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Wiy invention relates to dynamo-electric ma 
chines including rotatable and stationary ele 
ments cooperating in tiefining a gap. it is often 
desirable to be able to throttle the flow of what 

5 ever material ills this gap. 
It is an object of the present invention to pro 

vide a novel throttle means for a gap of a 
dynamo-electric machine. 

It is a further object of the present invention 
10 to provide such a throttle means in the form of a 

restricted passage at one or both ends of the 
ga). 

Further objects of the invention lie in the novel 
structure of forming such a restricted passage. 

Still a further object of the invention is to 
provide a restricted passage at each end of the 
gap and in some instances to make one of these 
restricted passages of smaller croSs-sectional area, 
than the other, the cross-sectional area of each 

20 restricted passage being smaller than the Cross 
sectional area of the gap. 

Further objects and advantages of the inven 
tion will be made evident hereinafter. 

Referring to the drawing, 
Fig. 1 is a sectional view of one type of dynamo 

electric machine, shown as being in the form of 
a submersible electric motor. 

Fig. 2 is a sectional view taken on the line 2-2 
of Fig. . 

Fig. 3 illustrates an alternative form of gap 
construction. 
The present application is a division of my ap 

plication entitled "Method of and apparatus for 
reducing skin-friction losses', Serial 627,180 is 

35 sued into Patent Number 1985,887. In that ap 
plication is disclosed a system wherein a vaporiz 
able dielectric is used, this dielectric being formed 
of Such material that it Will eXpel a VapOrOUS ma 
terial if raised to the temperatures existing in 

40 the gap. The System therein disclosed includes 
the use of a heating means formed either by the 
windings of the dynamo-electric machine or by 
an auxiliary source. 
In many installations it is desirable to cool the 

dynamo-electric machine by contacting at least 
a portion thereof with the dielectric liquid. If 
this dielectric liquid is permitted to fill the gap, 
skin-friction losses are unduly high, often 
amounting to several per cent of the output of the 
machine. Further, these losses increase mate 
rially with increased speed, skin-friction losses 
increasing approximately as a third power of the 
angular velocity. This will be apparent from the 
fact that the skin friction loss in such a machine 
is represented by the following equation: 

Loss=ND4 ? ?? 

Where N=speed of rotation (R. P. M.) 
D=diameter of rotor 
g)=a, constant 
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(CE, 12-36) 
The horse-power delivered by an electric motor 
can be represented by the equation: 
Horse-power=CND 
Where C is a constant. 

Thus to ascertain the percentage loss the first 
equation can be divided by the second, result 
ing in : 

Percentage loss=KND 
Where k is a constant, 
Thus it will be apparent that the percentage 

loss not only increases as the square of the speed 
but also as the Square of the diameter of the 
rotor. Thus the invention is also very desirable 
when used in instaliations requiring a large di 
ameter of rotor and results in very marked sav 
ings in this capacity. 
In my application supra, the utilization of the 

vaporizable dielectric greatly decreases these 
losses, and the provision of one or more throttle 
means communicating, with the gap greatly as 
sists in this regard in so far as it tends to retain 
the vaporous material iri the gap... "The use of 
Such restricted passages is not, however, limited 
to a System utilizing a vaporizable dielectric. The 
skin-friction losses existing in a gap are a func 
tion of the viscosity of any liquid which is there 
in. I have found that the gap construction or 
throttle means to be hereinafter described finds 
utility regardless of whether or not a vaporizable 
dielectric is utilized, for if the gap is falled with 
a dielectric liquid the throttle means retains this 
liquid in the gap, thereby permitting this liquid 
to be heated by the dynamo-electric machine to 
such a degree that the viscosity is materially re 
duced. If no such throttle means is utilized, any 
slight heating of the dielectric in this gap tends 
to set up a thermal circulation which quickly 
moves the dielectric therefrom. By use of the 
present invention this flow of the dielectric 
through the gap is materially retarded, thus per 
mitting the dielectric to be increased in tempera 
ture to a degree heretofore impossible. This in 
creased temperature to which a liquid dielectric 
in the gap is subjected reduces the viscosity and 
thus decreases the skin-friction losses. 

