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SCROLL COMPRESSOR

The present invention relates to a scroll compressor.

A prior art scroll compressor, or pump, 10 is shown in Figure 5, and compriscs a
housing 12, a drive shaft 14 having a concentric shaft portion 16 and an cccentric shaft
portion 18. The shaft 14 is supported at its concentric portion by bearings 20, which arc
fixed relative to housing 12, and driven by a motor 22. Sccond bearings 24 support an
orbiting scroll 26 on the eccentric shaft portion 18 so that during usc rotation of the shaft
imparts an orbiting motion to the orbiting scroll 26 relative to a fixed scroll 28 for
pumping fluid along a fluid flow path 30 between an inlet 31 and outlet 33 of the
COMPICSSOL.

Each scroll compriscs a scroll wall 32, 34 which extends perpendicularly to a
generally circular base plate 27, 29. The orbiting scroll wall 32 co-operates, or meshes,
with the fixed scroll wall 34 during orbiting movement of the orbiting scroll. Relative
orbital movement of the scrolls causcs a volume of gas to be trapped between the scrolls
and pumped from the inlet to the outlet.

Scroll pumps are dry pumps and thercfore the clearances between the scroll walls
32, 34 must be accurately sct during manufacture or adjustment to minimize seepagc of
fluid through the clearances. The space between the axial ends of a scroll wall of onc
scroll and the basc platc of the other scroll is scaled by tip scals 36.

The capacity, or pumping speed, of a scroll pump is determined by the volume of
gas which can be trapped between the scrolls. The compression limit of a pump is a
function of the amount of back leakage (determined by the seal cffectiveness) and the

pumping capacity which scrves to pump away the lcaks. As the capacity of a scroll pump
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1s reduced, the amount of lcakage which can be pumped away also reduces resulting in
lower compression.

To meet certain requircments, it is desirablc to provide a scroll pump with reduced
pumping capacity but without reduccd compression.

The present invention provides an improved scroll compressor.

The present invention provides a scroll compressor comprising two scrolls having
respective scroll plates and respective scroll walls, the scroll walls intermeshing so that on
relative orbital movement of the scrolls a volume of gas is trapped between the scrolls
and pumped from an inlet to an outlet wherein the axial extent of said trapped volume
between said scroll plates is less along a first portion of a flow path between the inlet and
the outlet than the axial extent of said trapped volume along a sccond portion of the flow
path, and wherein the first portion is closer to the inlet than the sccond portion along the
flow path.

Other preferred and/or optional aspects of the invention are defined in the
accompanying claims.

In order that the present invention may be well understood, two embodiments
thereof, which are given by way of example only, will now be described with reference to
the accompanying drawings, in which:

Figure 1 shows a schematic view of the scroll walls of a scroll pump;

Figurc 2 is a scction through a scroll plate of the fixed scroll of the pump
according to Figure 1;

Figurc 3 shows a schematic view of the scroll walls of another scroll pump;

Figure 4 is a scction through a scroll plate of the fixed scroll of the pump

according to Figure 3; and
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Figurc 5 shows a scction through a prior art scroll compressor.

The general arrangement of onc scroll pump has been described above in relation
to Figure 5 and will not be described again for the sake of brevity. Figures 1 to 4 show
aspects of the scroll pump which have been modified from the pump shown in Figure 5.

Referring to Figures 1 and 2, a scroll compressor comprises a fixed scroll 40
having a fixed scroll plate 42 and a fixed scroll wall 44 and an orbiting scroll 46 having
an orbiting scroll plate 48 and an orbiting scroll wall 50. The scroll walls 44, 50
intermesh so that on relative orbital movement of the scrolls a volume 52 of gas is trapped
between the scrolls and pumped from the inlet 31 to the outlet 33. A sccond volume 54
of gas is trapped between the scrolls on another side of the scroll wall of the orbiting
scroll and is pumped from the inlct to the outlet along a flow path. The doublc arrow at
the inlet 31 indicates that fluid is pumped on both sides of the orbiting scroll to the outlet.
The volumes 52, 54 are generally crescent-shaped and, as shown in Figure 1 when viewed
from an axial direction, reduce in size from the inlet to the outlet achieving compression.

