wO 2016/112439 A1 [N 0F 00 000 00 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

21 July 2016 (21.07.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/112439 A1l

(51) International Patent Classification: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
F04C 28/26 (2006.01) F04C 28/06 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
F04C 18/14 (2006.01) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

. L . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(21) International Application Number: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

PCT/BE2016/000002 SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(22) International Filing Date: TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

7 January 2016 (07.01.2016) (84) Designated States (uniess otherwise indicated, for every

(25) Filing Language: Dutch kind of regional protection available). ARIPO (BW, GH,

Lo . GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(26) Publication Language: English TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

(30) Priority Data: TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
62/103,772 15 January 2015 (15.01.2015) US DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
2015/5137 12 March 2015 (12.03.2015) BE LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,

SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,

(71) Applicant: ATLAS COPCO AIRPOWER, NAAM- GW, KM, ML, MR, NE, SN, TD, TG).

LOZE VENNOOTSCHAP [BE/BE]; Boomsesteenweg . )
957, 2610 Wilrijk (BE). Declarations under Rule 4.17:

(72) Inventors: BOECKX Jens; Boomsesteenweg 957, 2610 tfnflzggl‘;“jtls72’;’jﬂemen’ to apply for and be granted a
Wilrijk (BE). SEGERS Jozef Maria; c/o Atlas Copco Air- p ’
power -Boomsesteenweg 957, 2610 Wilrijk (BE). —  of inventorship (Rule 4.17(iv))

(74) Agent: VAN VARENBERG Patrick; Bureau M.F.J. Published:

Bockstael nv., Arenbergstraat 13, 2000 Antwerpen (BE). —  with international search report (Art. 21(3))

81 D.esignated. States (unle.ss othe.rwise indicated, for every before the expiration of the time limit for amending the
kind of national protection available): AE, AG, AL, AM, claims and to be republished in the event of receipt of
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, amendments (Rule 48.2(h))

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(54) Title: OIL-INJECTED VACUUM PUMP ELEMENT

V259453

(57) Abstract: Oil-injected vacuum pump element, whereby two cooperating helical rotors (3) are rotatably provided in a housing
(2), whereby this housing (2) comprises an inlet port (8) and an outlet end face (6) with an outlet port (9), whereby compression
chambers (11a, lib) are formed between the helical rotors (3) and the housing (2), characterised in that the vacuum pump element (1)
is provided with a connection that extends from a first compression chamber (11a) to a second smaller compression chamber (lib) at
the outlet end face (6), whereby this first compression chamber (11a) is at a lower pressure than the second compression chamber
(lib) and whereby this second compression chamber (lib) can make connection with the outlet port (9) upon rotation of the helical
rotors (3), whereby the connection is such that a flow from the second compression chamber (lib) to the first compression chamber
(11a) is possible, whereby the connection is not directly connected to the outlet port (9).



10

15

20

25

30

WO 2016/112439 PCT/BE2016/000002

Oil-injected vacuum pump element.

The present invention relates to an oil-injected vacuum

pump element.

More specifically, the 1invention 1is intended for oil-
injected vacuum pump elements of the screw type, whereby
two cooperating helical rotors are rotatably provided in a

housing.

Chambers are defined between the 1lobes of the helical
rotors and the walls of the housing, that move from the
inlet side to the outlet side as a result of the rotation
of the rotors and thereby become increasingly smaller so

that the air trapped in these chambers is compressed.

It is known that o0il 1is injected into the compression
chamber of such elements to remove the heat of compression,
to lubricate the helical rotors, to prevent corrosion and

to ensure a seal between the rotors.

This o0il originates from an o0il separator where the oil is

separated from the outlet air.

It is impossible for all air to be removed from the oil, so

that oil is injected that contains a certain amount of air.

