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An example centrifugal compressor 322 includes a housing 140 that defines an inlet chamber 44
and includes first and second openings 148, 50 that define a recirculation passage 52 in fluid communication
with the inlet chamber 44. An impeller 56 is disposed
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Description
[0001] This application relates to centrifugal compressors, and more particularly to a centrifugal compressor
with a variable recirculation passage.
[0002] Centrifugal compressors are known, and utilize
an impeller that rotates about an axis to draw fluid into
the compressor and compress the fluid to an outlet. The
fluid is directed radially outward from the axis through a
diffuser passage that increases a pressure of the fluid to
a collector area.
[0003] Compressor maps are a known way of charting
compressor operating conditions, in which the Y axis represents a pressure ratio and the X axis represents a mass
of flow through the compressor. The left hand boundary
of a compressor map represents a surge boundary, and
operation to the left of that line represents a region of
flow instability. Operation in this region is undesirable
because it can cause pressurized refrigerant gas to backflow in a compressor.
[0004] Some centrifugal compressors include a ported
shroud that surrounds an inlet area of the compressor
for providing a recirculation passage. This helps to move
the surge line and provide stability at lower load conditions. However, the recirculation passage can cause reduced efficiency at loads away from surge.
[0005] An example centrifugal compressor includes a
housing that defines an inlet chamber and includes first
and second openings that define a recirculation passage
in fluid communication with the inlet chamber. An impeller
is disposed within the housing and is rotatable about a
longitudinal axis to draw fluid into the inlet chamber. The
first and second openings are at different axial locations
along the longitudinal axis. A plurality of inlet guide vanes
are rotatable and situated in the inlet chamber. The centrifugal compressor includes a ring and a controller for
moving the ring along the longitudinal axis between a
first position and a second position when rotating the inlet
guide vanes. The ring obstructs at least one of the first
and second openings more in the second position than
in the first position.
[0006] The embodiments, examples, and alternatives
of the preceding paragraphs, the claims, or the following
description and drawings, including any of their various
aspects or respective individual features, may be taken
independently or in any combination. Features described
in connection with one embodiment are applicable to all
embodiments, unless such features are incompatible.
[0007] Certain preferred embodiments will now be described by way of example only and with reference to the
accompanying drawings in which:
Figure 1 is a schematic view of a refrigeration circuit;
Figure 2A schematically illustrates a centrifugal compressor having a first control arrangement for a ring,
and a recirculation passage that is open;
Figure 2B schematically illustrates the centrifugal
compressor of Figure 2A with its recirculation pas-
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sage closed;
Figure 2C schematically illustrates a mechanical
coupling between an inlet guide vane and a moveable ring, with the ring in a first position;
Figure 2D schematically illustrates the mechanical
coupling of Figure 2C with the ring in a second position;
Figure 2E schematically illustrates a moveable ring;
Figure 2F schematically illustrates a cross section
of the centrifugal compressor of Figure 2B taken
along line C-C;
Figure 3 schematically illustrates a centrifugal compressor having another control arrangement for a
ring;
Figure 4A schematically illustrates a centrifugal compressor having another control arrangement for a
ring;
Figure 4B is a schematic view of an actuator configuration for the control arrangement of Figure 4A;
Figure 5 schematically illustrates a centrifugal compressor with a sloped opening;
Figure 6A schematically illustrates a centrifugal compressor with radial inlet guide vanes in an open position;
Figure 6B schematically illustrates the centrifugal
compressor of Figure 6A with the radial inlet guide
vanes in a closed position;
Figure 6C illustrates a centrifugal compressor that
utilizes radial inlet guide vanes and a recirculation
passage;
Figure 6D schematically illustrates a ring for selectively restricting an opening of the recirculation passage of Figure 6C;
Figure 7 schematically illustrates a compressor that
includes multiple inlet chambers and both axial and
radial inlet guide vanes; and
Figure 8 schematically illustrates a method of operating a centrifugal compressor.
[0008] Figure 1 is a schematic view of an example refrigeration circuit 20 that includes a compressor 22, a first
heat exchanger 24, an expansion device 26, and a second heat exchanger 28. Refrigerant is compressed in the
compressor 22, and exits the compressor 22 at a high
pressure and a high enthalpy, and flows to the first heat
exchanger 24.
[0009] The first heat exchanger 24 operates as a condenser. In the first heat exchanger 24, refrigerant flows
through a coil 30 and rejects heat to air that is drawn over
the coil 30 by a blower fan 32. In the first heat exchanger
24, refrigerant is condensed into a liquid that exits the