As compared to the scroll pump shown in Figure 5, the pumping capacity of the
scroll pump according to Figures 1 and 2 is reduced. In this regard, volumetric capacity
of the first wrap (i.c. the first 360° extending from the inlet) is selected to meet pumping
capacity requirements whilst the capacity of the remaining wraps is selected to
compression requirements. Since different pumping capacities are often required in
diffcrent pumping applications, the pump described with reference to Figures 1 and 2 can
be readily modified as shown to meet reduced pumping capacity, whilst maintaining an
existing layout and components and without a loss in compression. It would not normally
be expected that a pump would be designed specifically to reduce pump performance and

yet with customers increasing requirements for a range of pumping capacities the present
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invention allows a large range of pumps to be provided with different pumping capacitics
and good compression and without the requirement for multiple pump layouts and
designs.

Figure 2 shows a section through the fixed scroll plate 42 with its line of section
corresponding to an involute between the inlet and the outlet and extending
approximately mid-way between successive wraps of the fixed scroll wall. In other
words, the involute channel formed by the fixed scroll has been unwrapped in Figure 2
with the inlet 31 on the left in the Figure and the outlet 33 on the right. The position of
the orbiting scroll plate 48 is shown in broken lines. The scroll walls 44, 50 are not
shown for simplicity. A plan view of the fixed scroll channel is also shown.

As shown in Figurc 2, rclative orbiting motion of the scrolls causcs a volume 52,
54 to be trapped between the scrolls and pumped along a flow path 56 extending from the
inlet 31 to the outlet 33. The axial extent, or depth, of the volume 52, 54 is defined by the
facing surfaces 58, 60 of the scroll plates. A first portion 62 of the flow path is closer to
the inlet than the second portion along the flow path and the axial extent of the trapped
volume along the first portion is less than the axial extent of the trapped volume along the
second portion. The axial extent ‘A’ of trapped volume is different along a first portion
62 of the flow path 56 from the axial extent ‘B’ of the trapped volume along a second
portion 64 of the flow path. Accordingly, it is possible to change the volumetric capacity
of the pump by sclecting the appropriatc axial cxtent of the trapped volume at different
portions of the flow path 56.

In order to form the change in axial extent or. depth the scroll plate of the fixed

scroll comprises an axial step 66 between the first and second portions of the flow path 56



15

20

WO 2011/007157 PCT/GB2010/051042

-5

thereby increasing or decreasing the axial extent of the trapped volume at the axial step.
Alternatively or additionally, an axial step may be formed in the orbiting scroll plate 48.

If as shown it is desired to reduce pumping capacity but retain pump compression,
then the axial extent ‘A’ of the trapped volume along the first portion 62 is selected to be
less than the axial extent ‘B’ of the trapped volume along the second portion 64, since the
first portion 62 of the flow path is closer to the inlet 31 than the sccond portion 64.
Accordingly, the axial extent (or depth) and volumetric capacity of the pumping channel
is less at the inlet and greater towards the outlet changing in this example by one discrete
step 66. The deeper channel along the second portion 64 allows the pump to rctain
compression as comparcd to the prior art thereby providing a pump with reduced capacity
but without reduced compression.

The axial extent “C’ of the trapped volume along a third portion 68 of the flow
path 56 may be different from the axial extent ‘A’ or ‘B’ of the trapped volumc along at
lcast one of the first portion 62 and the second portion 64. As shown Figures 1 and 2, the
sccond portion 64 is between the first portion 62 and the third portion 68 along the flow
path and the axial extent ‘B’ of the trapped volume along the second portion is less than
the axial extent of the trapped volume along the first portion and the second portion. In
this way, the first portion 62 reduces pumping spced (or capacity), the second portion 64
retains compression and the third portion 68 with decreased depth reduces power
consumption. In order to form the change in depth the scroll plate of the fixed scroll
comprises an axial step 70 between the third and sccond portions of the flow path 56
thereby changing the axial cxtent of the trapped volume at the axial step. Alternatively or

additionally, an axial stcp may be formed in the orbiting scroll plate 48.
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It should be noted that a step change in the depth of the channcl will itself causc a
small loss in compression. Accordingly, in the cxample shown in Figure 1, the depth of
the sccond portion should be sufficient to compensate for such losses.

