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MULTIPLE STAGE VACUUM PUMP

FIELD OF THE INVENTION
The field of the invention relates to multi-stage vacuum pumps.

BACKGROUND

In multi-stage vacuum pumps transfer channels are required to transfer fluid
between the stages as it is pumped from an inlet to an outlet of the vacuum
pump. These transfer channels require space within the stator block. Where
additional access to the chambers is required such as where gas ballast may be
added to one or more stages, then the provision of these additional channels
and/or valves is required and can become challenging. This is particularly the

case for smaller compact pumps.

Embodiments seek to provide a compact multistage pump with a gas ballast inlet
channel for providing ballast gas to one of the stages of the pump.

SUMMARY
A first aspect provides a multistage vacuum pump comprising:

a stator defining multiple pumping chambers;

said stator comprising a plurality of transfer channels each providing a fluid
passage from an outlet port of one of said pumping chambers to an inlet port of a
subsequent pumping chamber;

at least one of said transfer channels comprises two side channel sections
on opposing side of said stator; and

at least one of said transfer channels comprises a single side channel
section on one side of said stator, said vacuum pump further comprising

a gas ballast inlet channel arranged on an other side of said stator to said

one side of said stator.

The inventor of the present invention recognised that multistage vacuum pumps
particularly compact multistage vacuum pumps have a limited space within the
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stator for the pumping chambers and the transfer channels for conducting fluid
between the pumping chambers of the different stages. In this regard, transfer
channels should be sized such that their cross-section is sufficiently large to allow
gas to flow between the chambers without significant pressure loss.

As a vacuum pump pumps from a high vacuum to a lower vacuum the volume of
gas pumped at the inlet end is significantly larger than the volume pumped at the
outlet end and thus, the pumping chambers and transfer channels may also

reduce in size from the inlet to the outlet.

In some pumps it may be advantageous to provide a gas ballast inlet channel for
introducing a ballast gas into the vacuum pump during certain stages of the
pumping cycle to inhibit the condensation of condensable gases being pumped
such as water vapour. The ballast gas may be air or an inert or process gas and
the flow helps to ‘dilute’ the vapour inside the pumping mechanism, inhibiting for
example water vapour from condensing as it is compressed up to nearer
atmospheric pressure. This allows the pump to recover much faster to its ultimate
pressure than if gas ballast is not used. Additionally gas ballast allows a higher
volume of vapour to be pumped than without it as it helps inhibit condensation

inside the pump.

These gas ballast inlet channels are generally provided towards the exhaust end
of the vacuum pump as it is at this end with the higher pressures that the gases
will condense. The inventors of the present invention recognised that towards
the exhaust end of the vacuum pump the volume of gas pumped is generally
smaller and thus, there might be an opportunity of providing a ballast gas inlet
channel within the stator of the vacuum pump. In particular, the inventors
recognised that although, in order to provide transfer channels with sufficient size
not to inhibit flow they have generally been formed in two side sections on either
side of the pumping chambers in the side walls of the stator with linking channels
between the inlets and outlets, it may be that for one of the transfer channels a
single side section just on one side of the stator could be used and in which case
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there would be available space on the other side of the stator where the other
side channel would conventionally be. In such a case, it is possible to place a
gas ballast channel in this side in the spare space provided by not having the
second side section of one of the transfer channels. Thus, by adapting the
transfer channel configuration within the stator, a gas ballast channel for
providing gas ballast to one of the pumping chambers within the vacuum pump
can be provided within the stator without the need to increase the size of the

stator or the vacuum pump.

In some embodiments, a cross section of at least some of said sections of said
transfer channels providing a fluid passage between pumping chambers closer to
said vacuum pump inlet have a larger cross section than a cross section of said
sections of said transfer channels between pumping chambers closer to said

pump outlet.

As noted previously, as the gas is pumped through the vacuum pump it will be
compressed and thus, the volume taken up by the gas will be less. Thus, the
cross section of the transfer channels that is required for relatively uninhibited
fluid flow towards the outlet of the vacuum pump is smaller than it is towards the
inlet. Thus, in some embodiments at least some of the transfer channels
between the pumping chambers may decrease in size from the inlet to the outlet
and take advantage of the fact that the size required to provide the same
pressure loss at the inlet is significantly larger than it is towards the outlet.
Reducing the size of the transfer channels is an effective way of efficiently using

the space within the stator.

In some embodiments, said transfer channel comprising said single side channel
section has a larger cross section than a cross section of an adjacent upstream

transfer channel.