This air content can be in the o0il in the form of air

bubbles or dissolved therein.
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As a result there is a risk of cavitation. In an o0il flow
there are two types of cavitation:

- cavitation whereby o1l vapour bubbles are formed
because the static pressure falls below the vapour pressure
of the oil;

- cavitation whereby air bubbles are formed in oil
flows that contain a certain quantity of air, because a
reduction of the static pressure makes the solubility of

air in the oil fall.

Depending on the type of cavitation, damage can occur when
the air bubbles or oil vapour bubbles thus formed implode
in the vicinity of (metal) components. This damage can be
very extensive and can lead to the destruction of the

machine.

Such cavitation can occur in an oil-injected vacuum pump
element of the screw type under the influence of a fall of
the static pressure, more specifically at the outlet of the

vacuum pump in the last phase of compression.

In the 1last phase of compression, the volume of the
compression chamber goes to zero, such that the pressure in
this chamber can rise above the outlet pressure. As a
result, large pressure differences occur between the
aforementioned chamber and the inlet, where the pressure

can be 0.3 mbar(a) and below.

During the 1last compression phase, the aforementioned

chamber 1s separated from another compression chamber that
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connects to the inlet by only one single section of the

rotor profiles.

In this section a type of channel forms Dbetween the
profiles of the rotors or between the rotors and the outlet
end face that first converges and then diverges to form a

‘nozzle’.

A leakage flow of gas and o0il 1s possible through this
channel from the aforementioned chamber to the inlet due to
the large pressure difference between the two, whereby due
to the form of the channel and the rotors the speed of this
leakage flow becomes so high that the static pressure

becomes so low that gas bubbles can form.

Further in the channel the static pressure again increases,
such that the bubbles formed implode, such that damage
occurs to the rotors and the housing. As a result of this
damage the vacuum pump element will no longer function or

will do so less well.

The purpose of the present invention 1s to provide a

solution to the aforementioned and other disadvantages.

The subject of the present invention is an oil-injected
vacuum pump element of the screw type, whereby two
cooperating helical rotors are rotatably provided in a
housing, whereby this housing comprises an inlet port, an
inlet end face and an outlet end face with an outlet port,
whereby compression chambers are formed between the helical

rotors and the housing that proceed from the inlet port to
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the outlet port due to the rotation of the helical rotors
and thereby become increasingly smaller, whereby the oil-
injected vacuum pump element is provided with a connection
that extends from a first compression chamber to a second
smaller compression chamber at the outlet end face, whereby
this first compression chamber is at a lower pressure than
the second compression chamber and whereby this second
compression chamber can make connection with the outlet
port upon rotation of the helical rotors, whereby the
connection is such that a flow from the second compression
chamber to the first compression chamber is possible so
that the pressure in the second compressiocn chamber 1is
reduced, whereby the connection 1is not directly connected

to the outlet port.

Due to the rotation of the helical rotors the first
compression chamber will become increasingly smaller and
finally becomes the second compression chamber, whereby at

this time a new first compression chamber is formed.

The second compression chamber is the compression chamber
at the end of the compression cycle, in which there 1is
compressed gas that can then leave the vacuum pump element
via the outlet port. It goes without saying that this
second compression chamber 1is not connected to the inlet

port.

An advantage of an oill-injected vacuum pump element
according to the invention is that the pressure difference
between the inlet and the second compression chamber is

reduced because a flow of gas and oil is made possible via
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the connection from the second compression chamber at a
higher pressure to the first compression chamber at a lower

pressure.

As a result cavitation can be prevented because the flow
via the channel between the profiles of the helical rotors
or the flow between the rotors and the outlet end face in
the section of the rotor profiles that separates the
aforementioned second compression chamber from the
compression chamber that is connected to the inlet, will

have a much lower speed.

Indeed, due to the reduced pressure in the second
compression chamber, the pressure difference across the
aforementioned channel is too small to cause a flow through

the channel that can give rise to cavitation.

