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APPARATUS FOR AND METHOD
OF MOTOR COOLING
James W. Endress and Carl M. Anderson, Syracuse, N.Y.,
assignors to Carrier Corporation, Syracuse, N.Y., a
corporation of Delaware
Filed Apr. 17, 1963, Ser. No. 273,712
21 Claims. (CL 62—117)

This application is a continuation-in-part of our co-
pending application Serial No. 114,359, filed June 2, 1961,
now abandoned.

This invention relates broadly to the art of cooling
motors employed to drive rotating power consuming ap-
paratus.- More -particularly, this invention relates to a
method of an apparatus for cooling the motor employed
to drive a compressor in a compression refrigeration ma-
chine.

Various arrangements have been proposed for the pur-
pose of cooling the motor used to provide rotational
movement to a .compressor .in a refrigeration system.
One of the arrangements suggested includes the use of
refrigerant either in the liquid or gaseous state from the
refrigeration machine as a coolant or cooling medium
for the motor. For instance, gaseous refrigerant formed
in the evaporator has been proposed as a cooling medium.
However, its use introduces into the system an additional
power requirement to circulate gaseous refrigerant at high
velocity, due to its low specific heat and density, which,
in turn, affects the efficiency of the refrigeration ma-
chine.

This invention contemplates the use of liquid refrig-
.erant from the refrigeration system as the cooling me-
dium for the motor employed to drive the compressor
in the machine. Liquid refrigerant is introduced into
the housing accommodating the motor components where
it flows in heat transfer relation with the components.
A preferred source of liquid refrigerant from the refrig-
_eration machine is in the high pressure side of the ma-
chine, ‘more precisely, liquid from the condenser. In
equipment of the kind under consideration, the interior
of the motor housing is:in communication with the inlet
of the compressor so as to be under a relatively low
‘pressure. The high pressure liquid refrigerant-is intro-
duced into the interior of the motor casing where a cer-
tain' amount of flashing-off of the liquid refrigerant oc-
curs. This action results in the cooling of the portion
of the unvaporized liquid refrigerant remaining in the
mixture of vaporous and liquid refrigerant for flow in
heat transfer relation with the heat producing motor com-
ponents. After passing through the components of the
motor to be cooled, substantially all of the liquid refrig-
erant in the mixture is converted to the gaseous state and
introduced into the inlet of the compressor..

The chief object of this invention is the provision of

"an improved arrangement for cooling the motor of a her-

metic motor-compressor unit in a refrigeration machine
wherein liquid refrigerant from the refrigeration machine
is employed as a cooling medium.

Another object of the invention is the provision of an
improved arrangement for cooling the motor of a motor-
compressor unit of the kind under consideration wherein
liguid refrigerant from the high pressure side of the ma-
chine is employed as a cooling medium.

A still further object of the invention is the provision
of improved motor cooling apparatus of the kind under
consideration wherein the relatively warm high pressure
liquid refrigerant is subcooled in the low pressure portion
of the machine prior to its use as a cooling medium for
the motor. . ‘ S

A still further object of the invention is. the provision
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of an arrangement for cooling the motor of a motor-com-
pressor unit wherein novel arrangement is employed for
distributing the liquid refrigerant throughout the housing
of the motor.

Another object of the invention is the provision of a
novel method of cooling the motor driving a compressor
in a refrigeration machine.

Another object of the invention is the provision of a
novel method of cooling a motor employed in a facility
or plant including a working fluid as the cooling medium
for the motor. ‘

These and other objects of the invention will be ap-
parent upon a consideration of the ensuing specification
and drawings in which:

FIGURE 1 is a diagrammatic view of a refrigeration
machine employing a motor compressor unit as a com-
pressor thereof wherein the novel cooling means form-
ing the subject of this invention are illustrated.

FIGURE 2 is a fragmentary view of a portion of the
motor assembly illustrating a part of the arrangement
for promoting flow of cooling medium through the motor.

FIGURE 3 is a partial diagrammatic view, similar to
FIGURE 1 of a modification of the invention.

