20147179032 A1 | 000 10100 O 010 O 00

S
=

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/179032 A1l

6 November 2014 (06.11.2014) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F25B 1/053 (2006.01) F25B 49/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
F25B 31/00 (2006.01) F25B 9/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
F25B 1/04 (2006.01) F25B 43/04 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. .. DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/US2014/034097 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
15 April 2014 (15.04.2014) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(26) Publication Language: English ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/818,648 2 May 2013 (02.05.2013) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: CARRIER CORPORATION [US/US]; One UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Carrier Place, P.O. Box 4015, Farmington, Connecticut TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
06034 (US). EE, ES, FIL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors: JONSSON, UIf J.; United Technologies Re- MC, MK, MT, NI, NO, PL, PT, RO, RS, SE, S, 5K, SM,
. . TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
search Center, 411 Silver Lane, East Hartford, Connecticut KM, ML, MR, NE, SN, TD, TG)
06108 (US). SISHTLA, Vishnu M.; Bldg. TR4, Room > P )
5107, Carrier Corporation, Carrier Parkway, 6304 Thom- Declarations under Rule 4.17:
son Road, Fast Syracuse, New York 13221 (US). . . .
CHAUDHRY, Zaffir A.; United Technologies Rescarch & Zventorship (Rule 4.17(iv))
Center, 411 Silver Lane, East Hartford, Connecticut 06108  Published:
(US). —  with international search report (Art. 21(3))
(74) Agent: SLATE, William B.; Bachman & LaPointe, P.C., __

900 Chapel Street, Suite 1201, New Haven, Connecticut
06510 (US).

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: COMPRESSOR BEARING COOLING VIA PURGE UNIT

FIG. 1

A 35

(57) Abstract: A compressor (22) has a housing assembly (40) with a suction port (24), a discharge port (26), and a motor compart -
ment (60). An electric motor (42) has a stator (62) within the motor compartment and a rotor (64) within the stator. The rotor is
mounted for rotation about a rotor axis (500). One or more working impellers (44) are coupled to the rotor to be driven by the rotor
in at least a first condition so as to draw fluid in through the suction port and discharge the fluid from the discharge port. An inlet
guide vane (IGV) array (174) is between the suction port (24) and the one or more impellers (44). One or more bearings (66, 68)
support the rotor (64) and/or the one or more impellers (44). A purge unit (400) has a vapor inlet line (410) for receiving a refriger -
ant flow and a return line (414, 417A, 417B) for returning a contaminant-depleted refrigerant flow. A supply flowpath (407A, 407B)
for supplying refrigerant to the bearings extends from the purge unit.
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COMPRESSOR BEARING COOLING VIA PURGE UNIT

CROSS-REFERENCE TO RELATED APPLICATION
[0001] Benefit is claimed of US Patent Application Ser. No. 61/818,648, filed May 2,
2013, and entitled “Compressor Bearing Cooling Via Purge Unit”, the disclosure of which is

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

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

bearing cooling of refrigerant compressors.

[0003] One particular use of electric motor-driven compressors is liquid chillers. An
exemplary liquid chiller uses a hermetic centrifugal compressor. The exemplary unit
comprises a standalone combination of the compressor, a condenser unit, an evaporator unit,
the expansion device, and various additional components. Exemplary compressors are

electric motor-driven hermetic or semi-hermetic compressors.

[0004] In most refrigeration systems (especially those using screw compressors and
reciprocating compressors), a lubricant (e.g., oil) is added to the refrigerant. The oil may be
selectively separated from the refrigerant flow and reintroduced for lubrication (e.g.,
separated in a mechanical separator or still and then returned to lubrication ports along the
bearings. Other compressors (especially centrifugal compressors) are oil-free. In such oil-free
compressors, refrigerant itself may be directed to the bearings to cool and lubricate the
bearings. Exemplary bearings are ball bearing-type bearings where the balls are made from
ceramic materials. The refrigerant may be drawn by a mechanical pump for delivery to the

bearings.

[0005] Many chillers further include purge units for removing noncondensable
contaminants from the refrigerant. A flow of refrigerant is diverted from the main refrigerant
flowpath and passed into a purge tank where it is cooled to condense refrigerant while
leaving noncondensable contaminants in vapor form. The vapor may be vented or pumped

out of the vessel (e.g., to atmosphere). The purge unit may operate intermittently.

