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(57) Abstract: A cooling system (10) is provided for a motor (50) powering a compressor (32) in a vapor compression system
(14). The cooling system (10) includes a housing (112) enclosing the motor (50), and a cavity (120) located within the housing
(112). A fluid circuit (106) circulates a cooling fluid in the motor (50), the fluid circuit (106) having a first connection (110) in the
housing (112) to receive cooling tluid, and a second connection (150) in the housing (112) to remove cooling fluid in fluid com-
munication with the fluid circuit (106). The fluid circuit (106) includes a passageway (152) for cooling fluid positioned in an in-
ternal chamber (114) formed in a motor shaft (118).
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MOTOR COOLING APPLICATIONS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from and the benefit of U.S. Provisional Application
No. 61/080,658, entitted MOTOR APPLICATIONS, filed July 14, 2008, which is hereby

incorporated by reference.
BACKGROUND

[0002] This application relates generally to the cooling of motors for vapor compression

systems incorporated in air conditioning and refrigeration applications.

Vapor compression systems can use more compact motors operating at higher rotational speeds
to provide power to components. By using more compact motors, a reduction in the size of the
systems can be obtained. In addition, gains in motor efficiency may also be realized at high
rotational speeds. However, some challenges associated with operating motors at higher
rotational speeds include the generation of friction between the motor shaft and bearings and
windage losses. Windage is a frictional force created between the rotating rotor of the motor and
the environment surrounding the rotor, typically air or a working media, such as refrigerant
vapor in the case of a hermetic driveline. Windage can create heat and reduce the operational

efficiency of the motor.
SUMMARY

[0003] This application relates generally to the cooling of motors for vapor compression

systems incorporated in air conditioning and refrigeration applications.

[0004] The present invention relates to a cooling system provided for a motor powering a
compressor in a vapor compression system. The cooling system includes a housing enclosing the
motor, and a cavity located within the housing. A fluid circuit circulates a cooling fluid in the
motor, the fluid circuit having a first connection in the housing to receive cooling fluid, and a
second connection in the housing to remove cooling fluid in fluid communication with the loop.
The fluid circuit includes a passageway for cooling fluid positioned in an internal chamber

formed in a motor shaft.
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[0005] The present invention further relates to a cooling system for a motor powering a
compressor in a vapor compression system. The cooling system includes a housing enclosing the
motor, and a cavity located within the housing. A fluid circuit circulates a cooling fluid in the
motor, the fluid circuit having a first connection in the housing to receive cooling fluid, and a
second connection in the housing to remove cooling fluid in fluid communication with the loop.
The fluid circuit including a passageway for cooling fluid positioned in an internal chamber
formed in a motor shaft, the motor shaft having an insert member inserted inside the motor shaft

and the insert member having the internal chamber.
BRIEF DESCRIPTION OF THE FIGURES

[0006] FIG. 1 shows an exemplary embodiment for a heating, ventilation and air

conditioning system in a commercial setting.
[0007] FIG. 2 shows an isometric view of an exemplary vapor compression system.

[0008] FIGS. 3 and 4 schematically illustrate exemplary embodiments of a vapor

compression system.

[0009] FIG. 5 schematically illustrates an exemplary embodiment of a cooling system for a

multi-stage vapor compression system.

[0010] FIGS. 6A, 6B, 7A and 7B illustrate exemplary embodiments of motor cooling

systems.
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0011] FIG. 1 shows an exemplary environment for a heating, ventilation and air
conditioning (HVAC) system 10 incorporating a chilled liquid system in a building 12 for a
typical commercial setting. System 10 can include a vapor compression system 14 that can
supply a chilled liquid which may be used to cool building 12. System 10 can include a boiler 16
to supply a heated liquid that may be used to heat building 12, and an air distribution system
which circulates air through building 12. The air distribution system can also include an air
return duct 18, an air supply duct 20 and an air handler 22. Air handler 22 can include a heat

exchanger that is connected to boiler 16 and vapor compression system 14 by conduits 24. The
2
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heat exchanger in air handler 22 may receive either heated liquid from boiler 16 or chilled liquid
from vapor compression system 14, depending on the mode of operation of system 10. System
10 is shown with a separate air handler on each floor of building 12, but it is appreciated that the

components may be shared between or among floors.