However, where a transfer channel has only a single side channel section in

order to make place for the gas ballast channel on the other side of the stator
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then this side channel may be made to have a larger cross section than channel
sections where there are two side channels as the amount of gas flowing through
this side channel will be double the amount that would be the case if there were
two side channels. In this case for this transfer channel the cross section does
not decrease compared to the cross section of a side channel section of an
immediately preceding upstream transfer channel.

In some embodiments, said stator comprises side walls on opposing sides of said
multiple pump chambers and cover portions for covering opposing faces of said
multiple pumping chambers, said inlet and outlet ports of said plurality of pumping
chambers extending towards said inlet and outlet cover portions respectively,
wherein said cover portions comprise sections of said transfer channels for

linking respective inlets and outlets to said side channel sections.

The transfer channels provide a passage for fluid to flow from an outlet of one
pumping chamber to the inlet of a subsequent pumping chamber, the transfer
channels may comprise one or more side channel portions running
perpendicularly to the cover portions through one or both side walls of the stator
and linking channels to link either end of the side channel portions to respective
inlets and outlets. The linking channels are provided in the surfaces covering the

pumping chambers at respective inlet and outlet ends.

In some embodiments, said stator comprises a clam-shell stator comprising two
clam shell components, said side channel sections and pumping chambers
extending into both of said clam shell components, one of said clam shells
comprising an inlet clam, comprising an inlet portion of said pumping chambers
and one comprising an outlet clam comprising an outlet portion of said pumping
chambers.

In some embodiments the stator is formed as a clam shell type stator of two
blocks, making mounting of the rotor within the stator more straightforward.
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In some embodiments, said channel linking said pumping chamber inlet to said
single side channel in said inlet cover portion is angled, said single side channel
section being offset with respect to said pumping chamber inlet that said single
side channel section is connected to via said linking channel, said side channel

being closer to said vacuum pump inlet than said pumping chamber inlet is.

As noted previously, there is limited space for providing the transfer channels
within the stator and the transfer channel that has a single side channel may
have a larger cross section and, in order to provide space for this it may be
convenient to angle the channel and offset the side channel with respect to the
pumping chamber.

In some embodiments, said transfer channel adjacent to said channel comprising
said single side channel and closer to said vacuum pump inlet, comprises linking
portions in said inlet cover portion that are angled, said side channel sections
being offset with respect to said pumping chamber inlet that said side channel
sections are connected to via said linking channel, said side channel sections
being closer to said vacuum pump inlet than said pumping chamber inlet is.

In order to provide additional space for the gas ballast inlet it may be
advantageous to also angle the next transfer channel linking section towards the
inlet. This may provide additional space both for a wider cross section side and
linking channel sections for the transfer channel with the single side section and

for the gas ballast inlet channel.

Although the single side channel may connect between any two of the pumping
chambers, in some embodiments said transfer channel comprising said single
side channel section is a channel connecting an antepenultimate pumping
chamber to a penultimate pumping chamber, said penultimate pumping chamber
being adjacent to an exhaust pumping chamber.



10

15

20

25

30

-6-

As noted previously, gas ballast is advantageously input to a vacuum pump
towards the exhaust end of the vacuum pump and thus, it may be advantageous
if the gas ballast channel is located within the stator towards the exhaust side of
the vacuum pump too. In particular, it may be advantageous to locate it in a
space vacated by a side channel linking the anti-penultimate to the penultimate
pumping chamber.

In some embodiments, a portion of said gas ballast inlet channel is located at
said other side of said stator at least partially to one side of said antepenultimate
pumping chamber.

Where the transfer channel comprising the single side channel section is one that
connects between the antepenultimate and the penultimate chamber then the
gas ballast inlet channel may be located at least partially to one side of the
antepenultimate pumping chamber in the space vacated by there not being a side
channel to the transfer channel at this point.

In some embodiments, said gas ballast inlet channel comprises a cavity that
contains a non-return valve for inhibiting flow from said pump to a gas ballast inlet

port.

In order that gas being pumped by the vacuum pump does not flow out through
the gas ballast inlet channel when the pressure in the pumping chamber rises a
non-return valve may advantageously be arranged in this channel. ltis
convenient if this is close to the pumping chamber to avoid the buffering effect of
any volume between the non-return valve and the pumping chamber and thus,
this is a further reason that it is advantageous if the gas ballast channel is located
close to the pumping chamber that it provides gas to. The non-return valve is
located in a cavity within the channel and thus, does require a not insignificant
volume.
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In some embodiments, said gas ballast inlet channel comprises a control valve
for admitting gas ballast through said gas ballast inlet channel or for sealing said

pumping chambers from said gas ballast.