SUMMARY
1
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[0006] One aspect of the disclosure involves a vapor compression system comprising a
compressor comprising a housing assembly having a suction port and a discharge port and a
motor compartment. An electric motor has a stator within the motor compartment and a rotor
within the stator. The rotor being mounted for rotation about a rotor axis. One or more
working elements are coupled to the rotor to be driven by the rotor in at least a first condition
so as to draw fluid in through the suction port and discharge said fluid out from the discharge
port. One or more bearings are supporting the rotor and/or the one or more working elements.
One or more bearing feed passages are coupled to the bearings to pass fluid along a supply
flowpath to the bearings. A first heat exchanger is coupled to the discharge port to receive
refrigerant driven in a downstream direction in the first operational condition of the
compressor. An expansion device is downstream of the first heat exchanger. A second heat
exchanger is downstream of the expansion device and coupled to the suction port to return
refrigerant in the first operating condition. A purge unit has a vapor inlet line for receiving a
refrigerant flow and a return line for returning a contaminant-depleted refrigerant flow and

the supply flowpath extends from the purge unit.

[0007] In additional or alternative embodiments of any of the foregoing embodiments, the
supply flowpath may have a first branch extending to a first of the bearings and a second

branch extending to a second of the bearings.

[0008] In additional or alternative embodiments of any of the foregoing embodiments, a
weir in the purge unit may divide the supply flowpath first branch from the supply flowpath

second branch.

[0009] In additional or alternative embodiments of any of the foregoing embodiments, the

supply flowpath is formed by or branches from the return line.

[0010] In additional or alternative embodiments of any of the foregoing embodiments, the
supply flowpath is a second supply flowpath and a first supply flowpath does not branch from

the return line.

[0011] In additional or alternative embodiments of any of the foregoing embodiments, the

first supply flowpath and the second supply flowpath are non-overlapping.
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[0012] In additional or alternative embodiments of any of the foregoing embodiments,

there is no pump along the first supply flowpath.

[0013] In additional or alternative embodiments of any of the foregoing embodiments,

there is a pump along the first supply flowpath.

[0014] In additional or alternative embodiments of any of the foregoing embodiments, the
purge unit comprises a compressor, a heat rejection heat exchanger downstream of the purge
unit compressor along a purge unit refrigerant flowpath, an expansion device downstream of
the heat rejection heat exchanger along the purge unit refrigerant flowpath, a purge
condensing unit being a heat absorption heat exchanger downstream of the purge unit
expansion device along the purge unit refrigerant flowpath. The purge unit refrigerant
flowpath is in heat exchange relation with the refrigerant flow refrigerant received from the

vapor inlet line.

[0015] In additional or alternative embodiments of any of the foregoing embodiments, the
purge unit comprises a purge exhaust line extending from the purge condensing unit and a

pump along the purge exhaust line for exhausting contaminants from the purge unit.

[0016] In additional or alternative embodiments of any of the foregoing embodiments, the

system is a chiller.

[0017] In additional or alternative embodiments of any of the foregoing embodiments:
the system has a refrigerant charge selected from the group consisting of low pressure
refrigerants and medium pressure refrigerants; the system has a refrigerant charge selected
from the group consisting of HFC refrigerants and HFO refrigerants; the system has a
refrigerant charge selected from the group consisting of R1233zd, R1234yf, R1234z¢e, and
R134a; and/or the mechanical pump is a gear pump, a centrifugal pump, a regenerative pump,

a SCréw pump, Or a4 vanc pump.

[0018] In additional or alternative embodiments of any of the foregoing embodiments, the

compressor is a centrifugal compressor.
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[0019] In additional or alternative embodiments of any of the foregoing embodiments, a
controller is configured to operate the purge unit to supply refrigerant along the supply

flowpath in a start-up condition.

[0020] In additional or alternative embodiments of any of the foregoing embodiments, the
controller is configured to determine an insufficiency of refrigerant flow to the bearings along
another supply flowpath and, responsive to the determined insufficiency, operate the purge

unit to supply refrigerant along the supply flowpath in a non-start-up condition.

[0021] In additional or alternative embodiments of any of the foregoing embodiments, the
method comprises operating the purge unit to supply refrigerant along the supply flowpath in

a start-up condition.

