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ECONOMIZED SPOOL COMPRESSOR

CROSS-REFERENCE TO RELATED APPLICATION
[0001] Benefit is claimed of U.S. Patent Application No. 62/146,624, filed April 13, 2015,
and entitled "Economized Spool Compressor”, the disclosure of which is incorporated by

reference herein in its entirety as if set forth at length.

BACKGROUND
[0002] The disclosure relates to spool compressors. More particularly, the disclosure relates

to economized spool compressors.

[0003] Spool compressors are a form of rotary positive displacement compressor disclosed
in United States Patent 8,113,805, of Kemp, issued February 14, 2012, and International
Application Publication WO 2014/116978 Al, of Torad Engineering, LLC, published July 31,
2014.

[0004] FIG. 1 shows an exemplary spool compressor 20 having a motor 22. The exemplary
compressor 1s a hermetic or semi-hermetic compressor wherein the motor falls within a case
of the compressor. In this example, the motor falls within an outer case or housing 24 and the
compressor further comprises an inner case or housing 26 within the outer case discussed
below. The outer case has a suction port or inlet port (inlet) 30 and a discharge port or outlet
port (outlet) 32. The exemplary inner case 26 further includes a suction port or inlet port
(inlet) 34 which may be connected to the outer case suction port 30 via an inlet conduit 36.
The inner case 26 further includes an outlet port. The inner case outlet port 40 (FIG. 3) is
closed by a reed valve 42 (FIG. 1). In the exemplary embodiment, the inner case discharge
port comprises two side-by-side ports. Although, in various embodiments, the discharge port
may be connected to the outer case discharge port via conduit, in the exemplary embodiment,

the discharge port 42 is open to the interior of the outer case.

[0005] Viewed alternatively, the inner case 26 may be treated as the case of a core
compressor 50 including the motor but not including the outer case and inlet conduit. In this
example, the ports 34 and 40 would be regarded as inlet and outlet ports of the core

compressor 50.
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[0006] FIG. 1 further shows a shaft 100 of the compressor extending into and mating with a
shaft (not shown) of the motor to allow the motor to drive the compressor. In an exemplary
configuration shown in FIG. 1, a central longitudinal axis 500 is shared by the motor, core
compressor, and outer case. In the exemplary illustrated embodiment, in the orientation of
FIG. 1, the central longitudinal axis 500 is oriented vertically with the outlet port being in a

top of the compressor. Other orientations of the compressor are possible.

[0007] FIG. 2 is an exploded view of the core compressor. The inner housing 26 is shown
comprising a main case (or housing) 54 and a bearing case (or housing) 56. The bearing case
carries a race of bearings (not shown) to rotationally support the shaft 100 for rotation about
the axis 500. In the assembled condition and FIG. 1 orientation, the bearing housing 56 is
atop the main housing 54 and secured thereto such as via threaded fasteners (e.g., screws,

bolts, studs).

[0008] A spool 78 of the core compressor comprises the combination of a rotor hub
member 80 and a pair of endplates 82 and 84. The exemplary hub member 80 comprises a
central hub portion 86 having respective first and second ends 88 and 90, an outer surface or
periphery 92, and a diametric through-slot 94 (having an opposed pair of openings to the
periphery 92). Protruding from the end faces 88 and 90 are respective shaft portions 100 and
102. In the exemplary FIG. 1 orientation, the face 88 is an upper face and face 90 is a lower

face.

[0009] The exemplary main housing 54 comprises a first end face 60 and a second end face
62. In the exemplary FIG. 1 orientation, the first end face is an upper end face and the second
end face is a lower end face. A compartment or chamber (cylinder) 64 is formed by a surface
66 extending axially through to the surfaces 60 and 62. This chamber 64 forms a cylinder of
the compressor. The suction port(s) and discharge port(s) are open to the surface 66 at
locations discussed further below. In the assembled condition, the length between the rotor
hub faces 88 and 90 is essentially the same as between the main housing faces 60 and 62 and
accommodated within the main housing. The endplates 82 and 84 are secured against the
faces 88 and 90 (e.g., via press fitting or fasteners) so that respective inboard faces 120 and
122 of these two plates are in sealing engagement with the faces 60 and 62 along outboard

portions of the plates. The exemplary sealing engagement may be provided by seal material
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(seals; not shown) carried by the main housing 54 or the plates. Thus, the plates 82 and 84
form the flanges of the spool.