In order to control the input of the gas ballast to the vacuum pump a control valve
may be provided so that gas ballast may be input at a particular stage in the

pump being processed when and as required.

Further particular and preferred aspects are set out in the accompanying
independent and dependent claims. Features of the dependent claims may be
combined with features of the independent claims as appropriate, and in
combinations other than those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function,
it will be appreciated that this includes an apparatus feature which provides that

function or which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the present invention will now be described further, with

reference to the accompanying drawings, in which:

Figure 1 shows an isometric view of the main stator components of a vacuum
pump according to the prior art;

Figure 2 shows a top plan of the inlet stator component of Figure 1;

Figure 3 shows a top plane of the inlet stator component according to an
embodiment;

Figure 4 shows the end face of a stator inlet component according to an
embodiment; and

Figure 5 shows an isometric view of a stator inlet component according to an

embodiment
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DESCRIPTION OF THE EMBODIMENTS

Before discussing the embodiments in any more detail, first an overview will be

provided.

Embodiments provide a multi-stage vacuum pump comprising a stator at least
partially enclosing multiple vacuum chambers. The stator comprises transfer
channels for transferring fluid between the multiple pumping chambers from an
outlet of one pumping chamber to an inlet of a subsequent pumping chamber.

These transfer channels are located within the stator.

In some embodiments, the stator comprises side walls between which the
multiple pumping chambers and rotors are located and covering portions
extending perpendicularly to the side walls to cover the upper and lower faces of
the stator component or components comprising the multiple chambers. These
covering portions may be separate plates, or may be part of a stator block

comprising the side walls.

In some embodiments, some of the transfer channels have two side channel
sections that travel through the side walls of the stator, these are located at least
partially to either side of a respective pumping chamber. The inlet of the multiple
pumping chambers extends towards an inlet covering portion and the outlet
towards the opposing outlet covering portion. The transfer channels are
configured to conduct fluid from the outlet of one pumping chamber along a
linking channel in the outlet covering portion towards the side channel portion
where it will flow through the side channel portion to a channel in the inlet
covering portion where it will be conducted to the inlet of the subsequent pumping

chamber.

It is preferable that the cross-sectional area of the fluid transfer channels is large
enough not to unduly impede the flow.
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As the fluid flows from the inlet to the vacuum pump towards the outlet it
becomes compressed and thus, the cross-sectional area required for the fluid
decreases and the transfer channel’s cross-section may also decrease.

Embodiments provide a gas ballast inlet channel providing gas ballast to one of
the pumping chambers in the vacuum pump towards the exhaust and in order to
provide space for such a gas ballast inlet channel one of the transfer channels
between the pumping chambers is configured to have only a single side section
on one side of the stator leaving the other side of the stator available for the gas
ballast channel. This single side section of the transfer channel will have an
increased cross-section area compared to at least one of the neighbouring
upstream transfer channels in order to provide sufficient conductance for the gas

flow within this one channel.

Figure 1 shows a vacuum pump stator according to the prior art comprising an
inlet half shell stator component 2 and an outlet half shell stator component 4
which together form the main body of the stator block. In this example, the stator
is for a five stage vacuum pump and comprises five pumping chambers which are
separated by partition members in the form of transverse walls. These transverse

walls are preferably integral with the stator components 2 and 4.

Apertures 34 and 36 are provided in the stator each for receiving a respective
shaft of a rotor assembly of the vacuum pump. In this embodiment, the vacuum
pump comprises a Roots vacuum pump and the rotors comprise Roots rotors.
Head plates (not shown) are mounted on the end surfaces 38 and 40 of the stator
components 2, 4 to seal the ends of the stator components 2, 4.

Each pumping chamber comprises an inlet linked to channels in the upper

surface of component 2. Transfer channels between respective inlet and outlets
of the pumping chambers, have side sections which run vertically through blocks
2 and 4 at either edge of the pumping chambers and these side sections extend
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into the channels shown in the upper surface providing a passage of gas from the
side channel sections to the inlets of the pumping chambers.

The outlets of the pumping chambers open into channels (not shown) in a lower
surface of outlet stator component 4 and there are linking channels in this surface
providing a passage from the pump chamber outlet to respective side channels.