[0022] In additional or alternative embodiments of any of the foregoing embodiments, the

supply of refrigerant from the purge unit is terminated after the start-up condition.

[0023] In additional or alternative embodiments of any of the foregoing embodiments, an
insufficiency of refrigerant along a primary supply flowpath is determined and, responsive to
the determined insufficiency, operating the purge unit to supply refrigerant along the supply

flowpath in a non-start-up condition.

[0024] 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.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIG. 1 is a partially schematic view of a chiller system.

[0026] FIG. 2 is a partially schematic view of a purge unit of the chiller system of FIG. 1.

[0027] FIG. 3 is a partially schematic view of a second chiller system.

[0028] FIG. 4 is a simplified flowchart of a control routine for delivering refrigerant from

the purge unit to compressor bearings in the chiller system.

[0029] Like reference numbers and designations in the various drawings indicate like

elements.
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DETAILED DESCRIPTION
[0030] FIG. 1 shows a vapor compression system 20. The exemplary vapor compression
system 20 is a chiller system. The system 20 includes a compressor 22 having a suction port
(inlet) 24 fed by a suction line 25 and a discharge port (outlet) 26 feeding a discharge line 27.
The system further includes a first heat exchanger 28 in a normal operating mode being a heat
rejection heat exchanger (e.g., a gas cooler or condenser). In an exemplary system based upon
an existing chiller, the heat exchanger 28 is a refrigerant-water heat exchanger in a condenser
unit where the refrigerant is cooled and condensed by an external water flow 520 (inlet), 520
(outlet).
[0031] The system further includes a second heat exchanger 30 (in the normal mode a
heat absorption heat exchanger or evaporator). In the exemplary system, the heat exchanger
30 is a refrigerant-water heat exchanger for chilling a chilled water flow 522 (inlet), 522’
(outlet). An expansion device 32 is downstream of the heat rejection heat exchanger and
upstream of the heat absorption heat exchanger 30 along the normal mode main refrigerant
flowpath 34 (the flowpath being partially surrounded by associated piping, etc. and including
the suction line 25, discharge line 26, and intermediate line 35). The exemplary
refrigerant-water heat exchangers 28 and 30 comprise tube bundles carrying water flow and
in heat exchange relation with refrigerant passing around the bundles within the shells of the
heat exchangers. The water inlets and outlets of the heat exchangers are shown unnumbered.
[0032] An exemplary compressor is a centrifugal compressor having a housing assembly
(housing) 40. The housing assembly contains an electric motor 42 and one or more working
elements 44 (impeller(s) for a centrifugal compressor; scroll(s) for a scroll compressor; or
piston(s) for a reciprocating compressor) drivable by the electric motor in the first mode to
compress fluid (refrigerant) to draw fluid (refrigerant) in through the suction port, compress
the fluid, and discharge the fluid from the discharge port. The exemplary centrifugal working
element(s) comprise a rotating impeller directly driven by the motor about an axis 500.
Alternative centrifugal compressors may have a transmission coupling the motor to the
impeller(s). Alternative compressors include screw compressors. Alternative drive systems
include compressors having a drive shaft passing through a shaft seal to engage external drive
means (e.g., electric or other motor).
[0033] The housing defines a motor compartment 60 containing a stator 62 of the motor
within the compartment. A rotor 64 of the motor is partially within the stator and is mounted
for rotation about a rotor axis 500. The exemplary mounting is via one or more bearing

systems 66, 68 mounting a shaft 70 of the rotor to the housing assembly. The exemplary
6
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impeller 44 is mounted to the shaft (e.g., an end portion 72) to rotate therewith as a unit about
the axis 500. The exemplary bearing system 66 mounts an intermediate portion of the shaft to
an intermediate wall 74 of the housing assembly. The exemplary bearing system 68 mounts
an opposite end portion of the shaft to an end wall/cover portion 76 of the housing assembly.
Between the walls 74 and 76, the housing includes an outer wall 78 generally surrounding the
motor compartment.