The precise location of the connection and the design
thereof will depend on the profile of the helical rotors
and the shape and location of the outlet port. Both can
differ strongly depending on the vacuum pump element

concerned.

In each case it must be prevented that the connection comes
into contact with the outlet port, i.e. the connection must

not connect directly to the outlet port.

With the intention of better showing the characteristics of
the invention, a few preferred embodiments of an oil-
injected vacuum pump element according to the invention are

described hereinafter by way of an example, without any
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limiting nature, with reference to the accompanying

drawings, wherein:

figure 1 schematically shows an oil-injected vacuum
pump element of the screw type;

figure 2 schematically shows a cross-section of the
oil-injected vacuum pump element of figure 1 along the
line II-II of figure 1;

figure 3 shows a similar cross-section to figure 2,
but of an oil-injected vacuum pump element according
to the invention;

figure 4 shows the cross-section of figure 3, but in a
different position of the helical rotors;

figures 5 to 7 show alternative embodiments of figure

3.

The oil-injected vacuum pump element 1 shown in figure 1 1is

an element of the screw type.

The element 1 essentially comprises a housing 2 in which

two cooperating helical rotors 3 are rotatably provided.

The housing 2 comprises an 1nlet end face 4 on the inlet

side 5 and an outlet end face 6 on the outlet side 7.

An inlet port 8 is affixed in the housing 2. This inlet

port 8 is indicated by a dashed line in figure 1.

An outlet port 9 is affixed in the housing at the location

of the outlet end face 6. This 1s shown in figure 2.
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Compression chambers 1lla, 1lb are formed between the lobes
10 of the helical rotors 3 and the housing 2. Due to the
rotation of the helical rotors 3 these compression chambers

1la, 11b move from the inlet port 8 to the outlet port 9.

For as 1long as the compression chamber 1la, 1l1lb makes
contact with the inlet port 8, its volume will increase, so

that a suction of gas is created.

When the compression chamber 1la, 1lb is no 1longer in
contact with the inlet port 8, the volume of the
compression chambers 1la, 1lb will decrease upon further
rotation of the helical rotors 3 so that the gas, for

example air, is compressed in these chambers.

Air that gets into a compression chamber 1la via the inlet
port 8 in the first compression phase is transported to the
outlet port 9 by the rotation of the helical rotors 3 and

is thereby compressed to a higher pressure.

At a certain time during the rotation of the helical rotors
3 the compression chamber 11b will makecontact with the
outlet port 9 so that the compressed air 1in this
compression chamber 1lb can be removed during the last

compression phase.

The accompanying compression chambers 1la, 11lb that belong
to the two aforementioned compression phases, i.e. a first
compression chamber 1lla that makes contact with the inlet
port 8 and the outlet end face 6 and a second compression

chamber 11b that only makes contact with the outlet end



10

15

20

25

30

WO 2016/112439 PCT/BE2016/000002

face 6 but not with the inlet port 8 or the inlet end face

4, are indicated in figure 2.

As can be seen 1in this drawing these two compression
chambers 1la, 1llb are separated from one another by one
single section of the helical rotors 3, whereby a channel
12 with a “nozzle” shape is formed between the profiles of

the helical rotors 3.

A flow of air and/or oil is possible via this channel 12 in
the direction from the second compression chamber 11b to
the first compression chamber 1lla, whereby due to the form
of the channel 12 the flow speed becomes so high that

cavitation can occur.

In an oil-injected vacuum pump element 1 according to the
invention, as shown in figure 3, a connection is affixed in
the outlet end face, in this case in the form of a groove

13.

This groove 13 extends from the first compression chamber

l1la to the second compression chamber 1lb.

Hereby a first end 14a of the groove 13 will at least
partially overlap the first compression chamber lla and a
second end 14b of the groove 13 will overlap the second

compression chamber 1llb.

A flow of gas and/or oil from the second chamber 1lb, at a

higher pressure, is possible via this groove 13 to the
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first compression chamber lla so that the pressure in the

second compression chamber 1lb is reduced.