[0010] FIG. 2 further shows a vane assembly 140 carried in the slot 94. An exemplary vane
assembly comprises a structural vane 142 having respective first and second longitudinal
edges 144A and 144B. The longitudinal edges may bear features (e.g., slots) for carrying a
respective tip seal 146A, 146B. The structural vane extends from a first end 148 to a second
end 150. Extending inward from the second end 150 is a stepped slot or compartment 152. A
distal end portion 154 of the slot 152 receives a roller 160 to help guide movement of the
vane as is discussed below. The exemplary roller 160 is supported for rotation about an axis
510 by a pin 162 received in a central bore of the roller. The pin 162 is held by a shaft 164 of
a support 166. The support 166 is mounted to the second face 62 of the main housing (e.g.,
via fasteners). The exemplary shaft 164 shares the axis 500 and is received in a central bore
of the shaft portion 102. This may be in a journal bearing relation. The axis 510 is parallel to
and offset from the axis 500 as is discussed further below. At the upper end of the core
compressor, the shaft portion 100 extends through the plate 82 and through the bearing with
an intermediate portion engaging the bearing inner race and a distal portion engaging the

motor shaft.

[0011] The roller 160 rotating about the axis 510 offset from the axis 500 serves the
function of the eccentric cam of other exemplary spool compressors to which the teachings

below may also be applied.

[0012] FIG. 3 shows the roller 160 in rolling/sliding engagement with opposite walls 155A
and 155B of the slot distal end portion 154. FIGS. 4, 5, and 6 show sequence of operational
conditions of the baseline compressor. The illustrations are notational views corresponding
approximately to a downward sectional view through the main housing of the FIG. 1
compressor but with FIGS. 4-6 showing the upper endplate superimposed. FIGS. 4-6 show an
outer periphery 170 of the endplate superimposed so as to extend beyond the inner surface 66
of the cylinder. FIG. 3 also shows the openings 180 and 182 of the respective suction port
and discharge port to the surface 66. In this condition, three pockets (volumes or chambers)
are formed in the cylinder. The pockets are separated by the two edges of the vane assembly
(e.g., provided by the seals) and by close fitting cooperation of the hub periphery 92 and the

surface 66 at one location (for reference defined as the twelve o'clock location at the top of

3
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the view). There is increasing clearance between the hub periphery and surface 66
progressively further away from the twelve o'clock position. Thus, a first volume or pocket
200 is seen between the twelve o'clock position and the next adjacent edge of the vane in the
direction of rotation 520 of the hub about its axis 500. A second pocket 202 is to the opposite
side of the vane from the first volume and from a third pocket 204 between the nearest vane

edge approaching the twelve o'clock position.

[0013] In the exemplary FIG. 4 condition, the first volume 200 is fully exposed to the
opening 180 (e.g., as viewed in FIG. 4 a seal has just passed the clockwise-most extreme of
the opening 180). With further rotation (e.g., see transition to FIG. 5) the volume of this
pocket increases to draw in fluid from the suction port. Accordingly, during this stage this
pocket may be referred to as a suction volume or suction port. In the FIGS. 4 and 5 example,
the second pocket 202 has already received its charge of fluid and it may be compressing that
charge. The third pocket 204 may be discharging through the discharge port. Initially, when a
pocket is exposed to the discharge port, back pressure from discharge conditions and from
any bias on the discharge valve may prevent discharge until sufficient compression has

occurred to overcome these forces.