Referring more particularly to the drawing for an il-
lustration of a refrigeration machine of the type to which
this invention applies, motor-compressor unit 10 includes
a compressor section or compartment 12 and a separate
motor section or compartment 14 arranged within a hous-
ing 16. The compressor is arranged so as to extract gas-
eous refrigerant from evaporator 18 and discharge it at
relatively high pressure through line 20 to a condenser
22. In the condenser the gascous refrigerant is converted
to the liquid phase through heat transfer with a cooling
medium such as a source of relatively cool water supplied
through coil 21. From the condenser 22 liquid refrig-
erant flows through an opening controlled by a float valve
24 and line 26 to evaporator 18 where it is converted
to the gaseous state through heat transfer with a medium
such as water flowing in a circnit including coil 40, sep-

~arate from the circuit supplying the water to the con-

denser.” - The circuit including coil 40 supplies cool water
to an air conditioning plant, not shown. :
In order that the motor 30, employed to drive the

- compressor- impeller 32, be suitably cooled, there is pro-

vided-a line 33 connected to the portion of the condenser
22 wherein liguid refrigerant collects and to branch lines
35 and 36 connected in turn to apertured headers 35’ and
36" in the casing forming the housing for the motor as-
sembly.

In the motor compartment 14 there is provided the
usual stator member 38 and rotor member 39. The rotor
is assembled in the usual manner with the drive shaft 41
and is provided with a number of openings 42 extending
axially through the laminations thereof for the purpose of
providing passages for the flow of cooling medium in a
manner to be later described. The stator is likewise
provided with openings similar to those formed in the
rotor to provide passages for the flow of cooling medium.

Circumferentially oriented spacer bars 41’ connect.the

stator to the inner surface of casing 16 and form passages
between the stator and housing structure. Line 44 is

‘provided for the purpose of returning gaseous refrig-

erant formed in the motor compartment to the inlet of

.the compressor. Thus it will be apparent that the gaseous

refrigerant warmed by passage in heat transfer relation to
the motor components is re-introduced into the refriger-
ation machine.

One of the features of this invention involves providing
a portion 45 of the line 33 in heat transfer relation with
the liquid refrigerant supplied to the evaporator., Thus
the relatively warm high pressure liquid refrigerant from
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the condenser is cooled prior to its introduction into the
motor compartment. Restrictions 48 and 49 are shown
provided in branch lines 35 and 36 for the purpose of
maintaining a pressure difference between the high pres-
sure side of the machine and the low pressure side of
the machine as well as to meter refrigerant flow in lines
35 and 36. Strainer 37 is provided in line 33 to filter
foreign material that may clog the apertures in headers
35’ and 36". Also located in branch line 35 for a purpose
to be later described is a valve member 50 of the well
known thermal expansion type. The valve 50 includes a
bulb 51 disposed in heat transfer relation with the refrig-
erant passing through the stator and a capillary 52 pro-
viding communication between the bulb and the valve.
The valve assembly described is charged with a thermal
responsive fill such that the valve is opened in response
to a refrigerant or stator temperature of a predetermined
value,

Thus with the arrangement provided, liquid refrigerant
is continuously supplied to the interior of the casing
through branch line 36. Under circumstances where the
cooling requirement remains unsatisfied, valve 50 opens
and permits the supply of additional liquid refrigerant to
the interior of the motor casing. It will be observed that
:the lines 35 and 36 terminate in the headers located ad-
jacent the ends of the rotor in the area between the end
" rings 60 and 60’ and the rotor. Upon delivery of liquid
refrigerant the rotary motion of the rotor imparts cen-
trifugal forces to the refrigerant draining through the
header apertures to cause the liquid refrigerant to collect
against surface 61 of the motor rotor end ring 60, note
FIGURE 2, by action similar to a centrifuge.

In order to effectively feed the liquid refrigerant em-
anating from header 36’ to the passages 42 in the rotor
39, a flat ring member 63 is secured to the surface 61’ of
end ring 60 to form a confining pocket with the end ring
for receiving liquid refrigerant flung there by centrifugal
forces generated by the shaft 41. A particular feature of
the invention is the utilization of the construction de-
scribed to assure flow of liquid refrigerant through the
rotor passage 42. To this end, the flat ring 63 is arranged
to overlie a portion of the end of the passage 42 so that
a head of liquid is available for flow through the passage.

To assist in the flow of refrigerant through passage 42,
end ring 60’ has secured thereto a plurality of axially
extending, circumferentially spaced blades 64, operable
to create a suction within the end of the passage adjacent
the blades. Flow of liquid refrigerant through rotor
passage 42 is thus assured and delivery of the refrigerant
through stator passages 42 or in the space between the
stator and housing under the influence of the blades 64
is promoted through a path as indicated by the arrows.