first heat exchanger 24 at a low enthalpy and a high pressure. The heat rejection medium could be water in a shell
and tube arrangement, for example.
[0010] The refrigerant flows from the first heat exchanger 24 to an expansion device 26, such as an expansion valve, that expands the refrigerant to a low pressure. After expansion, the refrigerant flows through the
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second heat exchanger 28, which operates as an evaporator. A blower fan 34 draws air through the second heat
exchanger 28 and over a coil 36. The refrigerant flowing
through the coil 36 accepts heat from air, exiting the second heat exchanger 28 at a high enthalpy and a low pressure. The refrigerant then flows to the compressor 22,
completing its refrigeration cycle. The cooling medium
could be water in a shell and tube arrangement, for example.
[0011] Figure 2A schematically illustrates a centrifugal
compressor 22 that may be used in the refrigeration circuit 20 of Figure 1. The centrifugal compressor 22 includes a housing 40 that defines an inlet 42, an inlet
chamber 44, and includes a ported shroud 45 that surrounds an impeller 56. The housing 40 includes a first
opening 48 and a second opening 50 that define a recirculation passage 52 in fluid communication with the inlet
chamber 44. In the example of Figure 2A, the ported
shroud 45 and recirculation passage 52 are annular and
extend circumferentially around a longitudinal axis A, and
the openings 48, 50 extend between the inlet chamber
44 and the recirculation passage 52. Also, in the example
of Figure 2A, the opening 48 is an opening between portions 45A-B of the ported shroud 45.
[0012] The impeller 56 is situated within the housing
40 and rotates about the longitudinal axis A to draw fluid
through the inlet 42 into the inlet chamber 44. The fluid
passes from a fluid line 23 (see Figure 1) through inlet
guide vanes 58 to the impeller 56, and is compressed.
The compressed fluid, here a refrigerant, passes through
a diffuser passage 60 and into a collector 62. The compressed fluid then passes into line 25 (see Figure 1). A
motor 64 rotates the impeller 56 by rotating a shaft 66
that is collinear with the longitudinal axis A.
[0013] The first opening 48 and second opening 50 are
located at different axial locations along the longitudinal
axis A, with the first opening 48 at location L1 and the
second opening 50 at location L2. The second opening
50 is closer to the inlet 42 than the first opening 48. In
one example, opening 48 is located between a leading
edge 53 and a trailing edge 54 of the impeller 56.
[0014] A ring 70 is movable along the longitudinal axis
A between a first position (shown in Figure 2A) in which
a majority of the ring 70 is axially between the first opening
48 and second opening 50, and a second position (shown
in Figure 2B). The ring 70 obstructs the second opening
50 more in the second position than in the first position.
Through inclusion of the ring 70, the recirculation passage 52 is variable between different configurations.
[0015] A leading edge of the ring 70 in the first position
is shown as PI, and a leading edge of the ring 70 in the
second position is shown as P2. In the example of Figure
2A the entire ring 70 is between the first and second
openings 48, 50, and in the example of Figure 2B the
entire second opening 50 is obstructed by the ring 70.
Of course, other configurations could be used, such as
partial obstruction in the first position and greater but not
full obstruction in the second position.
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[0016] A wall 72 separates the inlet chamber 44 from
the recirculation passage 52 of the ported shroud 45. In
the example of Figures 2A-B the ring 70 abuts a radially
inner side 74 of the wall 72. The wall 72 includes a portion
45A of the ported shroud 45.
[0017] A plurality of the inlet guide vanes 58 extend
radially outward from the longitudinal axis A and are rotatable about respective axes of rotation B that extend
radially outward from the longitudinal axis A. The inlet
guide vanes 58 are rotatable between an open position
that maximizes flow (Figure 2A) and a closed position
that minimizes flow (Figure 2B). In the example of Figures
2A-B, the inlet guide vanes 58 are located at an axial
location that is between the first axial location L1 and the
second axial location L2.
[0018] A controller 82 is configured to move the ring
70 along the longitudinal axis A between the first and
second positions when the inlet guide vanes 58 rotate.
In the example of Figures 2A-B, some or all of the inlet
guide vanes 58 are mechanically coupled to the ring 70
such that rotation of the inlet guide vanes 58 provides
axial movement of the ring 70 along the longitudinal axis
A between the first and second positions.
[0019] Figure 2C schematically illustrates a mechanical coupling between an inlet guide vane 58 and the ring
70. The ring 70 has a set of coil springs 86 (e.g., 4 or 6)
attached that contact the ring 70 at one end and are disposed at an opposing end in a recess 87 of a recessed
ring 89 that is bolted to portion 88 of the housing 40. An
o-ring 83 provides a seal between the ring 70 and wall
72. The ring 70 has openings 85 that axially align with
the second opening 50 when the guide vanes 58 are in
full open position (see Figure 2C). The springs 86 push
the ring 70 against the guide vane 58. When the guide
vanes 58 close (see Figure 2D), the springs 86 move the
ring 70 axially as shown in Figures 2C-D. Figure 2E illustrates a ring which includes a plurality of openings 85