[0014] FIG. 6 shows a condition wherein the vane has just begun to occlude the opening
182 of the discharge port. Once the seal fully equips as the discharge port, there may be some
small volume between the seal and the twelve o'clock position wherein fluid will be
compressed. This fluid may end up blowing by the seal back to discharge or blowing between
the hub and chamber surface to suction conditions. It is thus seen that a given pocket or
volume will sequentially transition between being a suction pocket, a compression pocket,
and a discharge pocket. However, depending upon context, the term "compression pocket"

may be used to indicate any pocket in any of these conditions.

SUMMARY
[0015] One aspect of the disclosure involves a spool compressor comprising a housing
having an inlet port and an outlet port. A spool is mounted for rotation about a spool axis. A
first endplate of the spool has a pair of ports. The housing has at least one port positioned to

cyclically communicate with the pair of ports during said rotation.
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[0016] In one or more embodiments of any of the other embodiments, a leading edge of a
cylinder opening (182) to the outlet port commences within 30° of a top-dead-center location

along the cylinder.

[0017] In one or more embodiments of any of the other embodiments, the at least one port
comprises: a first port positioned to communicate with a pocket of the spool during a first
portion of spool rotation; and a second port positioned to communicate with the pocket

during a second portion of spool rotation different from the first portion.

[0018] In one or more embodiments of any of the other embodiments, the at least one port
comprises a port positioned to communicate with a pocket of the spool during a portion of

spool rotation after a completion of closing the pocket to the inlet port.

[0019] In one or more embodiments of any of the other embodiments, the port is sized to
maintain the communication with the pocket of the spool until volume of the pocket reaches a
first predetermined ratio between 0.50 and 1.0 relative to the volume at the completion of

closing the pocket to the inlet port.

[0020] In one or more embodiments of any of the other embodiments, the at least one port
comprises a port positioned to begin to communicate with a pocket of the spool during a
portion of spool rotation after a start of compression of the pocket but before a completion of

compression of the pocket.

[0021] In one or more embodiments of any of the other embodiments, the port is sized to
begin the communication with the pocket of the spool when the volume of the pocket isin a
range between 0.05 and 0.50 relative to a volume of the pocket at a closing the pocket to the

inlet port.

[0022] In one or more embodiments of any of the other embodiments, the housing further
comprises a cylinder having a central longitudinal axis, a first end, and a second end. The
spool has a hub having an outer surface accommodated within the cylinder. The hub has a
slot having a first opening to the hub outer surface and a second opening to the hub outer
surface. A vane is accommodated in the slot for reciprocal movement relative to the hub and

has a first edge and a second edge both in sealing contact or proximity with an inner surface
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of the cylinder. The first endplate is at the first cylinder first end and is configured to rotate
with the hub as a unit about the spool axis. A first port of the pair of ports is to a first side of

the vane and the second port of the pair of ports is to a second side of the vane.

[0023] In one or more embodiments of any of the other embodiments, the spool has: a
second endplate at the cylinder second end and configured to rotate with the hub as a unit

about the spool axis.

[0024] In one or more embodiments of any of the other embodiments, the vane comprises:
a vane body; a first tip seal forming the first edge of the first vane; and a second tip seal

forming the second edge of the first vane.

[0025] In one or more embodiments of any of the other embodiments, the spool further
comprises one or both of: a motor coupled to the spool to drive said rotation; and a one-way

discharge valve.

[0026] In one or more embodiments of any of the other embodiments, the housing is an
inner housing and an outer housing encloses the inner housing and has an inlet port and an

outlet port, the outer housing optionally enclosing an electric motor.

[0027] In one or more embodiments of any of the other embodiments, a vapor compression
system comprises the spool compressor and further comprises: a heat rejection heat
exchanger coupled to the outlet port along a flowpath extending from the outlet port and
returning to the inlet port; and a heat absorption heat exchanger coupled to the inlet port

along the flowpath.

[0028] In one or more embodiments of any of the other embodiments, the system further
comprises: a branch flowpath between the at least one port and the flowpath; a shut-off valve

coupled to the at least one port along the branch flowpath; and a controller.