[0034] The exemplary system supplies refrigerant to cool the motor and/or lubricate
bearings. FIG. 1 shows the condenser having a primary inlet 90 and a primary outlet 92.
Similarly, the evaporator has a primary inlet 94 and a primary outlet 96. FIG. 1 further shows
a supply flowpath 100 for delivering refrigerant to the bearings. The exemplary supply
flowpath extends from condenser 28 (a second outlet 102 of the shell (e.g., of a sump 104) of
the condenser in the exemplary refrigerant-water heat exchanger). Flowpath 100 extends to
ports 106, 108 at the bearings 66 and 68. Flowpath 100 may enter one or more ports 110, 112
along the compressor housing (e.g., fed by branches of a supply line 114). Along the
exemplary supply line 114 is a filter 116. This diverted flow of refrigerant may be returned to
the main flowpath via a return flowpath or branch 120. The flowpath 120 may extend along a
line 122 extending from a port 124 along the motor case to a port 126 at the shell of the heat
rejection heat exchanger 30 (an exemplary refrigerant-water heat exchanger). In the
illustrated example, the port 124 is open directly to the motor compartment 60 to collect
refrigerant which may have bypassed seals adjacent the bearings. Alternative
implementations may include return passageways extending through the housing to the
bearings themselves.

[0035] To drive the supply flow, there is a mechanical pump 130. Exemplary mechanical
pumps are centrifugal pumps or gear pumps with an electric motor driving the respective
impeller or gears. The exemplary pump 130 has an inlet port 132 and an outlet port 134.
[0036] The exemplary sump 104 includes a screen 172. A liquid refrigerant accumulation
174 may occupy the sump extending upward to a surface 176 in the sump or in the body of
the heat exchanger 28. The sump may include a float valve (not shown).

[0037] As is discussed further below, additional means may be provided for influencing
flow to the bearings. These may include valves positioned to control one or more flows
through the pump and/or bypass the pump. In the FIG. 1 example, a bypass line 190 extends
between the lines 180 and 114 to bypass the pump 130. A valve 192 may be located along the

line or at one of its ends to control flow therethrough. The line 190 may have alternative
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origins such as the line 35 or the sump 104. Yet alternative means for delivering flow without
pumping by the pump may be provided.

[0038] In operation, the pump 130 may be used to deliver refrigerant along the flowpath
100 to the bearings. If pressure at the sump 104 or other source for the flowpath 100 is
sufficiently high, the valve 192 may be opened and the pump shut off allowing refrigerant to
bypass directly through the line 190 and, thereby, save the energy of running the pump.
[0039] FIG. 1 further shows a controller 200. 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
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.

[0040] FIG. 1 shows a purge unit 400 provided for removing contaminant gases from the
refrigerant. The exemplary purge unit comprises an inlet 402 for receiving refrigerant from
the remainder of the system (e.g., diverted from the main/primary flowpath 34) and a first
outlet 404 for returning refrigerant to the remainder of the system (e.g., to the evaporator). A
second outlet 406 may be a purge or vent outlet for discharging a flow 546 of contaminant
gases. In the exemplary embodiment, the inlet 402 receives the refrigerant from the
condenser along a line 410 extending from a port 412. The purge unit returns the refrigerant
from the outlet 404 along a line 414 (e.g., along a flowpath 415 to a port 416 on the
evaporator). In a conventional purge unit, the refrigerant is returned from the outlet 404
directly to the main flowpath.

[0041] However, the exemplary embodiment also allows for returning the refrigerant to
the bearings. In an exemplary embodiment, an additional return flowpath 407A, 407B
extends to the bearings and otherwise bypasses the main flowpath. In the exemplary
embodiment, there are separate or branching flowpaths allowing switching between returning
refrigerant to the bearings and returning it directly to the main flowpath. In the exemplary
embodiment, the flowpaths 407A, 407B extend from outlets 408A, 408B of the purge unit
400 to feed the respective bearings 66 and 68. The flowpaths 407A, 407B pass along lines

417A, 417B. One or more valves may selectively control flow through the lines 410 and/or
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414 and/or 417A, 417B. Accordingly, refrigerant stored in the purge unit may be used to cool
and/or lubricate the bearings. In the exemplary selectable/switchable embodiments, this may
be used on a temporary basis with returned refrigerant bypassing the bearings otherwise.
Thus, the system may be controlled to return refrigerant via the bearings or via the flowpath
415 or via both. In an alternate embodiment, this is used on an exclusive basis in that all
return refrigerant goes to the bearings.