The end ring 60’ is not equipped with a restricting ring
similar to ring 63. However, upon delivery of liquid
refrigerant through header 35’ the blades 64 and ring 60’
are effective to atomize the refrigerant and force it
through the path shown by the arrows.

FIGURE 3 represents a modification of the invention
wherein radial passages 43a are provided in the rotor for
the purpose of assuring flow of coolant to the space be-
tween the rotor 394 and the stator 38a. The passages 43a
connect with passages 424 and coolant flow occurs in
the manner indicated by the arrows because the fan,
represented by blades 64a imposes a slight pressure in the
space between the rotor and stator.

Another feature of the modification shown in FIGURE
3 involves the supply of liquid refrigerant to the interior
of the casing. A passage 65 and a passage 66 are pro-
vided in the wall structure of casing 16a. Fitting 67
having an annular space 68 in communication with pas-
sage 66 is provided with small passageways 69 serving
as nozzles for delivering liquid coolant to the interior of
the casing.

An additional feature of the invention involves the in-
clusion of valve 70 in line 44 connecting the motor cas-
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ing and the evaporator., Valve 70 is connected, through
capillary 71, with condenser 22. Line 73 serves to con-
nect the operating mechanism of the valve with the motor
compartment. Thus the valve responds to a relationship
between condenser and motor compartment pressite.
Valve 70 is provided to maintain a suitable pressure
difference between the interior of compartment 14 and
the condenser. In this manner, refrigerant leakage across
labyrinth seal 75 to the compartment 12 is assured, while
lubricant flow in the opposite direction across the laby-
rinth is prevented. Vent line 76 provides a path for the
return of the refrigerant escaping from compartment 14
to the suction of the impeller. Valve 70 is constructed
50 that restricted communication between the evaporator
and compartment 14, through line 44, is always assured.
To this end, a stop element preventing closure of -the
valve 'may be employed in the valve construction, At
machine startup, pressure throughout the machine is sub-
stantially constant. Valve 70 is arranged so as to be in
its open position permitting communijcation between the
evaporator and compartment 14 through line 44. As the
pressure in the high pressure side of the machine in-
creases, relative to the pressure in the low pressure side
of the machine, the valve closes to maintain a pressure
in the compartment 14 intermediate ‘the high and low
pressures in the machine, Preferably, the valve is de-
signed to maintain a pressure within compartment 14
below the condenser pressure by a predetermined value
and to function to maintain the pressure differential con-
stant over a wide range of condenser pressures. With
the valve operable in the manner described, efficient heat
transfer action is accomplished due to the character of
the gaseous refrigerant circulating in compartment 14.
It is well known that gaseous refrigerant of relatively
high temperature has more favorable specific heat and
specific density properties than lower temperature gaseous
refrigerant making it more desirable for some heat trans-
fer applications.

Considering the operation of the invention illustrated,
liquid refrigerant formed in the condenser flows through
line 33 via portion 45 and branch 36 to the interior of the
casing housing the motor. The refrigerant, upon intro-
duction into the motor housing, has portions thereof flash-
off or vaporize to combine with the remaining liquid por-
tions to form a cooling medium for flow through the pas-
sages formed in the rotor and stator members in the
manner described. If desired, suitable baffling may be
incorporated within the housing in the interest of pro-
moting flow in any given direction.

After the refrigerant has passed through the passages
formed in the rotor and stator, it is substantially com-
pletely vaporized as it absorbs heat radiating from the
motor components. With the arrangement described, the
vaporized refrigerant is withdrawn through the line 44.
It is also possible with the arrangement shown to calcu-
late the rate of liquid flow such that the gas flowing in
line 44 is not superheated beyond a desirable minjmum
value. Under certain circumstances where the condens-
ing temperature drops, as for example, when the outdoor
temperature falls and an air cooled condenser is em-
ployed, it is desirable that additional flow of refrigerant
to the motor casing be provided. The need for additional
flow will be reflected in the temperature of the stator
which, in turn, will be sensed by valve 50, the valve open-
ing under these circumstances to supply lquid refrigerant
through branch line 35.

It will thus be appreciated that an improved method of
and apparatus for cooling a motor with liquid refrigerant
is provided. The method and apparatus involved enable
cooling of the motor to be conducted under circumstances
where power loss and performance loss are held to a
minimum.