[0012] FIGS. 2 and 3 show an exemplary vapor compression system 14 that can be used in
an HVAC system, such as HVAC system 10. Vapor compression system 14 can circulate a
refrigerant through a compressor 32 driven by a motor 50, a condenser 34, expansion device(s)
36, and a liquid chiller or evaporator 38. Vapor compression system 14 can also include a control
panel 40 that can include an analog to digital (A/D) converter 42, a microprocessor 44, a non-
volatile memory 46, and an interface board 48. Some examples of fluids that may be used as
refrigerants in vapor compression system 14 are: hydrofluorocarbon (HFC) based refrigerants,
for example, R-410A, R-407C, R-134a hydrofluoro olefin (HFO), “natural” refrigerants like
ammonia (NH3), R-717, carbon dioxide (CO,), R-744, or hydrocarbon based refrigerants, water
vapor or any other suitable type of refrigerant. In an exemplary embodiment, vapor compression
system 14 may‘use one or more of each of variable state drives (VSDs) 52, motors 50,

compressors 32, condensers 34 and/or evaporators 38.

[0013] Motor 50 used with compressor 32 can be powered by a VSD 52 or can be powered
directly from an alternating current (AC) or direct current (DC) power source. VSD 52, if used,
receives AC power having a particular fixed line voltage and fixed line frequency from the AC
power source and provides power having a variable voltage and frequency to motor 50. Motor 50
can include any type of electric motor that can be powered by a VSD or directly from an AC or
DC power source. For example, motor 50 can be a switched reluctance motor, an induction

motor, an electronically commutated permanent magnet motor or any other suitable motor type.

[0014] Compressor 32 compresses a refrigerant vapor and delivers the vapor to condenser 34
through a discharge line. Compressor 32 can be a centrifugal compressor, screw compressor,
reciprocating compressor, rotary compressor, swing link compressor, scroll compressor, turbine
compressor, or any other suitable compressor. The refrigerant vapor delivered by compressor 32
to condenser 34 transfers heat to a fluid, for example, water or air. The refrigerant vapor

condenses to a refrigerant liquid in condenser 34 as a result of the heat transfer with the fluid.

3-
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The liquid refrigerant from condenser 34 flows through expansion device 36 to evaporator 38. In
the exemplary embodiment shown in FIG. 3, condenser 34 is water cooled and includes a tube

bundle 54 connected to a cooling tower 56.

[0015] The liquid refrigerant delivered to evaporator 38 absorbs heat from another fluid,
which may or may not be the same type of fluid used for condenser 34, and undergoes a phase
change to a refrigerant vapor. In the exemplary embodiment shown in FIG. 3, evaporator 38
includes a tube bundle having a supply line 60S and a return line 60R connected to a cooling
load 62. A process fluid, for example, water, ethylene glycol, calcium chloride brine, sodium
chloride brine, or any other suitable liquid, enters evaporator 38 via return line 60R and exits
evaporator 38 via supply line 60S. Evaporator 38 lowers the temperature of the process fluid in
the tubes. The tube bundle in evaporator 38 can include a plurality of tubes and a plurality of
tube bundles. The vapor refrigerant exits evaporator 38 and returns to compressor 32 by a suction

line to complete the cycle or loop.

[0016] FIG. 4, which is similar to FIG. 3, shows the refrigerant circuit with an intermediate
circuit 64 that may be incorporated between condenser 34 and expansion device 36 to provide
increased cooling capacity, efficiency and performance. Intermediate circuit 64 has an inlet line
68 that can be either connected directly to or can be in fluid communication with condenser 34.
As shown, inlet line 68 includes an expansion device 66 positioned upstream of an intermediate
vessel 70. Intermediate vessel 70 can be a flash tank, also referred to as a flash intercooler, in an
exemplary embodiment. In an alternate exemplary embodiment, intermediate vessel 70 can be
configured as a heat exchanger or a "surface economizer". In the flash intercooler embodiment, a
first expansion device 66 operates to lower the pressure of the liquid received from condenser 34.
During the expansion process in a flash intercooler, a portion of the liquid is evaporated.
Intermediate vessel 70 may be used to separate the evaporated vapor from the liquid received
from condenser 34. The evaporated liquid may be drawn by compressor 32 to a port at a pressure
intermediate between suction and discharge or at an intermediate stage of compression, through a
line 74. The liquid that is not evaporated is cooled by the expansion process, and collects at the
bottom of intermediate vessel 70, where the liquid is recovered to flow to the evaporator 38,

through a line 72 having expansion device 36.
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[0017] In the "surface economizer" or "surface intercooler” arrangement, the implementation
is slightly different, as known to those skilled in the art. Intermediate circuit 64 can operate in a
similar matter to that described above, except that instead of receiving the entire amount of
refrigerant from condenser 34, as shown in FIG. 4, intermediate circuit 64 receives only a portion
of the refrigerant from condenser 34 and the remaining refrigerant proceeds directly to expansion

device 36 (not shown).

