sults in more even pump operation. The chamber 72 is
operationally disposed between vacuum connector ports
40 in the central body 14 and the vacuum connector port
28 in the outer housing 66. The plug 74 seen on the right
side of the figure is removable to allow assembly/disas-
sembly of the central body 14. Compressed air enters
through the port 76 and is discharges through the port 78.
[0024] FIG.6 shows a vacuum pump 80 wherein the
one-way valve(s) 81 are disposed in the outer housing
82 leaving a freer access path for air being drawn into
the pump 80. Furthermore the valves 81 are readily ac-
cessible for servicing, and can be replaced without hav-
ing to dismantle the central body 14. An intermediate
closure plate 84 provides three individual air passages
86 for the three chambers 88 between the venturi tubes.
[0025] FIG.7 illustrates a high-capacity vacuum pump
90, wherein three central bodies 14 are disposed in par-
allel in the housing 92. The pump 90 has two air inlets
76, 28 and three discharge ports 26. The three central
bodies 14 can have different pneumatic properties as is
suited to the application.

[0026] The scope of the described invention is intend-
ed toinclude all embodiments coming within the meaning
of the following claims. The foregoing examples illustrate
useful forms of the invention, but are not to be considered
as limiting its scope, as those skilled in the art will be
aware that additional variants and modifications of the
invention can readily be formulated without departing
from the meaning of the following claims.

[0027] ThereisseeninFIG.8 with opposite connection
of body section to FIG.1 animproved multi-stage vacuum
powered by a compressed

gas, usually air, which enters the pump through a first
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inlet port 12.

The pump 10 comprises a central inner body 14 carrying
four venturitubes 16, 18, 20 and 22, all aligned coaxially.
A small space 24 remains between adjacent tubes.
The venturi tubes 16, 18, 20 and 22 vary in diameter, the
smallest tube 16 being proximate to the firstinlet port 12,
the tubes increasing in size so that largest tube 22 is
proximate to an air outlet 26.

The central body 14 has several passages which serve
as further inlet ports 36, 37, 40 to individual sections of
the pump, all said passages being in fluid communication
with the main inlet port 28. The inlet port 28 withdraws
air or other gas from the volume 30 which is to be evac-
uated.

The central body has an outlet port 26 for discharge of
the compressed air. Preferably a silencer section 32 al-
lows gradual expansion of the air before discharge.
One-way valves 34 are seen disposed between the inlet
ports 36, 37, 40 and the space 24 between adjacent ven-
turitubes. The valves 34 allow air flow only in the direction
from the inlet port 28 to the spaces 24, and prevent flow
in the reverse direction.

The seal element for the valves 34 comprises a flat flex-
ible thin disk 42, which automatically seats against a flat
surface 44 when the pump is not actuated. Under pres-
sure of incoming air the disk 42 is reversibly dished while
air enters the spaces 24. Divider walls 41 separate the
port 28 from both the inlet port 12 the outlet port 26.
[0028] Seal elements 46 are deployed as necessary
to prevent air leakage.

Where it is necessary to meet the requirement of com-
petitive pricing the main components of the pump are
made of an engineering plastic with sufficient heat resist-
ance to withstand sterilization. Suitable polymers include
Nylon 6/6 alloy or copolymer. Polyester is a useful alter-
native. Where extended durability is demanded and
some additional cost can be tolerated the pump can be
made of stainless steel.

With reference to the rest of the figures, similar reference
numerals have been used to identify similar parts.

Claims

1. Animproved multi-stage vacuum pump powered by
compressed air, said pump comprising

* at least one central inner body carrying a plu-
rality of venturi tubes aligned co-axially and leav-
ing a space between successive tubes, said
tubes varying in diameter from the smallest tube
proximate to an inlet port for compressed air,
and increasing in size so that the largest diam-
eter tube is proximate to an air outlet port;

* an outer housing carrying an inlet port for com-
pressed air, an air outlet port and a vacuum con-
nector port;

* divider walls separating said ports; and
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* connecting passages between said vacuum
connector port and between said space be-
tween successive venturi tubes; and

* one-way valves between each said vacuum
connector port and between said space be-
tween successive tubes, said valves allowing air
flow only in the direction from said vacuum con-
nector port to said space between successive
tubes, and preventing flow in the reverse direc-
tion; and

a reduced resistance inlet path for air being
drawn into the spacer between the venturi tubes
via said one-way valves.

The pump as claimed in claim 1, wherein at least
one of said valves one-way comprises a flat seating
and aflexible disk automatically covering air passag-
es from said vacuum connector port to said space
between successive tubes when air pressure within
the central inner body exceeds air pressure in the
volume being evacuated, said valve opening during
normal pump operation when said air pressure is
higher outside said central inner body than the air
pressure as measured near said space between said
successive tubes.

The pump as claimed in claim 2, wherein said flexible
disk is made of a chemically-resistant plastic.

The pump as claimed in claim 2, wherein said flexible
disk is made of stainless steel less than 0.2mm thick-
ness.

The vacuum pump as claimed in any one of claims
1to 4, wherein a gas accumulating chamber serving
as a vacuum accumulator is provided between vac-
uum connector port in said central body and said
vacuum connector port is disposed in outer housing.

A large capacity vacuum pump, wherein an outer
housing carries a plurality of central bodies as
claimed in claim 1, each of said plurality of gas ac-
cumulating chambers being in fluid communication
with said vacuum connector ports of each central
body.

A large capacity vacuum pump as claimed in claim
5, wherein the outer housing carries a plurality of the
central bodies defined in claim 1, each of said plu-
rality of gas accumulating chambers being in fluid
communication with said vacuum connector ports of
each central bodies.

The large capacity vacuum pump as claimed in claim
6 or 7, wherein said outer housing is provided with
a sealed cover removable for maintenance and
cleaning purposes.
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9.

10.

1.

12.

The large capacity vacuum pump as claimed in claim
6 or 7, wherein said one-wayvalve(s) are disposed
in said housing leaving a freer access path for air
being drawn into said pump.

The vacuum pump as claimed in any one of claims
1 to 9, being made of stainless steel and allowing
sterilization thereof.

The vacuum pump as claimed in any one of claims
1 to 9, being made of a high temperature
engineering plastic.

The vacuum pump as claimed in any one of claims
1to 11, wherein a nozzle is part of the spacer house.
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