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This invention relates generally to refrigeration sys 
tems. More specifically this invention pertains to re 
frigeration systems of the type utilizing a motor driven 
centrifugal compressing unit. Still more specifically this 
invention concerns a refrigeration system of the type 
under consideration wherein improved means are pro 
vided for cooling the motor which supplies rotational 
movement to the rotor of the compressor. 
A refrigeration system of the type under consideration 

includes, in addition to the compressor mentioned above, 
an evaporator, a condenser, and an economizer, all inter 
connected in a manner so as to form a closed circuit for 
the flow of a refrigerant. Refrigerant in liquid form is 
passed into the evaporator and vaporized therein as heat 
is extracted from a medium such as water or the like pass 
ing in heat exchange relation with the refrigerant in the 
evaporator. 
by the compressor from the evaporator and forwarded at 
a higher pressure to the condenser where the refrigerant 
is once again converted to the liquid state when it is 
passed in heat exchange relation with a cooling medium. 
When a centrifugal compressor is used it is common prac 
tice to insert in the circuit between the condenser and 
the evaporator an economizer designed to effect a pres 
sure change in the system which in turn causes a por 
tion of the liquid refrigerant to vaporize. The gaseous 
refrigerant so formed in the economizer then passes to 
the compressor and is introduced therein at an inter 
mediate stage of compression in the interest of economi 
cal operation of the system. 

It is the chief object of this invention to provide an 
arrangement for cooling the motor driving the compressor 
by passing substantially water-free gaseous refrigerant 
formed in the economizer in heat exchange relation with 
the motor. This, provides a cooling action for the motor 
as heat flows from the motor to the cooler economizer 
gas. Additional heat is added to the refrigerant cycle 
at a higher temperature level as the heated gas flows to 
an intermediate stage of compression and therefore takes 
iess horsepower at the compressor. Heretofore it has 
been proposed to utilize a conventional cooling jacket 
employing water or some other cooling medium about 
the casing of the motor. Obvious disadvantages arise 
when a constriction of this type is used such as leakage, 
scaling and inadequate cooling. Accordingly the ar 
rangement proposed wherein gas from the economizer 
is used to cool the motor affords many advantages, chief 
among which is the elimination of the sealing problems 
involved in the jacket type cooling arrangement. 

Another object of this invention is the provision of 
an arrangement for ensuring passage of refrigerant in 
heat exchange relation with the motor under substan 
tially all machine loadings so that even when the re 
frigeration system is operating at a low load, refrigerant 
is available for cooling. This object may be achieved 
by means permitting passage of gaseous refrigerant from 

The vaporous refrigerant is then withdrawn . 
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the condenser to the motor during certain predetermined 
conditions of operation of the refrigeration system. 
Another object of the invention is the provision of 

an arrangement for ensuring the flow of a supply of re 
frigerant to the motor compartment from a second source 
in the refrigeration system on those occasions when flow 
of refrigerant from the economizer to the motor compart 
ment would be insufficient to obtain proper cooling of 
the motor. 
A still further object of the invention is the provision 

of an arrangement for controlling the flow of refrigerant 
in the line connecting the economizer and the motor 
casing to prevent the introduction, during those periods 
when the evaporator pressure may exceed the pressure in 
the line, of an excessive quantity of liquid refrigerant 
into the motor casing from the economizer. 

Other objects and features of the invention will be 
apparent from a consideration of ensuing specification 
and drawings wherein: 

Figure 1 is a schematic drawing of a refrigeration sys 
tem utilizing the invention; 

Figure 2 is a graphical representation showing a com 
parison of the amount of work involved in the system 
When gaseous refrigerant is used to cool the motor driv 
ing the compressor in the system; 

Figure 3 is a schematic view of one arrangement for 
ensuring passage of refrigerant from the condenser to the 
line connecting the economizer and the motor casing; 

Figure 4 is a fragmentary view showing, diagrammati 
cally, one arrangement for controlling a valve in the line 
connecting the economizer and the motor casing; 

Figure 5 is a fragmentary view showing diagram 
matically a modification of the control illustrated in Fig 
lure 4; 

Figure 6 is a view partly in elevation and partly in 
section showing the path of flow of the refrigerant through 
the motor; and 

Figure 7 is a partial view in section along lines 7-7 
on Figure 6. This figure is reduced in size. 