[0018] In FIG. 5, a multi-staged compressor system is shown. The multi-stage compressor 76
includes a first compressor 78 and a second compressor 80. First compressor 78 and second
compressor 80 are positioned on opposite ends of motor 50, which powers or drives each of
compressors 78, 80. Vapor refrigerant is drawn into first compressor 78 through refrigerant line
82. Refrigerant line 82 is supplied by a discharge line 84 of evaporator 38. The vapor refrigerant
is compressed by first compressor 78, and discharged into an interstage crossover line 86.
Interstage crossover line 86 is connected at an opposite end to a suction line 88 of second
compressor 80. The refrigerant is further compressed in second compressor 80 for output in
compressor discharge line 90, and supplied to condenser 34, where the compressed vapor
refrigerant is condensed into a liquid. In the exemplary embodiment shown in FIG. 5, an optional
economizer vessel 92 is inserted into a liquid refrigerant path 94, 96, and the vapor flow line 98
is connected to suction line 88, for providing intermediate pressure refrigerant to second
compressor 80, to increase the efficiency of the refrigeration cycle. A source of motor cooling is
provided by connecting evaporator 38 to an air gap inside motor 50 inside of hermetic or semi-
hermetic compressor 76, through a second refrigerant vapor line 100. Vapor line 100 is in fluid
communication with the interior of motor 50, and provides refrigerant at a reduced pressure
relative to suction inlet 88 of second compressor 80. In an exemplary embodiment, motor 50
may prevent the cooling vapor to interstage crossover line 86 or a location in fluid
communication with interstage crossover line 86, through a vent line 102. The location of the

vent line connection determines or establishes the intermediate pressure level in the motor cavity.

[0019] In an alternate exemplary embodiment, motor 50 may fit into the cooling vapor back
to evaporator 38 through alternate vent line 104, instead of vent line 102. Alternate vent line 104
may be used, for example, in an embodiment where a perfect or nearly perfect seal can be

achieved between compressor stages 78, 80 and the motor cavity; in such an embodiment, a

-5-
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minimal loss can correspond with a minimum pressure within the motor cavity, the minimal loss
realizable by venting to evaporator 38 through alternate vent line 104. Also, in the case of a
single stage compressor 76, motor 50 and the motor cavity may be cooled by a similar method,

for example, by venting motor 50 to evaporator 38.

[0020] In one exemplary embodiment, liquid refrigerant from condenser 34 may be
expanded to vapor to provide motor cooling, as indicated by coolant supply line 108 (FIG. 5),
and venting back to an intermediate pressure location, for example, second stage suction inlet 88,

first stage discharge or interstage cross-over line 86, or economizer vessel 92.

[0021] FIGS. 6A, 6B, 7A and 7B depict a portion of a motor cooling system including a
cross section of motor 50. Motor 50 comprises a motor housing 112 that includes a motor cavity
120, a stator 142 and a rotor 132 secured to a motor shaft 118 that extends through motor
housing 112. One or more sets of electromagnetic bearings 138 radially support motor shaft 118
to significantly reduce sliding friction between the shaft and motor housing 112, although other
types of bearings may also be used. Thrust bearings to react to axially directed loads are not
shown for clarity. At least one compressor impeller 122 is attached to at least one end of motor
shaft 118. FIGS. 6A, 6B, 7A and 7B further illustrate a fluid circuit 106 for cooling components
contained in motor cavity 120 of compressor motor 50. Fluid circuit 106 provides a refrigerant
fluid from condenser 34 via a conduit 108 that is inserted into an opening 110 formed in a motor
housing 112. Conduit 108 further extends into a chamber 114 formed in one end of motor shaft
118 opposite impeller 122. The fluid introduced through opening 110 and into chamber 114 via

conduit 108 is directed into chamber 114 from the end of the conduit which defines a nozzle 116.

[0022] Chamber 114 includes a first portion 126 and a second portion 128. As shown in FIG
0A, first portion 126 has a cross-sectional area (perpendicular to rotational axis 124) that is less
than the cross-sectional area of second portion 128. In an exemplary embodiment, the cross-
sectional areas of the portions are circular, but can define other profiles. A shoulder 130, or
region of reduced cross-sectional area, is positioned or located at the juncture between first and
second portions 126, 128. Shoulder 130 helps retain fluid in second portion 128, since the larger
cross-sectional area of second portion 128 can hold more fluid cooled motor shaft 118 and rotor

132. In an exemplary embodiment, shoulder 130 can be movable along axis 124 to separate first

-6-
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portion 126 from second portion 128 and selectably control the length of the second portion and
can be composed of a material different than motor shaft 118. Controlling the length of second
portion 126 that will contain cooling fluid may permit more effective cooling motor by confining
the fluid along regions of motor shaft 118 having a greater temperature gradient. In such an
embodiment, first and second portions 126, 128 can have similarly sized, if not identical cross-
sectional areas, with shoulder 130 providing a reduced cross-sectional area between the first and

second portions.