In this way the pressure in the second compression chamber
11b can be prevented from becoming too high such that the
flow of gas and/or oil will be slower wvia  the

aforementioned channel 12.

In this way cavitation, and the detrimental consequences

thereof, is prevented.

Although in the example shown the groove 13 makes contact
with a first compression chamber 1la that is connected to
the inlet port 8, this is not necessarily the case. It is
only necessary for the invention that the first compression
chamber 1la concerned, to which the groove 13 is connected,
is at a lower pressure than the second compression chamber

11b.

According to the invention the connection is designed such
that the groove 13 is not directly connected to the outlet
port 9.

This can clearly be seen in figure 3: the groove 13 stops
at some distance from the outlet port 9 so that there is no
contact with the second end 14b of the groove 13 and the
outlet port 9.

This will ensure that a direct leakage flow is not possible
from the outlet port 9 to the inlet port 8 via the groove

13 and the first compression chamber 1la, whereby this
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leakage flow negatively affects the efficiency of the oil-

injected vacuum pump element 1.

In the situation of figure 3 the second end 14b of the
groove 13 1s not in contact with the second compression
chamber 11lb. Upon further rotation of the helical rotors 3,
whereby the second compression chamber 11b becomes
increasingly smaller, this end 14b will increasingly
overlap the second compression chamber 1lb. As a result,
the pressure increase in the second compression chamber 1lb
will be counteracted, because this chamber is still in
contact with the first compression chamber 1la by means of
the groove 13, so that a flow of gas and/or oil is possible
from the second compression chamber 1l1b to the first

compression chamber 1la.

Figure 4 shows the situation whereby the volume of the
second compression chamber 1lb has gone to practically
zero. Hereby the second end 14b of the groove 13 is still

connected to the second compression chamber 1llb.

At this moment the pressure 1in the second compression
chamber 1lb can become very high, but the pressure in the
second compression chamber 1lb will be 1low enough to
prevent cavitation through the connection to the first

compression chamber 1la by means of the groove 13.

The location of the second end 1l4b, by which the groove 13
makes contact with the second compression chamber 11lb, must

be suitably chosen such that a connection to the second
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11

compression chamber 1lb 1s realised without coming into

contact with the outlet port 9.

The final location of the groove 13, and in particular the
second end 14b, will depend on the rotor profiles and the

shape of the ocutlet port 9.

The final form and size of the groove 13 and thus the flow
rate of gas and/or oil that can flow via the groove 13 will

depend on two criteria:

- the flow rate must be high enough so that the
pressure in the second compression chamber 11lb can fall

enough to prevent cavitation;

- the flow rate may not be too high because in this
case the performance or efficiency of the oil-injected

vacuum pump element 1 will fall,

The flow rate that can flow via the groove 13 will depend

on the minimum cross-section of the groove 13.

Preferably this minimum cross-section of the groove 13 in
mm? is between 0.01 and 0.04 times the maximum volumetric

flow of the element 1 in litres per second.

However, it 1s not excluded that this minimum cross-section
in mm? is between 0.01 and 0.1 or 0.01 and 0.08 or 0.01 and
0.06 times the maximum volumetric flow of the element 1 in

litres per second.
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12

A groove 13 with a smaller minimum cross-section will not
be able to allow sufficient flow to let the pressure in the
second compression chamber 1lb fall enough to prevent

cavitation.

A groove 13 with a larger minimum cross-section will allow
through the large flows from the second compression chamber
11b to the first compression chamber 1la, such that the
efficiency of the oil-injected vacuum pump element 1 will

fall by too much.

Preferably the end 14b of the groove 13 that is connected
to the second compression chamber 11lb at the outlet end
face 6 1is designed such that the maximum contact area
between the groove and the aforementioned compression
chamber 11b has an area in mm? between 0.01 and 0.04 times
the maximum volumetric flow of the element 1 in litres per

second.