In other instances, dynamo-electric machines 
are provided with means for circulating such a 
dielectric liquid from one end of the stator to the 
other for cooling purposes. It is sometimes de 
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sirable to confine a major portion of this flow to . 
these portions of the dynamo-electric machine 
in which maximum cooling efficiency will be ob 
tained, and in this connection it is often desirable 
not to circulate the dielectric liquid through the 
gap but through one or more passages formed 
through the dynamo-electric machine and 
spaced from this gap. The present invention 
Wherein the throttle means is used to restrict the 60 



flow through the gap is very desirable in this re 
gard inasmuch as it permits the major portion 
of the flow to take place through passages spaced 
from the gap. 

5. For illustrative purposes I have illustrated the 
invention in the accompanying drawing as ap 
plied to a Submersible electric notor, though it 
will be clear that the invention is not limited to 
this use. 

10. Referring particularly to Fig.1, I have illus 
trated a submersible motor to supported in a 
well by means not shown, this submersible 
motor providing a shell 2 closed at its upper and 
lower ends by heads 3 and 4 and being posi 

15 tioned below the surface of the external liquid in . 
the Well. Inside the shell f2 is mounted a sta 
tionary element including a stator | 5 which pro 
vides a rotor Opening 6. A rotatable element 
including a rotor 7 is positioned to rotate in the 

20 rotor opening 6, this being accomplished by the 
use of a shaft 8 journalled in bearings 9 and 20. 
The rotor is shown as being provided with longi 
tudinal passages 2, while one or more longitudi 
nal passages 22 are formed between the stator 

25 5 and the shell 2. 
The interior of the shell 2 contains a dielec 

tric liquid 25 which, if desired, may surround the 
working parts of the motor. In the system illus 
trated a baffle 26 extends across the shell 2 be 

30 low the motor and cooperates with the head 14 
in defining a balance chamber 27. The spaced 
baffle 26 also cooperates in defining a motor 
chamber 28, this motor chamber being in open 
Communication with the balance chamber 

35 through one or more small openings 29. If de 
sired, the lower end of the balance chamber 27 
may contain a body of the external liquid which 
is in Surface contact with the dielectric liquid, this 
external liquid entering the balance chamber 

40 through an opening 30. Such a system permits 
Substantially pressure equalization between the 
dielectric liquid and the external liquid, this fea 
ture being desirable both from the standpoint of 
equalizing pressures inside and outside the shell 

45 2 and also substantially equalizing pressures on 
a seal 3 which seals the junction of the shaft 8 
and the head 3. Any suitable type of seal may 
be utilized, the seal illustrated being in the form 
of a fluid-packed seal containing mercury, for 

50 instance. The particular seal utilized is not per 
se a part of the present invention, it being pos 
sible to use any type of seal which effectively 
prevents admixture between the liquids inside 
and Outside the shell. - 
The outer diameter of the rotor f7 is slightly 

smaller than the rotor opening 6 to provide a 
gap 35. Throttle, means is provided at one or 
both ends of this gap, this throttle means being 
illustrated in Fig. 1 as comprising upper and 

60 lower restricting passages 36 and 37. In this em 
bodiment of the invention the rotor opening 6 
is of constant diameter throughout the laminated 
portion of the stator, but the ends of the lami 
nated portion of the rotor 7 provide projections 

65 or beads 38 and 39 which extend outward toward 
the stator but terminate short thereof to define 
the restricted passages 36 and 37. In accom 
plishing this, the end laminations of the rotor 
are punched slightly larger than the interme 

70 diate laminations thereof to give this effect. It 
should be understood, however, that such pro 
jections or beads can be formed either on the 
rotor or on the stator or on both. 
The restricted passages 6 and 3 are of smaller 

75 cross-sectional area than the gap 35, and it is 

55 

from the shell 2. 