As shown in Figurce 1, coincident with the axial steps 66, 70 in the fixed scroll
platc 42 arc respective axial steps 72, 74 in the orbiting scroll wall 50. Tn this regard, at
the locations where the depth of the fixed scroll channel is increased or decrcased, the
height of the orbiting scroll wall is decreased or incrcased commensurately. Each discrete
portion of the orbiting scroll performs an orbiting motion relative to the fixed scroll.
Therefore, the step in the fixed scroll plate is arcuate and preferably circular so that the
orbiting scroll wall sweeps across the face of the fixed scroll plate during its orbiting
motion and the clcarance thercbetween is retained relatively small throughout the orbiting
motion. Preferably, as shown, the steps in the orbiting scroll wall arc also arcuate and
preferably circular so that the clearance is kept to a minimum throughout the orbiting
motion. In this way, the scroll walls are shaped so that leakage at the steps is minimised.

The scrolls of a second scroll pump arc described with reference to Figures 3 and
4. Like reference numerals used in relation to Figures 1 and 2 are used to denote like
features of the scroll compressor described with reference to Figures 3 and 4. The scrolls
of the sccond scroll pump define a multi-start arrangement in which dissimilar pumping is
applicd to fluid entering the pump through one or more inlets. For example, an inlet may
be provided at a location which is part way between inlet 31 at a radially outer portion of
the scrolls and the outlct 33 at a radially inner portion of the scrolls. Such a further inlet
may provide an intermediatce, or booster, inlct for pumping at a pressurc between the inlet

31 and the outlet 33.




10

15

20

WO 2011/007157 PCT/GB2010/051042

-7

As shown in Figurc 3, the fixed scroll 76 compriscs a fixed scroll wall 78 and a
fixed scroll plate 80 arranged to form two channels 82, 84 extending from the inlet 31.
The channels converge to form a single channel 86 which extends to the outlet 33 thereby
providing a multi-start flow path between the inlet and the outlet. That is, the first
portions of the flow paths (having a first axial extent or depth) extend along the channels
82, 84 and the sccond portion of the flow paths (having a second axial extent or depth)
extends along the single channel 86.

The multiple starts may be synchronised (side-by-side) as shown in Figure 3, in
which case the channels can be converged to form fewer channels. Typically, two or
more channels may converge to form one channel. In Figure 3, the channels 82, 84
converge to form channcl 86 at a location 88 where the axial extent, or depth, of the
channel increases. Accordingly, the axial extent ‘A’ of the trapped volume between the
scrolls along the channels 82, 84 is less than the axial extent ‘B’ of the trapped volume
along the single channel 86.

Figure 4 shows a view similar to Figure 2. A section through the fixed scroll plate
76 is shown with its line of section corresponding to a multi-start involute between the
inlet 31 and the outlet 33 and extending approximately mid-way between successive
wraps of the fixed scroll wall. For the sake of simplicity, the channels 82, 84 are shown
by one section in Figure 4, although it will be appreciated that channels 82, 84 are
scparatc. A plan view of the fixed scroll channcl is also shown.

The stepped wall 90 and the multi-start arrangement introduce unsealed regions
into the pump’s mechanism. However, the convergence 88 of the channels and the
stepped portion 90 are located in approximately the same position in the pump and

therefore the efficiency losses from leakage are the same as for a single unsealed region.
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Thercfore, cfficiency losscs arc minimised. In other words, a multi-start arrangement
causes a loss in cfficiency because as shown in Figure 3 there is a break in the scroll walls
at the convergence. Whilst the stepped wall 90 also introduces a small inefficiency, the
increased depth of pumping channel along channel 86 compensates for the loss of
cfficiency due to the multi-start arrangement.

The combination of a multi-start arrangement and a stepped wall provides the
opportunity to design any compression ratio greater than unity, without the inlet being
deeper than the downstream depth ‘B’. The addition of a shallow inlet to a multi-start
arrangement improves the pumping efficiency where the channels converge. For example,
a compression ratio of 1.7 would be more efficient than a compression ratio of 2.0.