[0042] In the exemplary embodiment, the flowpath 407A and its line 417A enter a port
420 on the compressor and extends to an outlet port 426 on the first bearing 66. Similarly, the
flowpath 407B and its line 417B extend to a port 422 on the compressor to feed refrigerant to
a port 428 along the second bearing 68. In the exemplary implementation, the port 426 is
shown as distinct from the port 106 and the port 428 is shown as distinct from the port 108.
However, they may in alternative embodiments be combined.

[0043] FIG. 2 has further details of the purge unit 400. Valves 403, 405, and 409A, 409B
may be provided for controlling inlet flow 542, main outlet/return flow 544 and bearing
cooling flows 548A, 548B, respectively. The unit includes a condensing unit 438 having a
purge tank or vessel 440 having an inlet 442 receiving an inlet flow 542 and a main liquid
outlet 444 providing the return flow 544. The exemplary purge tank or vessel 444 also
includes an additional liquid outlet 445. In the exemplary embodiment, the liquid outlet 445
feeds the flowpath 407A, whereas the flowpath 407B is fed as a branch off of the return
flowpath fed by the port 444. Alternative embodiments may have other arrangements of
ports. It further includes a vapor outlet 446 providing the purge flow 546. The inlet flow 542
contains refrigerant and contaminants. In the purge tank 440, the inlet flow is cooled to
condense out liquid 460 and leave a headspace 462 thereabove containing gas. The liquid is
refrigerant with similarly condensable contaminants. The gas is, however, other contaminants
which are not as easily condensed as the refrigerant.

[0044] A discharge (exhaust) path 463 from the port 446 to the outlet 406 may pass along
a discharge (exhaust) line 464 and through a pump 466 and valves 468 and 469. The valves
468 and 469 serve to eliminate leaking of refrigerant to atmosphere when the pump 466 is not
running. The use of two valves 468 and 469 facilitates a controlled leak detection method
using a pressure sensor 467 between the valves 468 and 469 as is known in the art. For
example, the outer/downstream valve 469 may first be closed followed by closing of the
inner/upstream valve 468. Alternatively, if both valves are already closed, the inner valve
may be briefly opened and then closed to equalize pressure across it. If the pressure sensor

467 then detects a pressure drop, this would indicate a leak in the outer valve or in the line
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between valves. Similarly, if the outer valve is opened and closed while the inner valve
remains closed, any subsequent pressure increase will indicate a leak in the inner valve.
[0045] To condense refrigerant in the purge tank, means for cooling the inlet flow 542 in
the purge tank 440 are provided. The exemplary means comprises an additional vapor
compression system 470 having a compressor 472 having a suction port or inlet 474 and a
discharge port or outlet 476. Downstream of the compressor 472 along a refrigerant flowpath
of the system 470 is a heat rejection heat exchanger 478 (e.g., a refrigerant-air heat exchanger
with a fan 480 driving an airflow thereacross). Downstream of the heat rejection heat
exchanger 478 is an expansion device 482 (e.g., an electronic expansion valve, capillary
device, or a thermal expansion valve). Downstream of the expansion device 482, a heat
absorption heat exchanger 484 is in heat exchange relation with the fluid in the purge vessel
440. In the exemplary embodiment, the heat absorption heat exchanger 484 comprises a
coiled tube extending through the interior of the purge tank. Thus the refrigerant flowpath of
system 470 includes an inlet 486 along the tank and an outlet 488 along the tank. A suction
line connects the outlet 488 to the inlet 474.

[0046] FIG. 2 further shows a filter/dryer unit 490 in a return line from the port 444 to the
outlet 404. FIG. 2 further shows a sensor 495 such as a float switch for determining liquid
level in the purge tank/vessel. FIG. 2 further shows a vertical weir 496 extending upward and
separating a lower portion of the vessel into a first region containing the outlet 444 and a
second region containing the outlet 445. This helps divide flows between the two bearings.
For example, the weir may be positioned to ensure that half the condensed refrigerant falls
into the first region and half into the second region (at least when there is total refrigerant
level below the top of the weir). This allows one of the bearings to be fed via control of its
associated valve 409A, 409B without risk of starving the other bearing.

[0047] The FIG. 3 system or embodiment 320 may be otherwise similar to the system or
embodiment 320 of FIG. 1 except that it omits the pump 130. Such a system 320 may be
appropriate when using a medium pressure refrigerant (e.g., R134a or R1234ze) rather than a
low pressure refrigerant (e.g., R123 or R1233zd).