2,084479 
sometimes desirable to make one of these pas 
sages of smaller cross-sectional area than the 
other. With a vertically disposed motor, it is 
usually preferable to make the upper restricted 
passage 36 Smaller than the lower restricted pas 
sage 37. Though in other instances this arrange 
ment can be reversed, and in other instances it 
is entirely possible to make the cross-sectional 
areas of these passages equal. Nor is it always 
necessary to use restricted passages at both ends 
of the gap 35. Often entirely successful results 
can be obtained by using only one of these re 
stricted passages. If the gap is to be filled with 
dielectric liquid, and if it is desired to maintain 
this liquid in the gap longer than would other 
wise be the case so as to reduce the viscosity, the 
restricted passage is preferably formed at the up 
per end of the gap. If, however, merely a throt 
ting action of the medium flowing in the gap is 
desired, this restricted passage can be placed at 
either end. 
The shape of the gap 35 in Fig. 1 is greatly 

distorted for illustrative purposes. In actual 
practice the distance across the intermediate por-, 
tion of this gap will be. determined by the char 
acteristic of the motor and will usually be in the 
neighborhood of from .02 to .05 inch, though this 
distance will vary with the desired electrical per 
formance. The distance across the restricted 
passages 36 and 37 may be several thousandths 
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30 
of an inch less and may, for instance, range from . 
.005 to .015 inch, varying with the viscosity of the 
dielectric, the speed of rotation of the shaft, the 
volume of the gap 35, etc. The distanee across 
these restricted passages, is not, however, ex 
tremely critical and the best proportions can be 
readily obtained by empirical methods. 
To further assist in the cooling of the motor, 

I have shown cylindrical baffles 40 and 4 spaced 
The rotation of the rotor 

tends to set up the circulating paths shown by 
the arrows 42 and 43. If desired this action can 
be increased by the provision of a pumping means 
in the form of a disc 44 secured to the shaft. This 
pumping means will not only assist the circula 
tion indicated by the arrows 42, but will also tend 
to draw dielectric liquid upward through the pas 
sages 2 f, returning this liquid to the bottom of 
the rotor either through the passages 22 or 
through the gap 35. 

It should not be understood, however, that it is 
essential to use the rotor construction illustrated 
in Fig. 1. An alternative mode of forming the 
restricted passages is shown in Fig. 3. Here an 
nular rings 50 and 5 are positioned immediately 
inside a winding 52 formed Qn the stator. These 
rings may preferably be formed of an insulating 
material or other non-magnetic material, and, in 
the form shown, the inner diameter of these rings 
is substantially the same as the diameter of the 
rotor opening 8. The rotor f7 is here shown as 
being provided with bars 54 connected to end 
rings 55 and 56. These end rings are prefer 
ably positioned opposite the rings to and 5 and 
extend outward a distance across the gap 35 to 
define upper and lower restricted passages 57 and 
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. . This construction has the advantage that 
it does not change the magnetic characteristics 
of the motor. The distance between the mag 
netic portions of the rotor and stator may be 
made constant throughout the length of the gap, 
the restricted passages being formed by means 
other than the laminations themselves. In other 
instances it is possible to extend the rings 5 and 

a slight distance inward from the rotor open- 75 

70 
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2,084,479 
ing 6 allowing the end rings 55 and 56 of the 
rotor to be of the same external diameter as the 
aminations forming the rotor. 
Warious other structures can be used for form 

ing these restricted passages and it should be 
understood that the foregoing examples are illus 
trative only. 

? claim as my invention: 
1. A dynamo-electric machine including in 

combination: a stator forming a stationary ele 
ment and providing a vertically-extending rotor 
opening therein; a rotor rotatable about a ver 
tical axis and forming a rotatable element and 
positioned in said rotor opening and cooperating 
with said stator in defining a vertically-extend 
ing gap; and means on One of said elements and 
positioned near the upper end of said gap and 
extending toward the other of said elements but 
terminating short thereof to define a restricted 
passage opening on said gap and operative to 
throttle any material rising in said gap and 
flowing from the upper end of said gap. 