It 1s not excluded that the aforementioned maximum contact
area 1s between 0.01 and 0.1 or 0.01 and 0.08 or 0.01 and
0.06 times the maximum volumetric flow of the element 1 in

litres per second.

As it 1s possible that the contact area between the groove
13 and the second compression chamber 11lb is less than the
minimum cross-section of the groove 13 itself, preferably
it is sufficient for the aforementioned contact area to be
at the higher stated condition, in order to obtain the

desired effect.
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Different options are possible with regard to the final

design of the groove 13.

Preferably the groove comprises at least one slot-shaped

section 15.

Slot-shaped 15 section here means a part of the groove 13
whose cross-section, viewed in the flow direction through
the groove 13, does not change or practically does not

change.

This section 15 can be straight or curved.

In figures 3 to 6 the groove 13 only comprises a slot-

shaped section 15.

As can be seen in these drawings, the slot-shaped groove 13

has different orientations.

It is also possible that the groove 13 connecting to this
slot-shaped section 15 comprises a broadened section 16,
whereby the groove 13 at least partially overlaps the first

compression chamber 1la.

This is shown in figure 7, where it can be seen that the
first end 1l4a of the groove 13 is formed by a broadened
section 16 with a wider cross-section than the second end

14b that is formed by a slot-shaped section 15.

The precise shape of this broadened section 16 1is of

secondary importance.
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The only condition for the first end l4a is that this end
l4a extends far enough so that the groove 13 is always

connected to the first compression chamber 1la.

Preferably the overlap between the groove 13 and the first
compression chamber 1la is such that the connection between
the first compression chamber 1lla and the second
compression chamber 11lb is preserved by means of the groove
13 upon the rotation of the helical rotors 2 until the

volume of the second compression chamber 11b goes to zero.

At this moment the pressure 1in the second compression
chamber 11lb is very high and the second compression chamber
11lb is no longer connected to the outlet port 9, such that
the high pressure in this second compression chamber 1lb
can only escape via the aforementioned nozzle-shaped

channel 12.

In order to prevent this it is ensured that the second
compression chamber 1lb 1is connected to the first
compression chamber 1lla, and thus the inlet port 8, by

means of the groove 13.

In this way the pressure in the second compression chamber
11b can be prevented from becoming too high during this
phase at the time that the volume in this compression

chamber 11lb goes to zero and cavitation can be prevented.

Although in the examples shown above, the connection 1is

always made by means of a groove 13 in the outlet end face
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6, it is not excluded that the connection is realised by
means of a groove part in the outlet end face 6 that at
least partially overlaps the second ccmpression chamber 11b
and a channel or pipe connected thereto that leads to a
first compression chamber 1lla at a lower pressure than the

second compression chamber 11b.

As already stated, this compression chamber 1la can be the
compression chamber 1lla that i1s connected to the inlet port

8, but this is not the necessary for the invention.

This channel or this pipe can be built in housing itself or
otherwise, but of course can also be constructed on the

housing.

In such an embodiment, preferably it must be ensured that
the minimum cross-section of the groove part and the
channel and the maximum contact area between the groove
part and the second compression chamber 1lb both satisfy
the above-mentioned conditions, 1i.e. this minimum cross-
section and this maximum contact area 1in mm? 1is Dbetween
0.01 and 0.1 times the maximum volumetric flow of the
element 1 in litresiper second, and preferably between 0.01
and 0.08 times, even better between 0.01 and 0.06 times,

and even more preferably between 0.01 and 0.04 times.

The aforementioned groove part can take on the form of the
slot-shaped section 15 of the groove 13 for example, as

shown in figure 7.
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Preferably it 1is also ensured that the channel or the pipe
is such that the connection between the first compression
chamber 1la and the channel or the pipe 1is preserved upon
rotation of the helical rotors 3 until the volume of the

second compression chamber 11b goes to zero.