While we have described preferred embodiments of the
invention, it will be understood that the invention is not
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limited thereto since it may be otherwise embodied with-
in the scope of the following claims.

We claim:

1. Refrigeration apparatus comprising a compressor; a
motor including a drive shaft coupled to the compressor,
a rotor assembled about the drive shaft, end rings secured
to and extending axially from the terminal portions of the
rotor, a stator assembled about the rotor and a housing
enclosing the drive shaft, rotor and stator, said rotor and
stator being provided with passages extending there-
through; a condenser; an evaporator; a refrigerant flow
control member interposed between the condenser and
the evaporator; and lines connecting the compressor, con-
denser and evaporator to form a closed circuit for the
flow of refrigerant; conduit means connecting a portion
of the circuit accommodating liquid refrigerant and the
housing, said conduit means terminating in said housing
adjacent said rotor so that refrigerant delivered to the
housing through said conduit means is subjected to flow
under the influence of centrifugal forces developed by
the rotating drive shaft and rotor, means forming with
one of said end rings a pocket, having communication
with at least one of the rotor passages, accumulating re-
frigerant flowing under the influence of the said centrifu-
gal forces and means providing a passage for return of
refrigerant from the housing to the circuit.

2. The invention set forth in claim 1 including means
for inducing flow of refrigerant from the pocket through
the passage. ‘

3. The invention set forth in claim 2 wherein said last-
mentioned means are-connected to the end ring remote
from the end ring forming the refrigerant accommodating
pocket.

4. The invention set forth in claim 3 wherein said last-
mentioned means are circumferentially spaced axially ex-
tending blades arranged to induce refrigerant flow through
said rotor passage and upwardly through said stator pas-
sages so as to pass in heat transfer relation therewith.

5. The invention set forth in claim 1 wherein said con-
duit means includes branch portions providing paths of
flow to spaced locations within said housing.

6. The invention set forth in claim 5 wherein said
branch portions terminate adjacent the opposed end rings
on the rotor.

7. The invention set forth in claim 6 wherein thermally
responsive control means are provided in at least one of
said branches for regulating flow of refrigerant therein,

8. Refrigeration apparatus comprising a compressor; a
motor including a drive shaft coupled to the compressor,
a rotor assembled about the drive shaft, end rings secured
to and extending axially from the terminal portions of the
rotor, a stator assembled about the rotor and a housing
enclosing the drive shaft, rotor and stator, said rotor and
stator being provided with passages extending there-
through; a condenser; an evaporator; a refrigerant flow
control member interposed between the condenser and
the evaporator; and lines connecting the compressor, con-
denser and evaporator to form a closed circuit for the flow
of refrigerant; conduit means connecting the condenser
and the housing, said conduit means terminating in said
housing adjacent said rotor so that refrigerant delivered to
the housing through said conduit means is subjected to
flow under the influence of centrifugal forces developed
by the rotating drive shaft and rotor, means forming with
one of said end rings a pocket, having communication
with at least one of the rotor passages, for the accumula-
tion of refrigerant flowing under the influence of the said
centrifugal forces and means providing a passage for re-
turn of refrigerant from the housing to the circuit.

9. The invention set forth in claim 8 wherein means
are provided for inducing flow of refrigerant through the
passage from the pocket.

10. The invention set forth in claim 9 wherein said
last-mentioned means are connected to the end ring re-
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mote from the end ring forming the refrigerant accommo-
dating pocket.

11. The invention set forth in claim 10 wherein ther-
mally responsive control means are provided in at least
one of said branches for regulating flow of refrigerant
therein.

12. Apparatus for cooling a motor having a drive shaft
for connection with a rotatably driven component of a
facility incorporating a working fluid suitable as a coolant
for the motor, a rotor having passages extending there-
through and end rings secured to the opposite ends thereof,
a stator having at least one passage therethrough; conduit
means for supplying coolant from the facility to a loca-
tion adjacent the area defined by the end ring and shaft;
means including a relatively flat, thin ring assembled with
one of said end rings so as to form an inwardly extending
flange and present a pocket in communication with said
rotor passage for the accommodation of coolant propelled
radially outwardly relative to said drive shaft under the
influence of centrifugal forces developed: thereby; and
means operatively associated with said other end ring for
inducing flow of coolant first through said rotor passage
and then through said stator passage. '