Referring to Figure 3, the orbiting scroll wall of the orbiting scroll compriscs two
generally parallel circular sections 94, 96 disposed in respective channels 82, 94 and a
single involute wall section 98 disposed in the single channel 86 of the fixed scroll.

In order to reduce leakage in the scroll compressors described, the scroll walls
have respective seals at axial ends thereof which seal against the opposing scroll plate.

As shown in Figures 1 to 4, the first 62; 82, 84, second 64; 86 or third 68 portions
along the flow path extend through at least 360° of the flow path or paths. For example,
referring to Figure 1, a crescent-shaped pocket extends through less than 360° and
therefore first portion extends through at least 360° so that a pocket is not open to both
the inlet 31 and the stepped portion 66 at the same time.

Whilst a scroll compressor is typically operated for pumping fluid, instead it can
be operated as a generator for gencerating electrical energy when pressurised fluid is used
to rotate the orbiting scroll relative to the fixed scroll. The present invention is intended

to cover use of the scroll compressor for pumping and energy generation.
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CLAIMS

\. A multi-start scroll comprossor comprising:

a first seroll being one o7 a fixed scrall and an orhiting seroil; and

a second scroll being the other of the fixed seroll and tae orbiting scroll,

vihierein the (irstseroll comprises a fist swioll plate and a first scroll wall arraaged to
define a flow path including a first portion in which the {irst seroll plate and first scrofl wall
define o plurality of substantially parallel channels that extzod from an inlet and converge at e
sceend portion in which the first scroll plate and the first serell wall define a stngle chaunel
extending to an outlet, and

wherein the second scroil compriscs a secend scroll plate and second scroll wall
intermeshing with the fiest seroll wall of the first serofl so that, on relative orbital inavement of
the rirst and second scrolfs, a velume of gas is wapped between tre {irst aud second soratls and
pumped in porallel throngh the plucality of substantially parallel echannels along the first portion
of the Tlow path from the inlet to converge at the second portion and be pumped along the second
pottion of the flow path to the oullet, and wheren an axial extent of the trapped volume between
the first and second scroll plates is less alang the fivst portion of the How pata than the axial

extent ot the rapped volume along the second portion of the flow path.

2. The multi-start scroll cornpressor of claim 1, wherein the axial extent ot the
trapped volnme aleng a third portion of the flow path is different from the axial extent of the

trapped volume along al least one of the first portion and the second portion.

3 The multi-start scroll compressor of ¢laim 2, wherein the second poriion is
between the first portion and the third portion along the flow path and the axial extent of the
trapped volume along the second portion is greater than the axial extent of the trapped volume

along the tirst portion and the third pertion.

A The mult-start seroll compressor of claim I, wherein the fivst scroll plate
cotaprises an axial step between the fivst portions andt the second portion of the flow path thereby

increasing the axial extenl of the trapped volume at the axial step.
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5. The multi-start seroll compressor of claim#4, whetein the axial siep comprlses a
first axial step, and wherein the first axial step eoincides with a second axial step in the second

seroll wall,
e The multi-giart scrolf compressor of ¢laim 4-)\\'hcmin the axial step is arcuate,

3. : The multi-start seroll compressor of claim T, wherein the first and second serall

walls have respective seals at axial ends thereof which seal against the opposing scroll plate,

8. The multi-srari scroll compressor of claim |, wherein the first ard second portions

extend through at least 366° of the flow path,

9. The multi-start scroll comproessor of claim 1, whereir: the first portion extends
from the inlet Lo n convergenee, and wherein the second portion extends fram the convergence to

the outlet,

L0, The multi-start seroll compressor of claim 9 , wherein the first scroll plate
comprisés an axial step at the convergence thereby inereasing the axial extent of the trapped

volume at the axial step.

W The multi-start sctoll compressor of claim 10, whetein the axial step coitcides
with a gap between the two generally parallel circular sections and the gingle involute wall

section of the orbiting scroll wall,

12 . The multi-start soroll compressor of claim 1, wherein the inlet cotaprises a

plurality of inlets,