The present invention 1s by no means limited to the
embodiments described as an example and shown in the
drawings, but a an oil-injected vacuum pump element
according to the invention can be realised in all kinds of
forms and dimensions without departing from the scope of

the invention.
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Claims.

1.- Oil-injected vacuum pump element of the screw type,
whereby two cooperating helical rotors (3) are rotatably
provided 1in a housing (2), whereby this housing (2)
comprises an inlet port (8), an inlet end face (4) and an
outlet end face (6) with an outlet port (9), whereby
compression chambers (l1la, 1lb) are formed between the
helical rotors (3) and the housing (2) that proceed from
the 1inlet port (8) to the outlet port (9) due to the
rotation of the helical rotors (3) and thereby become
increasingly smaller, characterised 1in that the oil-
injected vacuum pump element (1) 1is provided with a
connection that extends from a first compression chamber
(lla) to a second smaller compression chamber (1llb) at the
outlet end face (6), whereby this first compression chamber
(l1la) is at a lower pressure than the second compression
chamber (1lb) and whereby this second compression chamber
(1lb) can make connection with the outlet port (9) upon
rotation of the helical rotors (3), whereby the connection
is such that a flow from the second compression chamber
(11b) to the first compression chamber (lla) is possible so
that the pressure in the second compression chamber (11lb)
is reduced, whereby the connection 1is not directly

connected to the outlet port (9).

2.- Oil-injected wvacuum pump element of the screw type
according to c¢laim 1, characterised in that the first
compression chamber (lla) makes contact with the inlet port

(9) and with the outlet end face (6).
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3.- Oil-injected vacuum pump element according to claim 1
or 2, characterised in that the aforementioned connection
is realised by means of a groove (13) that is affixed in
the outlet end face (6), whereby this groove (13) extends
from the first compression chamber (1la) to the second

compression chamber (11b).

4.- Oil-injected vacuum pump element according to claim 3,
characterised in that the groove (13) at least comprises a

slot-shaped straight or curved section (15).

5.- Oil-injected vacuum pump element according to claim 4,
characterised in that next to the aforementioned slot-
shaped section (15), the groove (13) comprises a broadened
section (16) with which the groove (13) at least partially

overlaps the first compression chamber (1la).

6.- Oil-injected vacuum pump element according to claim 1
or 2, characterised in that the aforementioned connection
is realised by means of a groove part in the outlet end
face (6) that at least partially overlaps the second
compression chamber (11lb), and a channel or pipe connected
thereto that leads to the first compression chamber (1lla),
whereby this channel or this pipe 1is built in the housing

or otherwise.

7.- 0Oil-injected vacuum pump element according to any one
of the previous claims, characterised in that the minimum
cross—-section of the connection in mm? is between 0.01 and

0.1 times the maximum volumetric flow of the element (1) in
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litres per second, preferably between 0.01 and 0.08 times,
even better between 0.01 and 0.06 times and more preferably

between 0.01 and 0.04 times.

8.- Oil-injected vacuum pump element according to any one
of the previous claims, characterised in that the end (14b)
of the connection that 1is connected to the second
compression chamber (llb) at the outlet end face (6) 1is
designed such that the maximum contact area between the
connection and the aforementioned second compression
chamber (1llb) has an area in mm? of between 0.01 and 0.1
times the maximum volumetric flow of the element in litres
per second, preferably 0.01 and 0.08 times, even better
between 0.01 and 0.06 times and more preferably between

0.01 and 0.04 times.

9.- Oil-injected vacuum pump element according to any one
of the previous claims, characterised in that the overlap
between the connection and the first compression chamber
(1la) 1is such that the connection between the first
compression chamber (1la) and the second compression
chamber (11b) 1s preserved upon rotation of the helical
rotors (3) until the volume of the second compression

chamber (11lb) goes to zero or practically zero.
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