that are circumferentially spaced apart from each other
around the ring 70. Of course, it is understood that other
types of mechanical couplings could be used in which
rotation of the inlet guide vanes 58 provides axial movement of the ring 70 along the longitudinal axis A could be
used, such as those of Figures 3 and 4A-B.
[0020] The inlet guide vanes 58 are rotatable to control
flow to the impeller 56. In the example of Figures 2A-B,
as the inlet guide vanes 58 rotate to reduce flow to the
impeller 56, the ring 70 moves towards the first position
to decrease obstruction of the second opening 50, and
as the inlet guide vanes 58 rotate to increase flow to the
impeller 56, the ring 70 moves towards the second position to increase obstruction to the second opening 50.
[0021] Actuators 80 provide for rotation of the inlet
guide vanes 58. The actuators 80 are in communication
with the controller 82. The controller 82 is configured to
move the ring 70 between the first and second positions
by rotating the inlet guide vanes 58 based on a load level
of the centrifugal compressor 22. The controller 82 receives pressure information from a pressure sensor 84A
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in the inlet chamber 44, a pressure sensor 84B in the
collector 62, and optionally also a speed sensor 84C that
measures a rotational speed of the shaft 66. In one example, the motor 64 rotates the shaft 66 at a fixed constant speed and the speed sensor 84C is omitted.
[0022] The controller 82 uses the sensor readings from
the sensors 84A-C and a rotational angle of the inlet guide
vanes 58 to determine a load of the centrifugal compressor 22. In one example, as part of its load calculations,
the controller 82 determines a ratio between pressure
readings of the pressure sensors 84A and 84B and determines a mass of flow to the impeller 56 based on an
angle of the inlet guide vanes 58 and a rotational speed
of the impeller 56. In one example, the controller 82
moves the ring 70 towards the first position to decrease
obstruction to the second opening 50 at lower load levels
and moves the ring 70 towards the second position to
increase obstruction to the second opening 50 at higher
load levels.
[0023] Figure 2F schematically illustrates a cross section of the centrifugal compressor 22 taken along line CC in Figure 2B. In the example of Figure 2C, the second
opening 50 comprises a plurality of curved slots 50A-I
that are separated by wall portions 72A-H of the wall 72.
The wall portions 72A-H connect the wall 45 to a front
portion 88 of the housing 40. The opening 48 can be
configured in a similar fashion as a plurality of curved
slots separated by connecting portions that connect the
two portions 45A-B of the ported shroud 45 to each other.
[0024] In this disclosure, like reference numerals designate like elements where appropriate and reference
numerals with the addition of one-hundred or multiples
thereof designate modified elements that are understood
to incorporate the same features and benefits of the corresponding elements.
[0025] Figure 3 schematically illustrates a centrifugal
compressor 122 having another control arrangement for
a ring 170. In the example of Figure 3, the ring 170 resides
radially outward of the inlet chamber 44 and wall 45, and
abuts a radially outer side 76 of the wall 72 in the recirculation passage 52. The ring 170 is axially movable between a first position (shown in Figure 3) in which the
ring 170 is axially between openings 48, 50 to a closed
position where the ring 170 partially or fully obstructs the
opening 50 along the radially outer side 76 of the wall
72. A plurality of actuators 90 are situated in the ported
shroud 45 and are circumferentially spaced apart from
each along the radially outer side 76 of the wall 72. In
one example, each of the actuators is located at a same
axial position, and optionally the actuators 90 are evenly
circumferentially spaced apart from each other.
[0026] The actuators 90 work cooperatively to evenly
apply force to the ring 170 for moving the ring towards
the front portion 88 or away from the front portion 88.
Controller 82 is operatively connected to the actuators
90 for controlling their operation based on one or more
sensors 84 (not shown), such as the pressure sensors
84A-B and optionally also speed sensor 84C shown in
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Figures 2A-B. Actuators 180 are configured to rotate the
inlet guide vanes 58. In the example of Figure 3, the actuators 180 extend through openings 92 in the ring 170.
[0027] Figure 4A schematically illustrates a centrifugal
compressor 222 having another control arrangement for
a ring 270. In this example, an actuator 190 rotates a ring
94 that is separate from the ring 270 to axially move the
ring 270.
[0028] Figure 4B illustrates an example of the actuator
190 and ring 94 in greater detail. The actuator 190 is
operable to extend and retract a rod 95 that in turn rotates
the ring 94 about the longitudinal axis A. The rod 95 extends along a longitudinal axis D that is non-parallel to
the longitudinal axis A. The ring 94 includes a plurality of
cam surfaces which in the example of Figure 4B are slots
96 that are sloped, and the ring 270 includes a plurality
of cam members which in the example of Figure 4B include radially extending cam follower pins 97, each situated within a respective one of the cam slots 96. The
actuator 190 is configured to rotate the ring 94 about the