[0023] Second portion 128 can extend through motor shaft 118 toward compressor impeller
122. And this exemplary embodiment, second portion 128 can extend exterior of motor housing
112. As shown in FIG. 6A, an end of shaft 118 opposite first portion 126 extends into
compressor impeller 122 and is secured to the impeller. Second portion 128 can also extend
through motor shaft 118 to compressor impeller 122. An opening 140 can be formed in shaft 118
between motor housing 112 and compressor impeller 122 to connect to second portion 128 and

return liquid refrigerant from fluid circuit 106 to chilled liquid system 10.

[0024] For example, as further shown in FIG. 6A, refrigerant fluid provided via nozzle 116
into second portion 128 is in a heat transfer relationship with motor shaft 118 and rotor 132, as
well as first portion 126. During operation of motor 50, in which shaft 118 is rotated about axis
124, centrifugal forces direct the refrigerant fluid radially outward into contact with the surface
of second portion 128. By virtue of shoulder 130, the length of second portion 128 can be
controlled to more effectively provide cooling to the motor by confining the cooling refrigerant

fluid along regions of motor shaft 118 having a greater temperature gradient.

[0025] As further shown in FIGS. 6B and 7B, subsequent to cooling motor 50 and impeller
122, the fluid passing through opening 140 forming part of fluid circuit 106 can return to

condenser 34, evaporator 38 or compressor 32suction of chilled liquid system 10.

[0026] To further clarify, for FIGS. 6A, 6B, 7A and 7B, the cooling fluid requires a pressure
difference in order to be circulated through motor 50. One way to achieve the pressure difference
is to provide fluid (for example refrigerant), and expand the fluid using an expansion device,
whether fixed or modulating, for example, control device 144 in FIG. 6A. In an alternate

exemplary embodiment, a venturi device may be placed in close proximity of nozzle 116 (not

-7-



WO 2011/008372 PCT/US2010/037894

shown). If the fluid is provided at a sufficiently high pressure difference through motor 50, for
example, between the condenser pressure and compressor suction pressure, a pump 146 should

not be required to circulate the fluid through motor 50.

[0027] In order to minimize windage in motor cavity 120, an opening 148 may be formed in
motor housing 112, permitting refrigerant fluid to be vented to compressor 32 suction in one
exemplary embodiment. In a further exemplary embodiment, a control device 146, such as a
pump, can be placed in fluid communication with opening 148 to draw refrigerant fluid from
motor housing 112 and then provide the refrigerant vapor to compressor 32 suction to reduce

motor cavity pressure and windage.

[0028] As shown in FIG. 6B, which is similar to FIG. 6A, openings 150 may be formed in
second portion 128 of chamber 114 to provide refrigerant fluid to motor cavity 120. Passageways
152 are formed in rotor 132 and aligned with openings 150, with the openings maintaining a
spacing 154 between rotor 132 and motor stator 142. This arrangement permits refrigerant fluid
in second portion 128 to flow through openings 150, passageways 152 and then spacing 154 to
reach motor cavity 120 to achieve cooling in motor 50, in addition to cooling motor shaft 118. In
an exemplary embodiment, openings may be formed in first portion 126 of chamber 114
(upstream of rotor 132) to provide refrigerant fluid directly to motor cavity 120. In a further
exemplary embodiment, openings may be formed in second portion 128 (downstream of rotor
132, yet still interior of motor housing 112) to provide refrigerant fluid directly to motor cavity

120.

[0029] FIGS. 7A and 7B illustrate embodiments similar to respective FIGS. 6A and 6B,
except with the addition of insert member 156 composed of a material different than shaft 118
and inserted in a bore 158 of shaft 118. In an exemplary embodiment, bore 158 may be
configured similar to that of chamber 114. Insert member 156 includes a first portion 160 and a
second portion 162 similar to that of first portion 126 and second portion 128 of shaft 118 as
shown in FIGS. 6A and 6B. Insert member 156 may be composed of a material having improved
heat transfer properties, such as stainless steel, aluminum, copper or other metal or nonmetal

material to cool shaft 118 and other components of the motor.
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[0030] In an exemplary embodiment (not shown), a portion of refrigerant fluid provided to
the motor may be delivered directly to motor housing 112, in addition to that provided via

conduit 108 directly to chamber 114 of motor shaft 118.