[0029] In one or more embodiments of any of the other embodiments, the branch flowpath

is an economizer flowpath and the at least one port is an economizer port.
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[0030] In one or more embodiments of any of the other embodiments, the system further
comprises an expansion device between the heat rejection heat exchanger and the heat

absorption heat exchanger.

[0031] Another aspect of the disclosure involves a method for operating a spool
compressor. The compressor has: a housing having a suction port and a discharge port; and a
spool having a hub and an endplate, a first port and a second port. The method comprises:
driving rotation of the spool about a spool axis. The rotation cyclically alternatingly brings

the first port and the second port into communication with an additional port of the housing.

[0032] In one or more embodiments of any of the other embodiments, the rotation brings
each port of the first port and the second port into said communication with the additional

port after a pocket associated with said each port is closed to the suction port.

[0033] In one or more embodiments of any of the other embodiments, the rotation brings
each port of the first port and the second port into said communication with a first said
additional port and a second said additional port. The communication with first said

additional port ends before the communication with the second said additional port begins.

[0034] In one or more embodiments of any of the other embodiments, the rotation brings
each port of the first port and the second port into said communication with the additional

port overlapping communication of the pocket to the discharge port.

[0035] In one or more embodiments of any of the other embodiments, a controller controls
a valve coupled to the additional port to admit flow when a pressure ratio between the

discharge port and the suction port reaches a threshold value.

[0036] The details of one or more embodiments are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] FIG. 11is a view of a prior art baseline spool compressor with outer case shown in

broken lines.
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[0038] FIG. 2 is a partial exploded view of a core compressor of the compressor of FIG. 1.

[0039] FIG. 3 is a partially schematic transverse sectional view of a spool compressor in an

instance during a cycle.

[0040] FIG. 4 is a partially schematic transverse sectional view of a spool compressor in

another instance during the cycle.

[0041] FIG. 5 is a view of the compressor of FIG. 4 in an instance subsequent to FIG. 4.

[0042] FIG. 6 is a view of the compressor of FIG. 4 in an instance subsequent to FIG. 5.

[0043] FIG. 7 is a partial exploded view of a core compressor modified relative to the FIG.

2 configuration.

[0044] FIG. 8 is a partially schematic transverse sectional view of a spool compressor

modified relative to the FIG. 3 configuration in a similar instance during a cycle.

[0045] FIG. 9 is a partially schematic transverse sectional view of the modified spool

compressor at an instance during a cycle corresponding to the FIG. 4 baseline.

[0046] FIG. 10 is a view of the compressor of FIG. 9 in an instance subsequent to FIG. 9.

[0047] FIG. 11 is a view of the compressor of FIG. 9 in an instance subsequent to FIG. 10.

[0048] FIG. 12 is a view of a further modified compressor in an instance corresponding to

the FIG. 4 baseline.

[0049] FIG. 13 is a view of the compressor of FIG. 12 in an instance subsequent to FIG. 12.

[0050] FIG. 14 is a view of the compressor of FIG. 12 in an instance subsequent to FIG. 13.

[0051] FIG. 15 is a view of the compressor of FIG. 12 in an instance subsequent to FIG. 14.
8
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[0052] FIG. 16 is a view of the compressor of FIG. 12 in an instance subsequent to FIG. 15.

[0053] FIG. 17 is a view of the compressor of FIG. 12 in an instance subsequent to FIG. 16.

[0054] FIG. 18 is a schematic view of a vapor compression system.

[0055] FIG. 19 is a partially schematic transverse sectional view of a spool compressor

modified relative to the FIG. 3 configuration in a top-dead-center instance during a cycle.

[0056] Like reference numbers and designations in the various drawings indicate like

elements.
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DETAILED DESCRIPTION
[0057] FIG. 7 shows a first modification of the baseline compressor described above and
illustrated in FIGS. 1-6. Details not illustrated or described may be the same for this
compressor 250 as those of the illustrated baseline or other baseline spool compressor. The
basic components of the compressor are described using the same numerals as FIGS. 1-6 with

additional numerals for additional features.