Figure 2 shows a view of upper surface 52 of inlet stator component 2 according
to the prior art. This shows the inlets 17, 19, 21, 23 and 25 of the respective
pumping chambers. There are also linking channels in the surface of this inlet
stator component 2 which link the inlets to respective side channel sections of the
transfer channels on either side of the stator. The openings of the side channel
sections are shown as 12, 14, 16, 18, 20 on the left hand side and these are
linked to the respective inlets of the pumping chambers by linking channels
running along the surface 52 of the inlet stator portion. Similarly the side channel
sections openings 22, 24, 26, 28 and 30 are shown on the right hand side and
these are also linked via linking channels to the inlets. In this vacuum pump of
the prior art there are side channel sections for the transfer channels on either
side of the pumping chambers for each of the pumping chambers and the cross-
section of the side channels sections decreases from the inlet side of the vacuum
pump 60 to the outlet side 62. The side channels are located to one side of the
pumping chamber such that the linking channels in the inlet stator portion run

perpendicularly to the side walls.

Figure 3 shows an end view of the upper face 52 of an inlet stator component 2
according to an embodiment. In this component there are five pumping chamber
inlets shown although there are seven pumping chambers with this multistage
pump and inlet stage is within the inlet head plate (not shown) and the outlet
stage is located underneath the groove surrounding the stator component for
accommodating the seal and therefore is not visible in Figure 3.
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Figure 3 shows an inlet 17 to a second pumping chamber and subsequent inlets
19, 21, 23 and 25 with a further inlet 27 to the exhaust pumping stage being
shown in Figure 4. There are transfer channels for transferring fluid between the
stages of the multistage vacuum pump and these each have side sections which
run through the side of the stator at least partially adjacent to the pumping
chambers. For the second pumping chamber with inlet 17 there are two side
channel sections on either side to provide sufficient flow for the lower pressure
gas. These two side channel sections are shown as 12 on the left hand side and
22 on the right hand side. The subsequent pumping chamber has a side channel
section 14 on the left and 24 on the right. These side channels are configured to
receive fluid from the outlet of the previous pumping chamber which is on the
opposing face of the other stator component 4 and the fluid flows up through the
channels to the inlet face and then along the linking channels 14a and 24a to the
inlet 19.

The fluid is then pumped through the pumping chamber and output at the outlet
in the outlet face of stator component 4 into subsequent side channels 16 and 26
whereupon the fluid travels up to the inlet face 52 of the inlet component 2 and
from there through the linking channels into the inlet 21 of the subsequent

pumping chamber.

In this embodiment, a gas ballast inlet channel 70 is provided for inputting ballast
gas into the exhaust stage of the vacuum pump. In this embodiment, the gas
ballast inlet channel 70 is located to one side of the penultimate pumping
chamber whose inlet is 25. This penultimate pumping chamber receives fluid
from a transfer channel which has only one side section 30 which transfer
channel transfers fluid from the antepenultimate pumping chamber to the
penultimate pumping chamber. As there is only one side channel section this
transfer channel has a larger cross-sectional area than the transfer channel
transferring fluid between the previous two pumping chambers. This provides
space on the other side of the stator for the gas ballast inlet channel 70.
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As we are towards the exhaust end of the vacuum pump the cross-sectional area
required for the transfer channels is lower and thus, increasing the cross
sectional area of the transfer channel side section is not unduly onerous on
space. However, the space is limited and thus, in this embodiment the side
channel 30 is offset with respect to the pumping chamber and the pumping
chamber inlet 25 and thus the linking channel 30a is angled. This allows the
channel to be larger and still provides space for the subsequent side channel to
the next exhaust stage which side channel does not open onto the surface 52 but

rather travels across under the surface and is shown in Figure 4.

Figure 4 shows an end view of the inlet stator component 2 with pumping
chamber inlet 27 to the exhaust pumping chamber. The gas ballast inlet passage
70 opens into the connecting linking channel 31a which links it and the side
section of the left hand transfer channel 31 from the penultimate to the exhaust
stage to the inlet 27 of the exhaust pumping stage. Thus, both gas ballast and
fluid from the penultimate pumping chamber flow through linking channel 31a to
inlet 27. There is an additional linking channel 32a that links the side section of

the right hand transfer channel 32 to the inlet of the exhaust pumping chamber.

Figure 5 shows inlet stator component 2 in an isometric view. Gas ballast inlet

channel 70 is shown with an opening on the upper surface of this component and
the linking channels linking the side sections of the transfer channels to the inlets
are also shown. The side channels extend down from these linking channels and
are not visible. The end face is visible and shows how the inlet 27 to the exhaust

stage is linked by its own linking channels.