Referring more particularly to the drawings it will be 
noted that there is shown a motor-compresor unit 10 
including a casing i provided with a partition 12, divid 
ing the unit into a first compartment 13, housing the 
compressor 40 and a second compartment 14 housing 
the motor 41. While the unit shown illustrates a her 
metic compressor, that is a compressor and motor sealed 
within the same casing, it will be obvious that the in 
vention will apply in those circumstances where the 
motor is provided with a separate enclosure from the 
enclosure for the compressor. 

For purposes of clarity these elements have not been 
illustrated in the drawings. Line 15 is shown extending 
outside the casing of the motor compressor unit and 
serves to permit communication between the motor com 
partment 4 and the compressor compartment 13. Dis 
charge line 16 connects the compressor unit with the 
condenser 57 having a conventional purge, not shown. 
Gaseous refrigerant passes from the compressor to the 
condenser through line 16 and is converted to the liquid 
phase through the action of a cooling coil 18 in the usual 
manner. Line 9 connects the condenser with a receiver 
20 having an outlet line 21 under the influence of a valve 
22 responsive to the operation of the float 23. It will be 
understood that member 91 confines the path of move 
ment of the float. In addition to the construction de 
scribed the receiver 20 includes a standpipe 24 communi 
cating with a line 25 disposed substantially parallel to 
the outlet line 2. The end of the standpipe projecting 
upwardly into the receiver is provided with an orifice 26, 
the purpose for which will be later described. Liquid 
refrigerant from the receiver passes to the economizer 30, 
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through line 28, which is in communication with both 
outlet line 21 and standpipe line 25. The economizer 
is provided with a liquid chamber 31 equipped with a 
float valve 32, and a vapor compartment 33 equipped 
with an eliminator 34. The operation of the economizer 
is well-known to those versed in the art, it being under 
stood that refrigerant vapor flashing in the economizer 
is forwarded to the compressor while the liquid refrig 
erant cooled by the flashing action passes through the 
valve and on into the evaporator or low pressure zone. 
where it is passed in heat exchange relation with the 
medium to be cooled. Line 35 permits the passage of 
the liquid refrigerant from the economizer to evaporator 
36. Coil 37 accommodates the medium to be cooled as 
heat is extracted therefrom by the cooler refrigerant. 
The refrigerant as it is passed in heat exchange relation 
with the medium in coil 37 is converted to the gaseous 
phase and flows in that phase to the compressor through 
suction line 38. w w - 

Line 39 is connected to the economizer and permits passage of gas or vaporous refrigerant generated therein 
to the motor compartment of the motor-compressor unit. 
The gas then flows around the motor and through line 15 
into the compressor compartment of the motor-com 
pressor unit. The motor operating at a temperature in 
excess of the gaseous refrigerant is cooled as the cooler 
refrigerant gas flows in contact therewith. 

Referring more particularly to Figures 1, 6 and 7 for 
a description of one arrangement for ensuring flow of 
gaseous refrigerant over the motor it will be noted that 
the gaseous refrigerant formed in the economizer enters 
the motor compartment 14 at one side thereof. A small 
portion of the gaseous refrigerant flows through the space 
or clearance between the rotor 42 and the stator 43 and 
a portion of slots 43. 
The stator 43 is constructed by connecting individual 

packages of the usual laminated structure together in 
spaced relation with positioning bars 45 shown diagram 
matically and maintaining them in this position by cir 
cumferentially spaced rods 44 cooperating with support 
blocks 44'. The bars 45 form ventilating passages 48 
between the individual packages. The inside of the hous 
ing is also provided with longitudinally extending cir 
cumferentially spaced members 45’ adapted to overlie 
the rods 44 and to form therewith longitudinally extend 
ing passages 46. To complete the passages 46, sheet 
metal blocking members 47 are placed at alternate en 
trances of passages 46 and at alternate exits, so that those 
passages having their entrance blocked have an unob 
structed exit, and those passages having an unobstructed 
entrance have a blocked exit, Gaseous refrigerant flow 
ing through the motor enters the unrestricted portion of 
the passages 46. Portions of the gas flowing through pas 
sage 46 flow radially inwardly toward the rotor through 
the longitudinally spaced vents or passages 48 provided 
by the spaced packages. Circumferentially spaced radial 
baffles 49 are positioned in radial alignment with rods 44. 
Bafiles 49 terminate short of the rotor and serve to deter 
mine the circumferential limits of the gas flow. The in 
ward flow of gaseous refrigerant through passage 48 is 
also circumferential to an extent determined by the 
baffles 49. The path of flow then continues outwardly 
from the rotor to that portion of passage 46 having an 
unobstructed outlet. 
Thus the gaseous refrigerant from the economizer en 

ters each of the unobstructed, circumferentially spaced 
passages 46. As the gas flows longitudinally of the rotor 
in the passage 46, portions thereof "peel off' and flow 
inwardly through the longitudinally spaced passages 48. 
Flow of gas through passages 48 is also in a transverse 
or circumferential direction so that the gas flow is in 
alignment with the passage 46 adjoining the original en 
trance passage. As pointed out this passage 46 has an 