2. A dynamo-electric machine including in 
Combination: a stator forming a stationary ele 
ment and providing a rotor opening therein; a 
rotor forming a rotatable element and positioned 
in said rotor opening and cooperating with said 
stator in defining a gap; a winding on at least one 
of said elements for heating said gap; and means 
forming a restricted passage at each end of said 
gap to confine a medium in said gap, each re 
stricted passage having a smaller cross-sectional 
area than Said gap, Said means including projec 
tions on One of said elements extending toward 
but terminating short of the other of said ele 
ments to define said restricted passages. 

it 3. A dynamo-electric machine including a 
combination: a stator forming a stationary ele 
ment and providing a rotor opening therein; a 
rotor forming a rotatable element and positioned 
in Said rotor opening and cooperating with said 
stator in defining a gap; and means forming a 
restricted passage at each end of said gap, each 
restricted passage having a smaller cross-sec 
tional area than said gap, one of said restricted 
passages being of smaller cross-sectional area 
than the other, said means including projections 
om one of said elements extending toward but 
terminating short of the other of said elements 
to define said restricted passages. 

4. A dynamo-electric machine surrounded by a 
fluid, including in combination: a stationary ele 
ment including a stator providing a vertical rotor 
opening; a rotatable element including a rotor 
in Said rotor opening and cooperating with said 
stator in defining a vertical gap; and means at 
each end of said gap for restricting any flow of 

60 

said fluid in said gap. 
; 5. A dynamo-electric machine including in 
combination: a stationary element including a 

3 
stator surrounded by a fluid, providing a rotor 
opening; a winding on said stator and extending 
from the ends thereof to form an extension 
portion having an internal diameter greater than 
the diameter of said rotor opening; an annular. 
ring entirely inside said extension portion and 
positioned in the space between said extension 
portion and said rotor opening; a rotatable elle 
ment including a rotor in said rotor space and 
cooperating with said stator in defining a gap, 
the distance between said annular ring and said 
rotor being less than the distance across the main 
portion of said gap whereby said ring cooperates 
with said rotor in defining a restricted passage 
communicating between said gap and the Space 
exterior of said gap and to throttle any flow of 
said fluid through said gap; and said annular 
ring being formed of non-magnetic material So 
as not to change the magnetic characteristics of 
said dynamo-electric machine. 

6. A dynamo-electric machine including in 
combination: a stationary element including a 
stator surrounded by a fluid, providing a rotor 
opening; a winding on said stator and extending 
from the ends thereof to form an extension por 
tion having an internal diameter greater than 
the diameter of said rotor opening; an annular 
ring entirely inside said extension portion and 
positioned in the space between said extension 
portion and said rotor opening ; a rotatable elle 
ment including a rotor in said rotor space and 
cooperating with said stator in defining a gap, 
the distance between said annular ring and said 
rotor being less than the distance across the 
main portion of said gap whereby said ring co 
operates with said rotor in defining a restricted 
passage communicating between Said gap and 
the space exterior of said gap and to throttle any 
flow of said fluid through said gap; and said an 
nular ring being formed of non-magnetic mate 
rial and in which said rotor includes an end 
ring thereon cooperating with said non-magnetic 
ring of said stator in defining said restricted 
paSSage. ????? 

7. In a dynamo-electric machine, a shell con 
taining a dielectric fluid, a stator provided with 
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a rotor bore mounted in said shell, a rotor oper- . 
atively mounted in the stator bore and cooper 
ing therewith in defining a gap therebetween, 
and means located at each end of the gap for 
retaining dielectric fluid within said gap. 

8. In a dynamo-electric machine, a shell con 
taining a dielectric fluid, a stator provided with 
a rotor bore mounted in said shell, a rotor oper 
atively mounted in the stator bore and cooper 
ating thercwith in defining a gap therebetween, 
and non-magnetic means located at each end of 
the gap for retaining dielectric fluid within said 

, ga. 
CARENCE. J. COBERLY. 
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