The flow of gas through the vertical side channels flows in an upwards direction
as shown in the figures through the transfer channels from the outlet of
respective pumping chambers in the lower surface of the stator outlet block 4 to
the upper surface of the inlet stator block. The gas ballast channel receives
ballast gas from an opening in the upper surface 52 of the inlet clam and it flows

down to the inlet of the exhaust stage.
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The gas ballast channel has a non-return valve (not shown) located in the
channel close to the exhaust pumping chamber to inhibit flow of gas from the
pumping chamber to the ballast gas inlet port and a control valve (also not

shown) for controlling the input of ballast gas.

Although illustrative embodiments of the invention have been disclosed in detail
herein, with reference to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiment and that various changes and
modifications can be effected therein by one skilled in the art without departing
from the scope of the invention as defined by the appended claims and their

equivalents.
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REFERENCE SIGNS

2 inlet half shell stator component

4 outlet half shell stator component

17,19, 21, 23, 25, 27 pumping chamber inlets

12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 31, 32 transfer channel side sections
14a, 2443, 30a, 31a, 32a transfer channel linking sections

34, 36 rotor receiving apertures

38, 40 end faces of stator block

52 top surface of inlet half shell stator component

60 vacuum inlet end

62 vacuum pump outlet end

70 gas ballast inlet channel
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CLAIMS

1. A multi-stage vacuum pump comprising:

a stator defining multiple pumping chambers;

said stator comprising a plurality of transfer channels each providing a fluid
passage from an outlet port of one of said pumping chambers to an inlet port of a
subsequent pumping chamber;

at least one of said transfer channels comprises two side channel sections
on opposing side of said stator; and

at least one of said transfer channels comprises a single side channel
section on one side of said stator, said vacuum pump further comprising

a gas ballast inlet channel arranged on an other side of said stator to said
one side of said stator.

2. A multi-stage vacuum pump according to claim 1,

wherein a cross section of at least some of said sections of said transfer
channels providing a fluid passage between pumping chambers closer to said
vacuum pump inlet have a larger cross section than a cross section of said
sections of said transfer channels between pumping chambers closer to said
pump outlet.

3. A multi-stage vacuum pump according to any preceding claim,
wherein said transfer channel comprising said single side channel section
has a larger cross section than a cross section of an adjacent upstream transfer

channel.

4. A multi-stage vacuum pump according to any preceding claim, wherein
said stator comprises side walls on opposing sides of said multiple pump
chambers and cover portions for covering opposing faces of said multiple
pumping chambers, said inlet and outlet ports of said plurality of pumping
chambers extending towards said inlet and outlet cover portions respectively,
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wherein said cover portions comprise sections of said transfer channels for

linking respective inlets and outlets to said side channel sections.

5. A multi-stage vacuum pump according to any preceding claim, wherein
said stator comprises a clam-shell stator comprising two clam shell components,
said side channel sections and pumping chambers extending into both of said
clam shell components, one of said clam shells comprising an inlet clam,
comprising an inlet portion of said pumping chambers and one comprising an

outlet clam comprising an outlet portion of said pumping chambers.

6. A multi-stage vacuum pump according to claim 4 or 5,

wherein said channel linking said pumping chamber inlet to said single
side channel in said inlet cover portion is angled, said single side channel section
being offset with respect to said pumping chamber inlet that said single side
channel section is connected to via said linking channel, said side channel being

closer to said vacuum pump inlet than said pumping chamber inlet is.

7. A multi-stage vacuum pump according to claim 4 or 5,

wherein said transfer channel adjacent to said channel comprising said
single side channel and closer to said vacuum pump inlet , comprises linking
portions in said inlet cover portion that are angled, said side channel sections
being offset with respect to said pumping chamber inlet that said side channel
sections are connected to via said linking channel, said side channel sections

being closer to said vacuum pump inlet than said pumping chamber inlet is.

8. A multi-stage vacuum pump according to any preceding claim, wherein
said transfer channel comprising said single side channel section is a channel
connecting an antepenultimate pumping chamber to a penultimate pumping
chamber, said penultimate pumping chamber being adjacent to an exhaust
pumping chamber.
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9. A multi-stage vacuum pump according to claim 8,
wherein a portion of said gas ballast inlet channel is located at said other
side of said stator at least partially to one side of said antepenultimate pumping

chamber.

10. A mutli-stage vacuum pump according to any preceding claim, wherein
said gas ballast inlet channel comprises a cavity that contains a non-return valve

for inhibiting flow from said pump to a gas ballast inlet port.

11. A multi-stage vacuum pump according to any preceding claim, wherein
said gas ballast inlet channel comprises a control valve for admitting gas ballast
through said gas ballast inlet channel or for sealing said pumping chambers from

said gas ballast.



