wo 2011/007157 A2 I 0K 000 OO O

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

ot VAP,
(19) World Intellectual Property Organization /g [} 11NN A0 0010 0 OO0 A A
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
20 January 2011 (20.01.2011) WO 2011/007157 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
F04C 18/02 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DBI\(V ’];313[{ > ]];é’
PCT/GB2010/051042 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
23 June 2010 (23.06.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

0912162.5 14 July 2009 (14.07.2009) GB (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): ED- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
WARDS LIMITED [GB/GB]; Manor Royal, Crawley, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
West Sussex RH10 9LW (GB). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(72) Inventors; and LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

(75) ]I;lve‘ntors/Apph.cants (for .US only): STONES, Ian SM. TR), OAPI (BF, BJ. CF, CG, CL CM, GA, GN. GOQ.
avid [GB/GB]; Edwards Limited, York Road, Burgess GW, ML. MR, NE, SN, TD, TG)
Hill, West Sussex RH15 9TT (GB). HOLBROOK, Alan i i PET R ’
Ernest Kinnaird [GB/GB]; Edwards Limited, Unit 2 Published:
Dolphin Road, Shorcham-By-Sea, West Sussex BN43
6PY (GB).

(74) Agent: CLARK, Charles Robert; Edwards Limited,
Manor Royal, Crawley, West Sussex RH10 9LW (GB).

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SCROLL COMPRESSOR

FIG. 1

(57) Abstract: A scroll compressor comprises two scrolls (40, 46) having respective scroll plates (42, 48) and respective scroll
walls (44, 50). The scroll walls intermesh so that on relative orbital movement of the scrolls a volume (52, 54) of gas is trapped
between the scrolls and pumped from an inlet (31) to an outlet (33). The axial extent (A) of said trapped volume between said
scroll plates is less along a first portion (62) of a flow path (56) between the inlet and the outlet than the axial extent (B) of said
trapped volume along a second portion (64) of the tlow path, and wherein the first portion is closer to the inlet than the second
portion along the flow path.
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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 comprises a
housing 12, a drive shaft 14 having a concentric shaft portion 16 and an eccentric shaft
portion 18. The shaft 14 is supported at its concentric portion by bearings 20, which are
fixed relative to housing 12, and driven by a motor 22. Second bearings 24 support an
orbiting scroll 26 on the eccentric shaft portion 18 so that during use 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
COMpressor.

Each scroll comprises 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 causes a volume of gas to be trapped between the scrolls
and pumped from the inlet to the outlet.

Scroll pumps are dry pumps and therefore the clearances between the scroll walls
32, 34 must be accurately set during manufacture or adjustment to minimize seepage of
fluid through the clearances. The space between the axial ends of a scroll wall of one
scroll and the base plate of the other scroll is sealed by tip seals 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 effectiveness) and the

pumping capacity which serves to pump away the leaks. As the capacity of a scroll pump
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is reduced, the amount of leakage which can be pumped away also reduces resulting in
lower compression.

To meet certain requirements, it is desirable to provide a scroll pump with reduced
pumping capacity but without reduced 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 second portion of the flow
path, and wherein the first portion is closer to the inlet than the second 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;

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

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

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

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

The general arrangement of one 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 second 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 inlet to the outlet along a flow path. The double 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
different 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 capacities
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 Figure 2, relative orbiting motion of the scrolls causes 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 selecting the appropriate axial extent 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
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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 second 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 retain
compression as compared 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 volume along at
least one of the first portion 62 and the second portion 64. As shown Figures 1 and 2, the
second 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 speed (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 second portions of the flow path 56
thereby changing 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.
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It should be noted that a step change in the depth of the channel will itself cause a
small loss in compression. Accordingly, in the example shown in Figure 1, the depth of
the second portion should be sufficient to compensate for such losses.

As shown in Figure 1, coincident with the axial steps 66, 70 in the fixed scroll
plate 42 are respective axial steps 72, 74 in the orbiting scroll wall 50. In this regard, at
the locations where the depth of the fixed scroll channel is increased or decreased, the
height of the orbiting scroll wall is decreased or increased 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 clearance therebetween is retained relatively small throughout the orbiting
motion. Preferably, as shown, the steps in the orbiting scroll wall are 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 are 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 second scroll pump define a multi-start arrangement in which dissimilar pumping is
applied 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 outlet 33 at a radially inner portion of the scrolls. Such a further inlet
may provide an intermediate, or booster, inlet for pumping at a pressure between the inlet

31 and the outlet 33.
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As shown in Figure 3, the fixed scroll 76 comprises 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 second 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 channel 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
separate. A plan view of the fixed scroll channel 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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Therefore, efficiency losses are minimised. In other words, a multi-start arrangement
causes a loss in efficiency 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
efficiency 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 comprises 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 generating 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 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 second
portion of the flow path, and wherein the first portion is closer to the inlet than the

second portion along the flow path.

A scroll compressor as claimed in claim 1, wherein the first portion of the flow

path is at the inlet thereby reducing the pumping capacity of the compressor.

A scroll compressor as claimed in claim 1 or 2, wherein the axial extent of the
trapped volume along a third portion of the flow path is different from the axial
extent of the trapped volume along at least one of the first portion and the second

portion.

A scroll compressor as claimed in claim 3, wherein the second portion 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 less than the axial extent of the

trapped volume along the first portion and the third portion.
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A scroll compressor as claimed in any one of the preceding claims, wherein the
scroll plate of at least one of said scrolls comprises an axial step between said
portions of the flow path thereby increasing or decreasing the axial extent of the

trapped volume at the axial step.

A scroll compressor as claimed in claim 5, wherein the or each axial step in the
scroll plate of one of the scrolls coincides with an axial step in the scroll wall of

the other of the scrolls.

A scroll compressor as claimed in claim 6, the axial steps of the scroll plate and
the coincident scroll wall are arcuate for reducing a clearance therebetween

throughout relative orbital motion of the scrolls.

A scroll compressor as claimed in claim 6 or 7, wherein one of the scrolls is fixed
and the other of the scrolls is arranged to orbit relative to the fixed scroll and the

or cach axial step is formed in the scroll plate of the fixed scroll.

A scroll compressor as claimed in claim 8, wherein the scroll wall and the scroll
plate of the fixed scroll form two channels extending from the inlet or from
respective inlets which converge to form a single channel which extends to the

outlet thereby providing a multi-start flow path between the inlet and the outlet.
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A scroll compressor as claimed in claim 9, wherein the first portions of the flow
paths extend along said two channels and the second portion of the flow paths

extends along said single channel.

A scroll compressor as claimed in claim 10, wherein the axial extent of the
trapped volume between the scrolls along said two channels is less than the axial

extent of the trapped volume along said single channel.

A scroll compressor as claimed in any one of the preceding claims, wherein a said
volume of gas is trapped between the scrolls on each side of the scroll wall of the
orbiting scroll and pumped from the inlet to the outlet and said respective volumes

of gas are pumped along respective flow paths between the inlet and the outlet.

A scroll compressor as claimed in any one of the preceding claims, wherein said
scroll walls have respective seals at axial ends thereof which seal against the

opposing scroll plate.

A scroll compressor as claimed in any one of the preceding claims, wherein said
first, second or third portions extend through at least 360° of the flow path or

paths.
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