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My invention relates 'to §ynamo-electric
machinery of the rotating pattern and par-
ticularly to means for the more effective cool-
ing thereof.

The translation -of electrical energy from
form to form and from point to point is never
accomplished without some loss, and the lost
energy appears at the site of translation as
heat.  The limitation upon the capacity of
any dynamo-electric machine accordingly is
found to be the rate at which the heat pro-
duced by the energy loss can be removed from
the machine. Transformer devices are cus-
tomarily cooled for the removal of such heat
by the use of oil as a heat absorbing and
crculating medium, and they are very ef-
fectively cooled thereby. It has not, how-
ever, previously been found practicable to
cool rotating machinery by the use of oil,
since submergence in o0il produces prohibitive

losses of energy through the churning of oil

by the rotating parts, and the use of oil circu-
lated through enclosed pipes has not been .
successful ‘because of the complicated and
bulky tubes and conduits required. Although
some attempt has been made to prevent or
minimize the loss of energy due to churning
of oil, (which loss not only detracts from
mechanical efficiency but represents a conver-
sion of such energy into heat) by enclosing
the rotor in a cylinder of non-magnetic ma-
terial, the circulation of oil is thereby so in-
terfered with as to make the cooling’ system
ineffective. Accordingly, in actual practice,
as for as T am aware, only the gaseous fluids
have been used for the cooling of rotating '
dynamo-electric machinery, air being the pre-
ferred fluid because of the common occur-

- rence thereof and ease with which it is ob-

tained.

My invention provides means for the utili-

zation of oil or other suitable fluid, having a
high thermal storage capacity for the cooling
of rotating machinery. This result I obtain
by the use of a spray of oil, suitably dis-
charged from the rotating member over the
stationary member, to absorb the heat, and
thereafter allowed to collect in a suitable re-
ceptacle. The heated oil is then cooled and
resprayed by appropriate means over an ap-
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propriate portion of the machine. By the de-
vice of my invention I am enabled to utilize
the desirably high cooling capacity of oil for
the cooling of rotating machinery without the
introduction of bulky conduits, and without
the production of large energy losses from
churning of the fluid. I am thus enabled to
obtain a substantial and important increase
in continuous rating of a dynamo-electric ma-
chine, and accordingly a”greatly improved
performance and a lower cost of production,
from which follows a reduction in the cost of
operation in the handling of electric energy.

Other objects and structural details of my
invention will be apparent from the follow-
ing description when read in connection with
the accompanying drawings, wherein:

Fig. 1 is a sectional view in vertical eleva-
tion of an embodiment of the device of my
Invention;

Fig. 215 a side view in vertical elevation
of the same embodiment ;

Fig. 3 is a sectional view in vertical eleva-

.tion of an alternative embodiment ;

Fig. 4 is a sectional view in vertical eleva-
tion of a second alternative embodiment, and

Fig. 5 is a side view in vertical elevation,
partly in section, of the embodiment of Fig. 4.

It is well known that oil has a very much
higher specific heat than air, and that ac-
cordingly the cooling effect which can be ob-
tained from it is much greater. For instance,
oil has a weight of about 55 pounds per cubic
foot;  while air has a weight of about 0.08
pouads per cubic foot. The specific heat.of
oil is about 0.5, where shat of air is about
0.237. The ratio of heat absorbing capacity
of equal volumes of air and of oil is then
given by the following equation : '

556X0.5
.08X0.237

)
Aceordingly, for a given.amount of cooling
effect, a very much less volume of oil need
be used than of air alone. "Accordingly, if a
mixture of oil and air be used for cooling
purposes, the volume of the mixture neces-
sary for-a given cooling effect is very much
less than the volume of air alone, depending
upon the ratio of oil to air-in the mixture

or about 1450 times.
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used. The oil is preferably applied in the
form of a spray, or mist, or in relatively small
drops, so that a minimum of churning effect
is produced in the mixture by the movement
of the rotor, and so that no single particle is
sufficiently large to produce unduly large im-
pact forces when it is thrown. from the mov-
ing rotor to the stator. The spray is formed
at the outer face of the rotor. The cooling
liquid is conducted to a receptacle at or near

‘the periphery of the rotor where it collects

in the form of a liquid in substantial quan-
tities and thus develops the maximum cen-
trifugal force, escaping therefrom through
small openings as a spray against the oppos-
ing face of the stator. The rotation of the
rotor itself within the spray is thereby
avoided. Another advantage of this arrange-
ment is the fact that the centrifugal force
developed in the liquid can be utilized to in-
duce the circulation of the cooling liquid
through a closed system.