longitudinal axis A, which translates the cam follower pins
97 through their respective cam slots 96 and provides
axial movement of the ring 270 along the longitudinal axis
A.
[0029] Controller 82 is operatively connected to the actuator 190 for controlling operation of the actuator 190
based on one or more sensors 84 (not shown), such as
the pressure sensors 84A-B and optionally also speed
sensor 84C shown in Figures 2A-B.
[0030] In one example, the controller 82 is configured
to move the ring 170 between the first and second positions when the inlet guide vanes 58 move, even if the
inlet guide vanes 58 are not mechanically coupled to the
ring 170.
[0031] Figure 5 schematically illustrates a centrifugal
compressor 322 housing 140 includes opening 148 that
is sloped with respect to the opening 50. Opening 148
extends along line L1 at an angle of θ1 with respect to
the central longitudinal axis A, and opening 50 extends
along line L2 at an angle of θ2 with respect to the central
longitudinal axis A. In the example of Figure 5, Line L1
is non-parallel to line L2, and line L2 is sloped towards
line L1 radially outward of the central longitudinal axis A.
In one example, θ1 is approximately 90h and θ2 is approximately 60h. Although the ring 70 is omitted from
Figure 5, it is understood that it could be included in one
example. Also, the sloped line L1 could be included in
any of the other embodiments disclosed herein.
[0032] In one example the refrigerant that is utilized in
the refrigeration cycle is compressed by the centrifugal
compressor 322 (or any of the other compressors discussed above) is approximately 98-99% vapor and approximately 1-2% liquid, and has a density that is approximately 5 times greater than air.
[0033] Although the inlet guide vanes depicted in Figures 1-5 are axial inlet guide vanes, a ring could also be
used to selectively restrict a recirculation passage in connection with radial inlet guide vanes. Figure 6A schemat-
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ically illustrates a centrifugal compressor 422 with radial
inlet guide vanes 458 in an open position. Fluid is drawn
in through inlet 442 into an inlet chamber 444 and passes
between the inlet guide vanes 458 that are in the open
position into a passage 408. The radial inlet guide vanes
458 pivot along axes 402 based on rotation of a ring 404.
An impeller (not shown in Figure 6A) rotates about longitudinal axis A that is parallel to the axes 402.
[0034] Figure 6B schematically illustrates the centrifugal compressor 422 with the radial inlet guide vanes 458
in a closed position, in which a flow of fluid from the chamber 444 to the inlet 408 is more restricted.
[0035] Figure 6C illustrates a centrifugal compressor
522 that includes radial inlet guide vanes 558A-B, a recirculation passage 552, and back to back impellers
556A-B. Impeller 556A draws fluid through inlet 542A,
into inlet chamber plenum 544A, and past radial inlet
guide vanes 558A into an inlet 508A. Impeller 556B draws
fluid through inlet 542B, into inlet chamber 544B, and
past radial inlet guide vanes 558B into inlet 508B. The
passage 508A includes a plurality of first openings 548
that are circumferentially spaced apart from each other
around longitudinal axis A, and a plurality of second openings 550 that are circumferentially spaced apart from
each other around longitudinal axis A. The first openings
548 and second openings 550 define one or more recirculation passages 552 for circulating fluid from the inlet
508B back to the inlet chamber 544A. A ring 570 is rotatable to selectively obstruct the second openings 550.
An actuator 590 provides for rotation of the ring 570.
[0036] Figure 6D schematically illustrates a of the ring
570 which includes a plurality of openings 585. The ring
is rotatable about longitudinal axis A between a first position and a second position, which is shown in Figure
6D. The ring 570 acts as a shutter by selectively increasing alignment of the openings 585 with the second openings 550 in the first position to increase fluid flow in the
recirculation passage 552, and selectively decreasing
alignment of the openings 585 with the second openings
550 to restrict fluid flow in the recirculation passage 552
in the second position. In the example second position
of Figure 6D, the openings 585 are misaligned with the
second openings 550, providing maximum obstruction
of the second openings 550, and minimal flow in the one
or more recirculation passages 552. In the first position
(not shown), the openings 550 are at least partially
aligned with the second openings 550. Thus, the ring 570
obstructs the second openings 550 more in the second
position than in the first position.
[0037] Figure 7 schematically illustrates a centrifugal
compressor 622 that includes multiple portions 610A,
610B that combines aspects of the centrifugal compressor 522 of Figure 6C (portion 610A) with aspects of the
centrifugal compressor 22 of Figure 2B (portion 610B).
The centrifugal compressor 622 includes multiple inlet
chambers 44, 544, multiple recirculation passages 52,
552, and includes both axial inlet guide vanes 58 and
radial inlet guide vanes 558. Ring 70 is movable axially
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along longitudinal axis A to control a level of obstruction
of opening 50, and ring 570 is rotatable about longitudinal
axis A to control a level of obstruction of opening 550.
[0038] Impeller 656, which includes impeller portions