[0031] While the exemplary embodiments illustrated in the figures and described are
presently preferred, it should be understood that these embodiments are offered by way of
example only. Accordingly, the present application is not limited to a particular embodiment, but
extends to various modifications. The order or sequence of any processes or method steps may

be varied or re-sequenced according to alternative embodiments.

[0032] It is important to note that the construction and arrangement of the systems as shown
in the various exemplary embodiments is illustrative only. Although only a few embodiments
have been described in detail in this disclosure, those skilled in the art who review this disclosure
will readily appreciate that many modifications are possible (for example, variations in sizes,
dimensions, structures, shapes and proportions of the various elements, values of parameters,
mounting arrangements, use of materials, colors, orientations, etc.) without materially departing
from the novel teachings and advantages of the subject matter. For example, elements shown as
integrally formed may be constructed of multiple parts or elements, the position of elements may
be reversed or otherwise varied, and the nature or number of discrete elements or positions may
be altered or varied. Accordingly, all such modifications are intended to be included within the
scope of the present application. The order or sequence of any process or method steps may be
varied or re-sequenced according to alternative embodiments. Other substitutions, modifications,
changes and omissions may be made in the design, operating conditions and arrangement of the

exemplary embodiments without departing from the scope of the present application.
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WHAT IS CLAIMED IS:

10.

11.

A cooling system for a motor powering a compressor in a vapor compression
system, the cooling system comprising:
a housing enclosing the motor, and a cavity located within the housing;
a fluid circuit to circulate a cooling fluid in the motor, the fluid circuit having a
first connection in the housing to receive cooling fluid, and a second connection in
the housing to remove cooling fluid in fluid communication with the fluid circuit; and
the fluid circuit comprising a passageway for cooling fluid positioned in an

internal chamber formed in a motor shaft.

The system of claim 1, wherein an insert member is inserted in the motor shaft,

the insert member having an internal chamber.

The system of claim 2, wherein the insert member is composed of a material

different from the motor shaft.

The system of claim 1, comprising a control device located in fluid

communication between the cavity and the fluid circuit.
The system of claim 4, wherein the control device is a pump.

The system of claim 1, wherein the first connection includes a conduit extending

into the cavity, through the first portion and into the second portion.
The system of claim 6, wherein the conduit terminates at a nozzle.

The system of claim 1, wherein the chamber includes a first portion having a first

cross-sectional area and a second portion having a second cross-sectional area.

The system of claim 8, wherein an opening is formed in the second portion in

fluid communication with the cavity.

The system of claim 8, wherein an opening is formed in the second portion in

fluid communication with the fluid circuit exterior of the housing.

The system of claim 8, wherein a passageway is formed in a rotor portion
surrounding the motor shaft in fluid communication with the opening of the second portion.

-10-



12.

13.

14.

15.

16.

17.

18.

19.

20.
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The system of claim 8, wherein the second portion extends interior of an impeller

secured at one end of the motor shaft and exterior of the housing.

The system of claim 12, wherein the region of reduced cross-sectional area is

movable within the chamber.

The system of claim 8, wherein the second cross-sectional area is greater than the

first cross-sectional area.

The system of claim 2, wherein the insert member includes a first portion having

a first cross-sectional area and a second portion having a second cross-sectional area.

The system of claim 15, wherein an opening is formed in the second portion in

fluid communication with the cavity.

The system of claim 16, wherein the insert member is composed of a material

different from the motor shaft.

The system of claim 15, wherein an opening is formed in the second portion in

fluid communication with the fluid circuit exterior of the housing.

The system of claim 15, wherein a passageway is formed in a rotor portion

surrounding the motor shaft in fluid communication with the opening of the second portion.

A cooling system for a motor powering a compressor in a vapor compression
system, the cooling system comprising:

a housing enclosing the motor, and a cavity located within the housing;

a fluid circuit to circulate a cooling fluid in the motor, the fluid circuit having a
first connection in the housing to receive cooling fluid, and a second connection in
the housing to remove cooling fluid in fluid communication with the fluid circuit; and

the fluid circuit comprising a passageway for cooling fluid positioned in an
internal chamber formed in a motor shaft, the motor shaft having an insert member

inserted inside the motor shaft and the insert member having the internal chamber.

-11-
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