[0058] The first modification places a pair of ports 300A and 300B in one of the endplates
(the upper endplate 82 in this example). Each of the ports is open to the two opposite faces of
the endplate. The ports 300A and 300B are positioned to cooperate with one or more housing
ports at one or more instances in the cycle. In the exemplary embodiment, a housing port 310
is formed in the bearing housing having one end (proximal end) open to an inner/lower
surface of the housing in sealing engagement with the endplate 82 and another end (distal
end) which may be fluidly connected to some other component in order to remove fluid from
or introduce fluid to the pockets during the cycle. In the exemplary embodiment, the distal
end of the port 310 is connected by a fluid line 320. The fluid line 320 may ultimately be
connected to, for example, an economizer line of a vapor compression system (discussed
below). Thus, in the hermetic or semi-hermetic compressor configuration of FIG. 1, the line
320 may extend to a port/fitting on the outer case to which an economizer line or other line is
connected. A valve 322 (either internal or external to the compressor) may be positioned to

control fluid flow through the port 310.

[0059] A further optional modification (FIG. 8) shifts the positioning of the ports, namely
the circumferential positioning and/or span of the openings 180 and 182. The beginning
(leading edge) of the opening 180 is shifted to earlier in the cycle, thus increasing the
circumferential span of the opening 180. The entire opening 182 is shifted to later in the
cycle, thus leaving a very small gap between the end of the opening and 182 and the
beginning of the opening 180 (e.g., the gap is just at the closest proximity location of hub and

cylinder (i.e. the twelve o’clock position in the views)).

[0060] As viewed in FIG. 8, the leading edge of the opening 180 is the left
(counterclockwise) edge and is shifted to within a few degrees (about the roller axis 510 or
other central axis of the bore in a non-roller embodiment) of the twelve o'clock or
“top-dead-center” position or location (e.g., within 10° or within 5°).

10
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[0061] As viewed in FIG. 8, the trailing edge of the opening 182 is the right (clockwise)
edge and is shifted to within a few degrees of the twelve o'clock or “top-dead-center” position
or location (e.g., within 10° or within 5°). As viewed in FIG. 8, the leading edge of the
opening 182 is the left (counterclockwise) edge and is shifted to within about thirty degrees
of the twelve o'clock or “top-dead-center” position or location (e.g., within 25° or within 20°

or within 15°).

[0062] To avoid blow-by the circumferential span of the discharge port may be less than
the circumferential span of the seals 146A,146B or vane edge (even if larger than the seal, if
smaller than the vane edge only small gaps will briefly open. In this way, at most one pocket
is exposed to discharge at a given time. For ease of illustrating the discharge port, it is,

however, shown with a larger opening circumferential span than the seal.

[0063] FIGS. 9-11 are views corresponding to vane positions (orientations during the
cycle) of FIGS. 4-6 but also showing positions of the ports 300A, 300B, and 310. In the FIG.
9 condition, the ports 300A and 300B are blocked by the upper housing and the port 310 is
blocked by the upper endplate. However, in FIG. 10, the rotation has brought the port 300A
into full communication with the port 310. As noted previously, this communication may be
used to either inject further fluid into the pocket 202 or withdraw fluid from that pocket. In
the exemplary embodiment, the positioning is shown relatively early in compression and,
therefore, likely associated with an economizer injection. In the FIG. 11 condition, the port
300A has just rotated out of communication with the port 310 and is again blocked by the
upper housing. Continued rotation will bring the port 300B into communication with the port

310 as was described for the port 300A.

[0064] FIGS. 12-17 show an alternate configuration wherein an additional port 312 is
provided in the housing for communication with the ports 300A and 300B. The exemplary
embodiment shows port 312 in addition to the port 310. However, a similar port could be
used alone or in combination with yet other ports. In the FIG. 15 condition, the port 300B
passes into communication with the port 312. In one example, the port 312 is connected to
the discharge port. The registry/communication between ports 300A and 300B and the port
312 has the effect of increasing an effective discharge port cross-sectional area, thereby

improving flow. This may help in facilitating the shift of the discharge port relative to the
11
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FIG. 3 illustration. It also may help in keeping the circumferential span of the discharge port
opening low and thus keeping seal circumferential span low to improve efficiency and

capacity.