To prevent loss of oil, the circuiating medi-
um should be enclosed. The dynamo-electric
machine may be provided with closed end
plates and frame with a receiver portion, and
drain, at the bottom, so that as the oil spray
strikes the stator, it may drain down over
the hot surfaces of the machine to the re-
ceiver, after which it may be cooled and re-
circulated. The mixture of liquid and gas
may consist of a fluid, such as oil, and air,
or it may preferably consist of a less flam-
mable mixture. TFor this purpose, it may
consist of a mixture of oil spray and carbon-
dioxide, with or without the inclusion of a
small “proportion of air, or it may consist
of a mixture of oil and nitrogen, also with or
without the inclusion of small quantities of
air, insufficient to produce a combustible mix-
ture with the oil. ~

A preferred embodiment of the device of
my invention is shown in Figs. 1 and 2.
These figures show the essential parts of a
typical dynamo-electric machine to which the
improvement of my invention-may be ad-
vantageously applied. The machine may
consist of a shaft, 1, supported in bearings,
to which is attached a rotor 2. The rotor may
be a rotating field or a rotating armature,
as desired. In the embodiment shown, it is
indicated as a rotating field having salient
poles 8, with appropriate field windings 4
thereon. The rotor is surrounded by a stator
5, which may consist of laminations 6, hav-
ing windings 7 positioned in appropriate
slots therein.” Passages 8, for cooling fluid,
are provided through the body of the stator
laminations. A suitable frame member 9 is
provided for the support of the laminations
forming the stator, and appropriate end-bell

" closure members 11 and 12 are likewise pro-
-vided, making a close fit about the shaft 1

and against the machine frame 9. The rotor
also has fan blades, as shown, for causing a
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circulation of the air or-other gas contained
in the housing 11, 12, of the machine. A clo-
sure member 14 is provided at the bottom of
the frame 9 to form a receptacle for the cool-

ing fluid collecting there. A drain pipe 15

is provided, connected thereto, and led to a
storage reservoir 16.

A circulating pump
the suction inlet connected to the reservoir
16. The shaft 1 is desirably provided with
a passageway or duct 18 extending from one
end to a point within the hub of the rotor 2,
and connection is made at that point by a
plurality of radial ducts 19 extending toward
the surface of the rotor. At the rotor sur-
face and between the salient poles of a plu-
rality of liquid receptacles forming spray
heads 21 are provided and connected to the

70

17 is provided with

5

80

radial channels 19, the channel 18, and the

pump 17. The spray heads 21 may be of
any convenient pattern, but are preferably
such as to provide a plurality of fine sprays
of oil in the air-gap between the rotor and
stator. Provision may likewise be made for
the passage of small currents of gas through
the rim of the rotor by any convenient means.
These may be provided by passages through
the body of the salient poles 8 or may pref-
erably be provided by passages between the

poles. Either construction provides a cur--

rent of fluid consisting partly of gas and
partly of sprayed oil. The spray heads 21

may desirably be of a pattern to provide &’

plurality of sprays of oil separated axially
by a distance equal to the axial separation of
the ventilating ducts 8 in the.stator. -

_ The current of fluid from the spray heads
91 on the rotor is.directed towards the inner
surface of the stator in the bore thereof, and
towards the inner openings of the ventilating
passages therethrough. The . greatly in-
creased thermal capacity of this fluid, as
compared to air alone, is thus available for
the cooling both of the rotor member and
the stator member. A portion of the oil may
be conveyed through the ventilating channels

8 in the stator body in the form of a spray .

and. collect a substantial amount of heat
therefrom, either by radiation.or by conduc-
tion. It-is desirable that the spray heads 21
be so positioned that the openings 22 through
which the il is discharged and sprayed are

located in the planes of the ventilating ducts -

8, in order to discharge as large a portion of

the oil through the ventilating ducts as pos- ;

sible, and to minimize the accumulation of

fluid oil within the air gap between the rotor-
‘and stator. Accordingly while some of the

oil spray is carried freely through the ducts
8, other portions may strike the surfaces of
the ventilating ducts, and coalesce thereon
into a layer of liquid. This layer may be
carried radially outward along the surfaces
of the ventilating ducts by the current of
mixed air and oil spray: In its passage over
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these surfaces, the oil layer is advintageously
related thereto for the desired cooling effect,
and it is enabled to absorb a substantial
amount of heat in the course of the flow.
The oil is thus carried to the outer surface
of the stator, through the ventilating ducts,
and 1t then flows downward to the receptacle
14 at the bottom of the frame, from which
location it is conveyed by the pipe 15 to the
cooler and reservoir 16 where the absorbed
heat is removed and dissipated. The oil is
then recirculated by the pump 17 to pass
through the cycle again for the collection
of further quantities of heat. By this means
a very thorough and effective cooling of the
dynamo machine is obtained with the han-
dling of a minimum bulk of cooling fluid.