13. Refrigeration apparatus comprising a compressor;
a motor for driving said compressor, said motor including
a housing, a stator, a rotor and a drive shaft assembled
within said rotor and operatively connected to said com-
pressor; a condenser for receiving gaseous refrigerant dis-
charged from said compressor and converting it to the
liquid phase, an evaporator for receiving liquid refriger-
ant from the condenser and converting it to gaseous refrig-
erant; refrigerant flow control means interposed between
the condenser and the evaporator; means forming a path
for the flow of a portion of the liquid refrigerant formed
in the condenser to the motor housing, said means includ-
ing a line having a portion in heat transfer relation with
the liquid refrigerant flowing in the low pressure side of
the apparatus; means forming passages for the flow of
refrigerant delivered to said housing through said line in
heat transfer relation with said rotor and stator members
and a line connecting the motor housing and the apparatus
providing a path for the flow of gas heated by flow through
the motor housing to the refrigeration system.

14. The invention set forth in claim 13 wherein means
are provided in said last-mentioned line for controlling
flow of refrigerant therein.

15. The invention set forth in claim 14 wherein said
means includes a valve operable in response to a pre-
determined relationship between condenser pressure and
motor housing pressure.

16. The invention set forth in claim 15 wherein said
valve is operative to provide at least restricted communi-
cation between the evaporator and motor housing inde-
pendently of condenser and motor housing pressure.

17. The method of cooling a motor including a drive
shaft, a rotor having at least one passage formed therein,
end rings secured to opposite ends of said rotor, a stator
having at least one passage and a housing surrounding
said drive shaft, rotor and stator; which comprises the
steps of delivering a cooling medium within the housing
adjacent the rotatably driven drive shaft, collecting cool-
ing medium flowing radially outwardly under the influence
of centrifugal forces developed by the drive shaft, con-
fining the collected cooling medium in a space having
communication with the rotor passage so as to provide a
liquid head for the flow of collected cooling medium
through the passage.

18. The method of cooling a motor, having heat gen-
erating components positioned within a housing, employed
to drive a compressor in a refrigeration machine including
a condenser, evaporator and refrigerant flow metering
means connected to form a closed circuit for the flow of
refrigerant which comprises the steps of forwarding liquid
refrigerant formed in the circuit to the housing, supplying
the lignid refrigerant to the motor components so that at
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least a portion is subject to centrifugal force developed by
the rotation of the motor components, collecting the refrig-
erant flowing under the influence of the centrifugal force,
feeding the refrigerant through a path including the heat
generating components of the motor to cool same, extract-
ing the refrigerant heated by flow through said housing
and controlling the pressure within said housing by regu-
lating the extraction of refrigerant from the housing.

19. The method set forth in claim 18 wherein said
last step includes controlling the extraction of refrigerant
in response to a relation between the condenser and
motor housing pressure.

20. The method of cooling a motor, having heat gen-
erating components positioned within a housing, employed
to drive a compressor in a refrigeration machine includ-
ing a condenser, evaporator and refrigerant flow metering
means connected to form a closed circuit for the flow of
refrigerant which comprises the steps of forwarding liquid
refrigerant formed in the circuit to the housing, supplying
the liquid refrigerant to the motor components so that at
least a portion is subject to centrifugal force developed
by the rotation of the motor components, feeding the
refrigerant through a path including the heat generating
components of the motor to cool same, extracting the
refrigerant heated by flow through said housing and con-
trolling the pressure within said housing by regulating
the extraction of refrigerant from the housing, down-
stream of the housing, and controlling the extraction of
refrigerant in response to a relation between an operating
characteristic of the condenser and motor housing
pressure.

21. Apparatus comprising a motor having a drive shaft
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connected with a rotatably driven component of a facility
means incorporating a working fluid suitable as a coolant
for the motor, a rotor on the drive shaft having passages
extending axially therethrough with branches extending
radially therefrom to the periphery of the rotor, end rings
secured to the opposite ends thereof, a stator having at
least one passage therethrough; conduit means for supply-
ing coolant from the facility means to a location adjacent
the area defined by one end ring and shaft; means includ-
ing a relatively flat, thin ring assembled with one of said
end rings so as to form an inwardly extending flange and
present a pocket in communication with said rotor passage
for the accommodation of coolant propelled radially out-
wardly relative to said drive shaft under the influence
of centrifugal forces developed thereby; and means opera-
tively associated with said other end ring for inducing
flow of coolant first through said rotor passage and then
through said stator passage.
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