656A-B, rotates about the longitudinal axis A. Impeller
portion 656A is configured to draw fluid through inlet 542
into the inlet chamber 544, and impeller portion 656B is
configured to draw fluid through inlet 44 into inlet chamber
44. The same diffuser passage 60 and collector 62 are
used by each centrifugal compressor portion 610A-B.
[0039] Figure 8 schematically illustrates a method 300
of operating a centrifugal compressor 22. An impeller 56
is rotated about longitudinal axis A within housing 40 to
draw fluid into inlet chamber 44 (block 302). The housing
40 has first and second openings 48, 50 that define a
recirculation passage 52 in fluid communication with the
inlet chamber 44. Fluid from the inlet chamber 44 is recirculated through the recirculation passage 52 and back
into the inlet chamber 44 (block 304). Inlet guide vanes
58 are rotated (block 306). Ring 70 is moved along the
longitudinal axis A between a first position (see, e.g., Figure 2A) and a second position (see, e.g., Figure 2B)
(block 308) during the rotation of the inlet guide vanes
58. The ring 70 obstructs the second opening 50 more
in the second position than in the first position. Surge is
detected by measuring current, pressure, or vibration input. When a surge event occurrence is detected at a given inlet guide vane position, the ring 70 will be moved
independently to bring the compressor to operate in a
stable manner.
[0040] The variable ported shroud embodiments discussed herein provide improved stability and minimized
surge conditions at partial compressor loads without imposing the efficiency penalty typically associated with a
ported shroud at higher loads, because at higher loads
the ring 70 obstructs one of the openings 48, 50 and
prevents the level of recirculation that would otherwise
occur. By linking movement of the guide vanes 58 to
movement of the ring 70, the compressor 22 is able to
avoid surge conditions at lower loads and avoid the efficiency penalty that would otherwise be provided by an
open recirculation passage 52 at higher loads.
[0041] Although the centrifugal compressor 22 has
been discussed in the context of a refrigeration circuit
20, it is understood that the centrifugal compressor 22 is
not limited to refrigeration circuits 20, and could be used
for other applications such as a turbocharger or propulsion engine.
[0042] Also, although the centrifugal compressor 22 is
depicted and described herein as having a single impeller
56 in a single stage design, it is understood that additional
impeller stages could be used that also rotate about the
same longitudinal axis A.
[0043] Also, although Figures 2A-B, 3 and 4A depict
ring 70, 170, 270 within a particular one of the inlet chamber 44 and the recirculation passage 52, it is understood
that these are non-limiting examples and that the rings
70, 170, 270 could be disposed in another of the inlet
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chamber 44 and recirculation passage 52 in other embodiments. Likewise, the actuators 90 could be situated
in the recalculation passage 52 instead of in the inlet
chamber 44 in an embodiment.
[0044] An example centrifugal compressor includes a
housing that defines an inlet chamber and includes first
and second openings that define a recirculation passage
in fluid communication with the inlet chamber. An impeller
is disposed within the housing and is rotatable about a
longitudinal axis to draw fluid into the inlet chamber. The
first and second openings are at different axial locations
along the longitudinal axis. A plurality of inlet guide vanes
are rotatable and situated in the inlet chamber. The centrifugal compressor includes a ring and a controller for
moving the ring along the longitudinal axis between a
first position and a second position when rotating the inlet
guide vanes. The ring obstructs at least one of the first
and second openings more in the second position than
in the first position.
[0045] An example method of operating a centrifugal
compressor includes rotating an impeller about a longitudinal axis within a compressor housing to draw fluid
into an inlet chamber. The compressor housing includes
first and second openings that define a recirculation passage in fluid communication with the inlet chamber. Fluid
from the inlet chamber is recirculated through the recirculation passage and back into the inlet chamber. A plurality of inlet guide vanes disposed within the inlet chamber are rotated. A ring is moved along the longitudinal
axis between a first position and a second position during
said rotating, wherein the ring obstructs at least one of
the first and second openings more in the second position
than in the first position.
[0046] An example centrifugal compressor 322 includes a housing 140 that defines an inlet chamber 44
and includes a first opening 148 and a second opening
50 that define a recirculation passage 52 in fluid communication with the inlet chamber 44. An impeller 56 within
the housing 140 is rotatable about longitudinal axis A to
draw refrigerant into the inlet chamber 44. The first opening 148 and second opening 50 are at different axial locations along the longitudinal axis A.
[0047] Although example embodiments have been disclosed, a worker of ordinary skill in this art would recognize that certain modifications would come within the
scope of the present invention as defined by the claims.
For that reason, the following claims should be studied
to determine the scope and content of this invention.