[0065] FIG. 18 shows a vapor compression system 900 containing an exemplary modified
compressor 250. In this example, the line 320 of FIG. 7 is an internal line connecting to an
economizer port 330 on the outer case. A main refrigerant flowpath 902 includes a leg
formed by a discharge line 904 extending from the compressor outlet or discharge port 32 to
the inlet of a heat rejection heat exchanger (e.g., condenser) 906. The exemplary main
flowpath 902 proceeds downstream from the outlet of the heat rejection heat exchanger 906
with an economizer branch 908 branching off at a junction 910 to return to the economizer
port 330. The main refrigerant flowpath 902 proceeds downstream from the junction 910 to
the compressor suction port 30. The main flowpath passes from the junction 910 through an
expansion device (e.g., expansion valve) 912 and a heat absorption heat exchanger 914 to a
suction line 916. The exemplary heat exchangers 906 and 914 are refrigerant-air heat
exchangers with fan-forced airflows. Alternative heat exchangers include refrigerant-water

heat exchangers (e.g., in chiller use).

[0066] An exemplary economizer 920 includes an economizer heat exchanger 922 having a
first leg 924 along the main flowpath 902 upstream of the expansion device 912 and a second
leg 926 in heat exchange with the first leg. The second leg is along the economizer flowpath
908 downstream of an economizer expansion device (e.g., expansion valve) 928. Alternative
economizers include flash tank economizers. In economizer operation, refrigerant is bypassed
through the economizer line (e.g., via control of valves 322 and/or 928) 930 passing along the
economizer flowpath. The refrigerant flowing along the economizer flowpath is expanded by
the expansion device 928 reducing its temperature. The reduced temperature refrigerant in the
economizer leg 926 cools refrigerant in the main flowpath leg 924 prior to the expansion of

that main flowpath leg refrigerant in the expansion device 912.

[0067] FIG.18 further shows a controller 950. The controller may receive user inputs from
an input device (e.g., switches, keyboard, or the like) and sensors (not shown, e.g., pressure
sensors and temperature sensors at various system locations). The controller may be coupled
to the sensors and controllable system components (e.g., valves, the bearings, the compressor

motor, vane actuators, and the like) via control lines (e.g., hardwired or wireless

12
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communication paths). The controller may include one or more: processors; memory (e.g.,
for storing program information for execution by the processor to perform the operational
methods and for storing data used or generated by the program(s)); and hardware interface
devices (e.g., ports) for interfacing with input/output devices and controllable system

components.

[0068] One possible control modification involves control of flow through the port 310.
With a simple reed valve as the discharge valve, the discharge valve opens early when the
compressor discharge pressure (condenser temperature) is low, and opens late when the
discharge pressure (condenser temperature) is high. The controller may close the valve 322
when the discharge pressure is low. This will prevent the discharge gas flowing back into the
port 310 when the reed valve opens early. This configuration allows the port 310 to be made
bigger (to maintain more overlapping time with the ports 300A, 300B) so that it can introduce

more economized gas to the compression volume.

[0069] In one example, the system may be operated in the economized mode when a ratio
between the discharge pressure (Pdischarge) and the suction pressure (Psuction) reaches a
threshold value. The threshold value may be calculated via a formula using the maximum
pocket volume (Vmax) and pocket volume at the time of closing of the pocket to the
economizer port 310 (Viater). Thus, the calculation may be performed during engineering of
the system and its result configured into the system (e.g., via programming into the

controller).

[0070] An exemplary formula may be:

K
])disch arge _ Vmax
P v,

suction later

where K is a polytropic exponent of a refrigerant ranging from 1.1 to 1.4.