[0048] In an exemplary implementation, the purge unit is located at a height above the
compressor bearings to facilitate gravity feed. In further embodiments, gravity feed is yet
further eased by having no traps (e.g., P-traps) along the flowpaths 407A, 407B.

[0049] The yet further operational alternative involves configuring the control unit to fill

the tank 440 to a desired threshold level and, thereafter, close valves 403 and 468. With the
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valves closed, heat may be added (e.g., via a resistive or other heating element) to build
pressure in the vessel to drive any return flows via the ports 404 or 408A, 408B.

[0050] In an exemplary sequence of operation 600, a call to start 602 is received or
entered (e.g., manually be an operator) or otherwise made (e.g., via the baseline programming
of the controller). The purge unit is then started 604. The starting of the purge unit entails
opening the valve 403 (if not already open) and closing the other valves (if not already
closed) and starting the vapor compression system 470 (e.g., starting the compressor 472 and
fan 480). The running of the vapor compression system 470 cools the purge vessel/tank and
draws in further inlet flow 542. Refrigerant in the flow 542 is progressively condensed filling
the accumulation in the bottom of the purge vessel. It is determined 610 (e.g., via the float
switch 495) whether a threshold level of liquid refrigerant has been achieved. If the threshold
is not achieved within a threshold time, it is inferred 612 that the tank contains too much
non-condensable contaminants. Accordingly, the valve 468 may be opened and pump 466 run
to purge 614 the contaminants. The purge may reflect a conventional purge strategy (e.g., for
a given time or otherwise). Upon the liquid refrigerant threshold being reached, the valves
409A, 409B may be opened 630 to deliver refrigerant to the bearings and the compressor
started 632.

[0051] Shortly, sufficient pressure will build in the condenser or other normal refrigerant
source for the bearings to allow disengaging of the purge unit from the bearings. For
example, an exemplary sufficient threshold pressure is a threshold of at least Spsi (34kPa)
above the evaporator pressure (the pressure to which the bearings drain). If pressure is
determined 640 sufficient, the purge unit is disengaged 650 from the bearings by closing the
valves 409A, 409B and the sufficient flow then proceeding through the flowpath 100. The
valve 192 (if present) may be open all this time and, even during use of the purge unit there
may be some flow through that flowpath 100.

[0052] Conditions may develop wherein it is desired to restart delivery of refrigerant
from the purge unit to the bearings. For example, this may be done if the
condenser-to-evaporator pressure difference drops below the prior threshold (or to/below a
slightly lower threshold to avoid over-cycling). For example, a slightly lower threshold of
4psi (28kPa) may be used in a determination 660 whereupon the purge unit is restarted 662.
In an exemplary implementation, the baseline operational programming of the controller may
be such that during all operation it maintains a desired amount of refrigerant in the purge unit
tank to be able to instantly supply refrigerant. In such a situation, the valves 409A, 409B may
be immediately open (and 405 fully or partially closed if previously open). The vapor

11
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compression system port 70 may be restarted to replenish the accumulation (if under the
baseline algorithm that had not already been operating).

[0053] When a call for stop 680 is received/entered or determined, the purge unit may be
turned on 682 temporarily to continue to supply refrigerant after compressor shutdown 684.
This may be performed in a similar manner to the aforementioned operational restart. The
purge unit may be run to supply refrigerant to the bearing for a predetermined time interval or
until a threshold condition is met (e.g., a particular bearing temperature is achieved) and then
stopped 690.

[0054] Although an embodiment is described above in detail, such description is not
intended for limiting the scope of the present disclosure. It will be understood that various
modifications may be made without departing from the spirit and scope of the disclosure. For
example, when applied to the reengineering of an existing compressor or a compressor in an
existing application, details of the existing compressor or application may influence details of
any particular implementation. Accordingly, other embodiments are within the scope of the

following claims.
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CLAIMS

What 1s claimed is:

1. A vapor compression system comprising:
a compressor comprising;:
a housing assembly (40) having a suction port (24) and a discharge port (26)
and a motor compartment (60);
an electric motor (42) having a stator (62) within the motor compartment and a
rotor (64) within the stator, the rotor being mounted for rotation about a rotor axis
(500);
one or more working elements (44) coupled to the rotor to be driven by the
rotor in at least a first condition so as to draw fluid in through the suction port and
discharge said fluid out from the discharge port;
one or more bearings (66, 68) supporting the rotor and/or the one or more
working elements; and
one or more bearing feed passages coupled to the bearings to pass fluid along
a supply flowpath to the bearings;
a first heat exchanger (28) coupled to the discharge port to receive refrigerant driven
in a downstream direction in the first operational condition of the compressor;
an expansion device (32) downstream of the first heat exchanger;
a second heat exchanger (30) downstream of the expansion device and coupled to the
suction port to return refrigerant in the first operating condition; and
a purge unit (400) having:
a vapor inlet line (410) for receiving a refrigerant flow; and
a return line (414, 417A, 417B) for returning a contaminant-depleted
refrigerant flow,
wherein:

the supply flowpath (407A, 407B) extends from the purge unit.

2. The vapor compression system of claim 1 wherein:
the supply flowpath comprises a first branch (407A) extending to a first (66) of the
bearings and a second branch (407B) extending to a second (68) of the bearings.

13



10

15

20

25

30

WO 2014/179032 PCT/US2014/034097

3.

The vapor compression system of claim 2 wherein:

a weir (496) in the purge unit divides flow between the supply flowpath branches.

The vapor compression system of claim 1 wherein:

the supply flowpath is formed by or branches from the return line (414, 417A, 417B).

The vapor compression system of claim 1 wherein:

the supply flowpath (407A, 407B) is a second supply flowpath and a first supply

flowpath (100) does not branch from the return line.

The vapor compression system of claim 5 wherein:

the first supply flowpath and the second supply flowpath are non-overlapping.

The vapor compression system of claim 5 wherein:

there is no pump along the first supply flowpath.

The vapor compression system of claim 5 further comprising:

a pump (130) along the first supply flowpath.

The vapor compression system of claim 1 wherein the purge unit comprises:
a compressor (472);

a heat rejection heat exchanger (478) downstream of the purge unit compressor along

a purge unit refrigerant flowpath;

an expansion device (482) downstream of the heat rejection heat exchanger along the

purge unit refrigerant flowpath;

a purge condensing unit (438) being a heat absorption heat exchanger downstream of

the purge unit expansion device along the purge unit refrigerant flowpath and wherein the

purge unit refrigerant flowpath is in heat exchange relation with the refrigerant flow

refrigerant received from the vapor inlet line.

10.  The vapor compression system of claim 9 wherein the purge unit comprises:

a purge exhaust line (464) extending from the purge condensing unit; and

a pump (466) along the purge exhaust line for exhausting contaminants from the
purge unit.
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11.  The vapor compression system of claim 1 wherein:

the system is a chiller.

12.  The system of claim 1 wherein one or more of:

the system has a refrigerant charge selected from the group consisting of low pressure
refrigerants and medium pressure refrigerants;

the system has a refrigerant charge selected from the group consisting of HFC
refrigerants and HFO refrigerants;

the system has a refrigerant charge selected from the group consisting of R1233zd,
R1234yf, R1234ze, and R134a; and/or

the mechanical pump is a gear pump, a centrifugal pump, a regenerative pump, a

SCrew pump, or a vane pump.

13.  The vapor compression system of claim 1 wherein:

the compressor is a centrifugal compressor.

14.  The vapor compression system of claim 1 further comprising:
a controller (200) configured to operate (604) the purge unit to supply (630)

refrigerant along the supply flowpath in a start-up condition.

15.  The vapor compression system of claim 14 wherein the controller is configured to:
determine (660) an insufficiency of refrigerant flow to the bearings along another
supply flowpath (100); and
responsive to the determined insufficiency, operate (622) the purge unit to supply

refrigerant along the supply flowpath in a non-start-up condition.
16. A method for operating the system of claim 1, the method comprising:
operating the purge unit to supply refrigerant along the supply flowpath in a start-up

condition.

17. The method of claim 16 wherein:

the supply of refrigerant from the purge unit is terminated after the start-up condition.

15
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18.  The method of claim 16 further comprising:

determining (660) an insufficiency of refrigerant along a primary supply flowpath
(100); and

responsive to the determined insufficiency, operating (662) the purge unit to supply

5  refrigerant along the supply flowpath in a non-start-up condition.
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