- - - 4. 

outwardly or away from the rotor it enters a passage 46 
having an exit communicating with line 15. Suitable 
baffles, not shown, permit the cooling gas to be dis 
tributed over the ends of the windings projecting beyond 
the stator. 

Referring more particularly to receiver 20, it will be 
obvious that under conditions of reduced load, as repre 
sented, for example, by a reduction in the temperature 
of the medium flowing through coil 37, the quantity of 
liquid refrigerant in the receiver may drop below the 
upper end of the standpipe 24. The float valve 23 will 
act to close the opening between the receiver 20 and the 
line 21 as the system tends to reach equilibrium. With 
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the construction shown gaseous refrigerant will flow 
through the opening 26, standpipe 24 to the economizer 
30 and into the motor compartment 14 of the compressor 
unit. This arrangement provides cooling for the motor 

While one arrangement 
for accomplishing the motor cooling at low loads has 
been shown, other constructions will suggest themselves 
to those skilled in the art. For example, a conventional 
two chamber economizer may be employed in place of 
the receiver and economizer construction shown. Under 
these circumstances one of the economizer chambers, the 
upper one normally, would serve the same purpose as 
the receiver 20. Thus when a change in a System oper 
ating condition, such as a low load or a high tempera 
ture of the condensing medium occurs, gaseous refriger 
ant would flow to the motor through the first economizer 
chamber. 
Another arrangement for ensuring passage of con 

denser gas to the motor casing at low load conditions 
is shown in Figure 3 and involves forming the valve 
member in the receiver undersize in comparison to the 
size of the opening in the bottom of the receiver. Thus un 
der light or low loads, when all the liquid drains through, 
an opening will be assured for the passage of gas. The 
liquid will then collect in the economizer where the 
valve member prohibits passage of refrigerant to the 
evaporator. Thus at low loads the undersized valve will 
still function to create a pressure drop and will at the 
same time permit passage of condenser gas to the motor 
casing while at higher loads only liquid will enter the 
valve. Guiding member 90 confines the movement of 
the valve to a substantially vertical path. An arrange 
ment in the form of a stop member limiting the throt 
tling action of the valve by limiting the operation of the 
float will also provide the desired clearance. 

Another feature of this invention resides in the con 
trol of the flow of refrigerant in the line connecting the 
economizer and the motor casing. Under certain op 
erating conditions the pressure within the evaporator may 
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exceed the pressure in the line connecting the economizer 
and the motor casing. For example, the condenser pres 
sure might drop causing a corresponding drop in the 
economizer or intermediate stage compressor pressure 
to a point below the evaporator pressure. Flow of liq 
uid refrigerant upwardly through line connecting the 
economizer and the motor casing would then occur due 
to the reduction of the pressure in the line 39. In or 
der to prevent this situation, a flow controlling member, 
shown in the form of a damper 50, is assembled in the 
line 39. Movement of the damper may be under the 
control of linkage responsive to a relationship between 
economizer and evaporator pressure. Pivotally . con 
nected to the damper below the pivoted connection be 
tween the damper and the sides of the conduit or line 
is an arm 51 having one end pivotally secured to one arm 
of bell crank lever 52. The lever 52 is keyed to cross 
shaft 53. Rod 54 is also connected to the lever 52. The 
end of rod 54 opposite to the end connected to the 
lever 52 is fixed to a bellows 55. The interior of the 
bellows is in communication with a tube 56 which in 

unobstructed exit so that as the gas in passage 48 flows 75 turn is in connection with evaporator pressure through 
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line 57. Movement of the bellows occurs in response to 
pressure differences between the economizer and the 
evaporator. An opening 80 in the damper 50 permits 
some communication between the economizer and the 
motor casing. In the illustrated embodiment the throt 
tling action of the damper 50 causes the pressure to 
rise in the economizer up stream from the damper. 