[0071] FIG. 19 shows a further variation where one or both ports 310, 312 are
circumferentially elongated as arcuate obrounded slots having respective circumferential ends
310-1,310-2 and 312-1 and 312-2. FIG. 19 also shows zones 610 and 612 that the two ports

may occupy. The exemplary port 310 is essentially the full circumferential extent of the zone
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610; the port 312 is slightly smaller than the circumferential extent 612 with its leading

(opening) end 312-1 somewhat recessed relative to the corresponding end of the zone 612.

[0072] The exemplary FIG. 19 port 310 is exposed to a pocket via the associated port
300A, 300B at the start of compression when pocket volume is maximum (Vmax).
Communication ends sometime later (e.g., when the pocket has compressed to half its
maximum volume: Viaer). FIG 19 shows a reference dot on the vane merely to distinguish
one end or side from the other. The dot is initially at top dead center, prior to opening to
suction of the pocket trailing the dot. After approximately 270° of rotation the pocket will
open to the port 310 via the associated port 300A or 300B. After approximately 360° of
rotation the pocket will close to the port 310. In general, the port 310 may be positioned and
sized so that the port remains in communication with the pocket from after opening of
communication until pocket volume reaches a predetermined value. The value may be
expressed as a ratio of pocket volume to the pocket volume at closing of the pocket to the
suction port. An exemplary ratio is between 0.50 and 1.0, more narrowly between 0.50 and

0.95, or between 0.50 and 0.75.

[0073] The exemplary FIG. 19 port 312 is exposed to that pocket via the associated port
300A, 300B at some time after closing to the port 310 (e.g., after approximately 360° of
rotation, with about 45° thereafter for the illustrated end 312-1). Communication ends
sometime later (e.g., when the pocket closes to discharge at bit shy of 540°). In general, the
port 312 may be positioned and sized so that the port begins communication with the pocket
only after compression of the pocket volume to a predetermined value. The value may be
expressed as a ratio of pocket volume to the pocket volume at closing of the pocket to the
suction port. An exemplary ratio is between 0.05 and 0.50, more narrowly between 0.10 and

0.50, or between 0.20 and 0.50.

[0074] The use of “first”, “second”, and the like in the description and following claims is
for differentiation within the claim only and does not necessarily indicate relative or absolute
importance or temporal order. Similarly, the identification in a claim of one element as “first”
(or the like) does not preclude such “first” element from identifying an element that is

referred to as “second” (or the like) in another claim or in the description.
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[0075] Where a measure is given in English units followed by a parenthetical containing SI
or other units, the parenthetical’s units are a conversion and should not imply a degree of

precision not found in the English units.

[0076] One or more embodiments have been described. Nevertheless, it will be understood
that various modifications may be made. For example, when applied to an existing basic
system, details of such configuration or its associated use may influence details of particular

implementations. Accordingly, other embodiments are within the scope of the following

claims.
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CLAIMS

What is claimed is:

1. A spool compressor (250) comprising:
a housing (26) comprising:
an inlet port (34); and
an outlet port (40); and
a spool (78) mounted for rotation about a spool axis (500),
wherein:
a first endplate (82) of the spool has a pair of ports (300A, 300B); and
the housing has at least one port (310, 312) positioned to cyclically communicate with the

pair of ports during said rotation.

2. The spool compressor of claim 1 wherein:
a leading edge of a cylinder opening (182) to the outlet port commences within 30° of a

top-dead-center location along the cylinder.

3. The spool compressor of claim 1 wherein:
the at least one port comprises:
a first port (310) positioned to communicate with a pocket of the spool during a
first portion of spool rotation; and
a second port (312) positioned to communicate with the pocket during a second

portion of spool rotation different from the first portion.

4. The spool compressor of claim 1 wherein:
the at least one port comprises: a port (310,312) positioned to communicate with a pocket
of the spool during a portion of spool rotation after a completion of closing the pocket

to the inlet port.