2.

The centrifugal compressor of claim 1, comprising:
a plurality of inlet guide vanes that are rotatable
and situated in the inlet chamber;
a ring; and
a controller for moving the ring along the longitudinal axis between a first position and a second position when rotating the inlet guide vanes,
wherein the ring obstructs at least one of the first
and second openings more in the second position than in the first position.
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3.

The centrifugal compressor of claim 2, wherein the
ring is configured to move towards the first position
to decrease obstruction of the second opening, and
the ring is configured to move towards the second
position to increase obstruction of the second opening.

4.

The centrifugal compressor of claim 2 or 3, wherein
the inlet guide vanes are configured to rotate to reduce fluid flow to the impeller as the ring moves towards the first position, and the inlet guide vanes are
configured to rotate to increase fluid flow to the impeller as the ring moves towards the second position.

5.

The centrifugal compressor of claim 2, 3 or 4, wherein the plurality of inlet guide vanes are axial inlet
guide vanes that extend radially outward from the
longitudinal axis and are mechanically coupled to
the ring such that rotation of the inlet guide vanes
provides axial movement of the ring along the longitudinal axis;
preferably wherein the axial inlet guide vanes are
located axially between the first and second openings; and
optionally comprising:
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A centrifugal compressor comprising:
a housing defining an inlet chamber and comprising first and second openings that define a
recirculation passage in fluid communication
with the inlet chamber;

an impeller within the housing and rotatable
about a longitudinal axis to draw fluid into the
inlet chamber, the first and second openings at
different axial locations along the longitudinal
axis.
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an additional second inlet chamber that is separate from the first inlet chamber, is defined by
the housing, and comprises third and fourth
openings that define a recirculation passage in
fluid communication with the second inlet chamber:
a plurality of radial inlet guide vanes that are
rotatable and situated in the second inlet chamber; and
a second ring that is separate from the ring;
wherein the controller is configured to rotate the
second ring about the longitudinal axis between
a first position and a second position when rotating the radial inlet guide vanes, wherein the
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second ring obstructs at least one of the third
and fourth openings more in the second position
than in the first position; and
wherein an impeller is configured to draw fluid
into the second inlet chamber.