Figure 5 illustrates another arrangement for actuat 
ing the control damper in the line connecting the econo 
mizer and the motor compartment. An additional float 
valve 60 is provided in the economizer and is positioned 
so as to be unaffected by the normal operating level 
of liquid in the economizer. However, when an abnor 
mal accumulation of liquid occurs in the economizer, 
a situation indicative of an evaporator pressure approach 
ing or in excess of that in the economizer then the 
float valve 60 operates to close damper 50 through the 
connecting arm 61, bell crank 62 and rod 63. 

Heretofore it has been proposed to use the gaseous 
refrigerant in the suction line as a cooling medium for 
the motor employed to drive the compressor. However, 
the gaseous refrigerant emanating from the economizer 
permits the attainment of certain benefits not realized 
when the suction gas is used. For example, when gas 
eous refrigerant is used to cool the motor, the gas sus 
tains a pressure drop and is superheated as it flows 
in heat exchange relation with the motor. The amount 
of work performed in the compression phase of the 
process is directly related to the amount of pressure drop 
and superheat involved. The additional work necessary 
when the suction gas is used to cool the motor to off 
set these conditions is shown graphically in Figure 2. 
The area encompassed by lines AB, BC, CD, ED, EF 
and FA illustrates, normally, the work done as the 
gas is compressed. Line AB represents the volume of 
gas at the compressor inlet. Line CD represents an in 
crease in volume caused by the introduction of the 
economizer gas at an intermediate stage of compression. 
The lines GH, HJ, JK, KL, LF and FG illustrate the 
work done when a volume of suction gas has been en 
larged due to the pressure drop and superheating of the 
gas with area ABRG, the increase due to pressure drop 
and the remainder due to superheating. It will be ob 
vious that when the economizer gas is used as a cool 
ing agent for the motor the additional work to be per 
formed is limited to the area depicted by the lines MN, 
NL, LE, ED, DC and CM. Here area CMWD repre 
sents additional work due to pressure drop of the gas 
through the motor and the remainder due to super 
heat. It will also be obvious that for the same amount 
of work involved a greater pressure drop may be sus 
tained with the economizer gas (thus permitting more 
effective heat transfer). 
A further advantage available through the use of 

economizer gas obtains by virtue of the density of the 
gas. The gas flowing from the economizer being denser 
than the suction gas provides a more efficient heat ex 
change action between the motor elements and the gas. 
A still further feature involved in using economizer 

gas as a motor cooling medium resides in the fact that 
the economizer gas is relatively dry in the sense that it 
has a low relative humidity. Consequently the econo 
mizer gas has the inherent ability to absorb moisture. 
This feature becomes important when operation of the 
refrigeration machine resumes after a shutdown period. 
Very often during the shutdown period the windings 
of the motor may absorb moisture present in the sys 
tem. The economizer gas, upon start up, will have the 
ability to absorb this moisture because of its low rela 
tive humidity. 

While we have described certain preferred embodi 
ments of the present invention, it will be understood 
the invention is not limited thereto since it may be 
otherwise embodied within the scope of the following 
claims. 
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6 
We claim: 
1. In a refrigeration system including a compressor, 

a motor for operating the compressor, a condenser, an 
economizer, and an evaporator connected to form a 
closed circuit for the flow of a volatile refrigerant, means 
for controlling the flow of liquid refrigerant formed in 
the condenser to the economizer, means for delivering 
gaseous refrigerant formed in the economizer in heat 
exchange relation with the motor to cool the motor, 
said liquid refrigerant flow control means being operable 
in the absence of liquid refrigerant to assure communica 
tion between the condenser and the economizer and thus 
afford a passage for gaseous refrigerant to the econo 
mizer. . . . . . - 

2. The invention set forth in claim 1 wherein said 
liquid refrigerant flow control means includes a receiver, 
interposed in the refrigeration circuit between the con 
denser and the economizer, adapted to collect liquid 
refrigerant for subsequent passage to the economizer. 

3. The invention set forth in claim 2 wherein said 
receiver is provided with a first opening, a float valve 
controlling passage through said opening and means pro 
viding a second passage from the receiver when passage 
through the first opening is prevented by operation of the 
float valve. 