5. The spool compressor of claim 4 wherein:
the port (310) is sized to maintain the communication with the pocket of the spool until
volume of the pocket reaches a first predetermined ratio between 0.50 and 1.0 relative

to the volume at the completion of closing the pocket to the inlet port.
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6. The spool compressor of claim 1 wherein:
the at least one port comprises:
a port (310,312) positioned to begin to communicate with a pocket of the spool
during a portion of spool rotation after a start of compression of the pocket but

before a completion of compression of the pocket.

7. The spool compressor of claim 6 wherein:
the port (312) is sized to begin the communication with the pocket of the spool when the
volume of the pocket is in a range between 0.05 and 0.50 relative to a volume of the

pocket at a closing the pocket to the inlet port.

8. The spool compressor of claim 1 wherein:
the housing further comprises:
a cylinder (64) having a central longitudinal axis, a first end, and a second end;
the spool has:
a hub (80) having:
an outer surface (92) accommodated within the cylinder; and
a slot (94) having a first opening to the hub outer surface and a second
opening to the hub outer surface;
a vane (140) accommodated in the slot for reciprocal movement relative to the
hub and having:
a first edge and a second edge both in sealing contact or proximity
with an inner surface (66) of the cylinder; and
said first endplate at the first cylinder first end and configured to rotate with the
hub as a unit about the spool axis; and
a first port (300A) of the pair of ports is to a first side of the vane and the second port
(300B) of the pair of ports is to a second side of the vane.

9. The spool compressor of claim 8 wherein:
the spool has:
a second endplate (84) at the cylinder second end and configured to rotate with the

hub as a unit about the spool axis.

10. The spool compressor of claim 8 wherein:
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the vane comprises:
a vane body (142);
a first tip seal (146A) forming the first edge of the first vane; and
a second tip seal (146B) forming the second edge of the first vane.

11. The spool compressor of claim 1 further comprising one or both of:
a motor (22) coupled to the spool to drive said rotation; and

a one-way discharge valve (42).

12. The spool compressor of claim 1 wherein:
the housing is an inner housing; and
an outer housing (24) encloses the inner housing and has an inlet port (30) and an outlet

port (32), the outer housing optionally enclosing an electric motor (22).

13. A vapor compression system (900) comprising the spool compressor of claim 1
and further comprising:
a heat rejection heat exchanger (906) coupled to the outlet port along a flowpath (902)
extending from the outlet port and returning to the inlet port; and

a heat absorption heat exchanger (914) coupled to the inlet port along the flowpath.

14. The system of claim 13 further comprising:
a branch flowpath (908) between the at least one port and the flowpath;
a shut-off valve (322) coupled to the at least one port along the branch flowpath; and
a controller (950).

15. The system of claim 14 wherein:
the branch flowpath is an economizer flowpath and the at least one port is an economizer

port (310).

16. The system of claim 13 further comprising:
an expansion device (912) between the heat rejection heat exchanger and the heat

absorption heat exchanger.

17. A method for operating a spool compressor (250), the compressor having:
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a housing (26) having a suction port (34) and a discharge port (40); and
a spool (78) having a hub (80) and an endplate (82), a first port (300A) and a second port
(300B),
the method comprising:
driving rotation of the spool about a spool axis (500); and
the rotation cyclically alternatingly bringing the first port and the second port into

communication with an additional port (310, 312) of the housing.

18. The method of claim 17 wherein:
the rotation brings each port of the first port and the second port into said communication
with the additional port (310, 312) after a pocket associated with said each port is

closed to the suction port.

19. The method of claim 17 wherein:
the rotation brings each port of the first port and the second port into said communication
with a first said additional port (310) and a second said additional port (312), the
communication with first said additional port ending before the communication with

the second said additional port begins.

20. The method of claim 17 wherein:
the rotation brings each port of the first port and the second port into said communication
with the additional port (312) overlapping communication of the pocket to the
discharge port.

21. The method of claim 17 wherein:
a controller controls a valve (322) coupled to the additional port (310) to admit flow when
a pressure ratio between the discharge port and the suction port reaches a threshold

value.
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