5

The centrifugal compressor of claim 2, 3 or 4, wherein the inlet guide vanes are radial inlet guide vanes
configured to pivot about respective axes that are
parallel to the longitudinal axis.

10

The centrifugal compressor of any of claims 2 to 6,
wherein the ring is disposed within the inlet chamber;
or
wherein the ring is disposed radially outward of the
inlet chamber.
The centrifugal compressor of any of claims 2 to 7,
wherein the first opening is an inlet to the recirculation chamber, and the second opening is an outlet
of the recirculation chamber; and/or
wherein the entire ring is axially between the first and
second openings in the first position, and the ring
covers the entire second opening along a wall of the
ported shroud in the second position.
The centrifugal compressor of any of claims 2 to 8,
wherein the controller is configured to move the ring
between the first and second positions based on a
pressure level of the centrifugal compressor, and optionally:
wherein the controller is configured to:
move the ring towards the first position to decrease obstruction to the second opening based
on a first detected pressure difference between
an inlet and an outlet of the centrifugal compressor level; and
move the ring towards the second position to
increase obstruction to the second opening
based on a second detected pressure difference
between the inlet and the outlet of the centrifugal
compressor that is higher than the first detected
pressure difference.

a second ring comprising a cam surface, wherein the ring is a first ring that is separate from the
second ring and the first ring includes a cam
member; and
an actuator configured to rotate the second ring
about the longitudinal axis, wherein rotation of
the second ring about the longitudinal axis translates the cam member along the cam surface
and provides axial movement of the first ring;
and optionally:
an actuator rod that couples the actuator to the
second ring and is non-parallel to the longitudinal axis, wherein the actuator rotates the second
ring through movement of the actuator rod.
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12. The centrifugal compressor of any of claims 2 to 11,
comprising:
a plurality of actuators spaced circumferentially apart
from each other and configured to move the ring between the first and second positions; optionally:
wherein the plurality of actuators are evenly spaced
apart from each other, and are located at a same
axial location; and/or optionally:
wherein the plurality of actuators are situated within
the inlet chamber, or the plurality of actuators are
situated radially outward of the inlet chamber.
13. The centrifugal compressor of any preceding claim,
wherein the centrifugal compressor is part of a refrigeration circuit, and the fluid drawn into the inlet
chamber by the impeller is refrigerant; and/or
wherein the first opening is at least partially disposed
axially between a leading edge and a trailing edge
of the impeller, and the second opening is axially
upstream of the impeller.
14. A method of operating a centrifugal compressor
comprising:
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10. The centrifugal compressor of claim 9, comprising:
at least one pressure sensor configured to
measure a pressure associated with the compressor housing;
wherein the controller is configured to detect a
pressure level of the centrifugal compressor
based on a refrigerant pressure measurement
from the at least one pressure sensor.
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11. The centrifugal compressor of any of claims 2 to 10,
comprising:

rotating an impeller about a longitudinal axis
within a compressor housing to draw fluid into
an inlet chamber, the compressor housing having first and second openings that define a recirculation passage in fluid communication with
the inlet chamber;
recirculating fluid from the inlet chamber through
the recirculation passage and back into the inlet
chamber;
rotating a plurality of inlet guide vanes disposed
within the inlet chamber; and
moving a ring along the longitudinal axis between a first position and a second position during said rotating, wherein the ring obstructs at
least one of the first and second openings more
in the second position than in the first position.
15. The method of claim 14, wherein the centrifugal compressor is as claimed in any of claims 1 to 13 and/or
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wherein said moving the ring along the longitudinal
axis comprises moving the ring using a mechanical
coupling between the ring and the plurality of inlet
guide vanes, such that rotation of the inlet guide
vanes provides axial movement of the ring between
the first and second positions.
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