4. A refrigeration system comprising a compressor, a 
condenser, an economizer, an evaporator, lines intercon 
necting the elements to form a closed circuit for the 
flow of a refrigerant, a motor including a casing for 
operating said compressor, means including a line con 
necting the economizer with the motor casing providing a 
path of flow for gaseous refrigerant formed in the econo 
mizer in heat exchange relation with the motor to cool 
the same, means responsive to an operating characteris 
tics of the refrigeration system for controlling the flow 
of refrigerant in said line, and means providing a path 
of flow for the gaseous refrigerant from the motor cas 
ing to the compressor. - 

5. The invention set forth in claim 4 wherein said last 
mentioned means is operable in response to a predeter 
mined relationship between the pressure in the evapora 
tor and the pressure in the economizer. 

6. The invention set forth in claim 4 wherein said last 
mentioned means includes a valve and a linkage for con 
trolling said valve, said linkage being operable in re 
sponse to an abnormal level of liquid refrigerant in the 
economizer. 

7. The method of operating a refrigeration machine in 
cluding a motor driven compressor, a condenser, an econ 
omizer and an evaporator interconnected to form a 
closed circuit for the flow of refrigerant which consists 
in the steps of withdrawing gaseous refrigerant from the 
evaporator, compressing the withdrawn refrigerant and 
forwarding it to the condenser, passing a cooling medium 
in heat exchange relation with the gaseous refrigerant in 
the condenser to liquefy the refrigerant, directing the 
liquid refrigerant to a Zone of relatively lower pressure 
in the economizer whereby portions of the liquid refrig 
erant are vaporized, directing the vaporized portions of 
the refrigerant in the economizer into heat exchange re 
lation with the motor driving the compressor, forward 
ing the liquid refrigerant in the economizer to the evapo 
rator and controlling the flow of the refrigerant from 
the economizer to the motor in response to a predeter 
mined pressure relationship between the evaporator and 
the economizer. 

8. In a refrigeration system including a motor driven 
compressor, a condenser, an economizer, and an evapora 
tor connected to form a closed circuit for the flow of 
refrigerant, the method of cooling the motor which con 
sists in the steps of withdrawing gaseous refrigerant from 
the evaporator and forwarding it to the condenser at a 
higher pressure, converting the vaporous refrigerant in 
the condenser to the liquid phase, directing the liquid 
refrigerant from the condenser to a zone of lower pres 
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sure in the economizer, forwarding the gaseous refrig 
erant formed in the economizer to the motor casing, di 
recting the refrigerant introduced into the motor casing 
into heat exchange relation with the motor, supplying 
under predetermined operating conditions gaseous refrig 
erant from the condenser for flow in heat exchange re 
lation with the motor and transmitting the liquid refrig 
erant in the economizer to the evaporator. 

9. The invention set forth in claim 1 wherein said liquid 
refrigerant flow control means includes an opening pro 
viding for the passage of liquid refrigerant from the con 
denser to the economizer and a valve member under 
sized with respect to the opening so that communication 
between the condenser and economizer is always possible. 

10. In a refrigeration system, including a compressor, 
a motor for operating the compressor, an enclosure hous 
ing said motor, a condenser, an economizer and an evap 
orator, means forming a path for the flow of gaseous 
refrigerant formed in the economizer in heat exchange 
relation with the motor, and means forming a path of 
flow for the gaseous refrigerant from the motor enclosure 
to a portion of the system having a pressure lower than 
the pressure in the motor enclosure. 

11. The invention set forth in claim 10 wherein means 

8 
are provided for automatically preventing flow of liquid 
refrigerant from the economizer to the motor enclosure. 
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12. In a refrigeration system, a compressor, a motor 
for operating the compressor, a condenser, an economizer, 
an evaporator, lines connecting the system components to 
form a closed circuit for the flow of refrigerant, a line 
connecting the economizer and the motor, a receiver inter 
posed in said system between the condenser and the 
economizer, and means including a valve controlled open 
ing in said receiver and a valve undersized with respect 
to the opening so that communication between the re 
ceiver and the economizer is always possible so as to 
pass condenser gas to the economizer for transmittal to 
the motor. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,249,882 Buchanan -------------- July 22, 1941 
2,277,647 Jones ---------------- Mar. 24, 1942 
2,746,269 Moody -------------- May 22, 1956 
2,768,511. Moody -------------- Oct. 30, 1956 
2,770,106 Moody ---------------- Nov. 13, 1956 
2,776,542 Cooper ---------------- Jan. 8, 1957 