It is not essential that the cooling liquid
be conveyed to the rotor through an opening
in the shaft. It may equally well be con-
veyed by other means, such as that shown in
Fig. 3, where the oil leaves the pump 17 and
is conveyed to conductors 23, which discharge
the cooling oil into troughs 24 forming liquid
receptacles and located at points near the
periphery of the rotor. It is collected from
the stationary conductors 28 which lead to
the troughs 24, and is held against the frame
of the rotor by centrifugal force. This con-
struction is particularly advantageous in the
case of the well known “squirrel cage” type
of motor, in which the rotor consists of lami-
nations 25 having peripheral slots in which
are positioned the inductor bars 26 charac-
teristic of this type of machine. The oil
may be conducted through suitable channels

- 27 1n the rotor body from the troughs 24 to
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the rotor surface, at which point it may be

-sprayed by any appropriate means, which

may consist of jet plugs or other spray de-
vices positioned within and near the outer

“ends of the channels 27. The stator.construc-

tion may desirably be similar to that indi-

cated in Fig. 1, and may consist of lamina- =

tions 6 having ventilating ducts 8 there-
through, supported by a frame member 9
with end-bell members 11 and 12, a-bottom
receptacle or reservoir 14, a drain pipe 15,
and cooler and storage tank or reservoir 16.
The oil is then discharged by the pump 17
through the pipes 23 into the troughs 24 from
which it passes through the ducts 27 and is

sprayed thereby. The ends of the ducts 27

are desirably positioned in the plane of the
ventilating ducts 8, as previously described,
and the qil spray, together with a portion of

gas as previously  described, is discharged .

into them for the production of a similar
cooling effect upon the structures. The cool-
ing oil flows over the warm surfaces collect-
ing heat and is caught in a receptacle or

. Teservoir 14 at the bottom of the frame mem-

ber, from which it is conveyed to a cooler,
and storage tank, and thereafter is recircn-
lated as hefore.

By this construction -usually effective and
efficient cooling means are provided for the
induction type of motor, whereby much
superior cooling effects, and therefore much
higher load capacity, are obtainable from a

_given construction. -

For certain. types: of machines it is not,
however, necessary that a circulating pump
be provided for the handling of the oil fluid.
Instead, suitable scoops and channels may
be provided upon the rotor, dipping into a
supply of oil fluid at the bottom of the case
and frame, to convey the cooling oil to the
rotor. These may consist of curved scoops,

or pipes 28, as shown in Figs. 4 and 5, fas-

tened to the rotor 29, and revolving with 1t.
As each scoop revolves, it striles the pool of
oil 30 at the bottom and some of the oil
passes into the scoop, to be delivered. to the
annular trough 81 upon the rotor 29 from
which it is delivered by suitable ducts 32 to
spray heads as before. It is then sprayed
therefrom into and against the stator 5 and
the ventilating ducts 8 therein, where it acts,

as previously described, for the removal of.

heat therefrom. The oil may be cooled by
any appropriate cooling means, such as water
coils at the bottom of the frame.

By the device of my invention it is possible
to obtain very miich more effective cooling
of dynamo machinery, because of the much
higher thermal capacity of the fluid employed
for cooling. Because of the high thermal ca-
pacity of a given volume of the cooling fluid,
1t 15 thus possible to obtain equally. effective

cooling as that obtained by air, by the use-

of very much smaller ventilating ‘ducts, or

“if the maximum size of ventilating ducts are

employed it is possible to produce much more
effective cooling. The device of my con-
struction thus makes it possible to increase
the duty on dynamo-electric machinery,
thereby considerably reducing the cost of
machinery for a given power output, since the
additional parts required for the application
of the device of my invention are very small
items in the cost of the machinery.” Thus
a direct reduction of the cost of electric power
is provided. ‘
Further advantages of the device of m
invention are found in the fact that the cool-

-ing system may be made completely closed,

recirculating'a given fluid as it is needed.
Thus no external air need be supplied, and
the conveyors and ducts which would he
necessary for such supply, are saved. Like-
wise the elimjnation of the need for cooling
air reduces the amount of dirt and moisture
which would otherwise be carried into the
machine by such circulating air. In conse-

‘quence, the insulation condition of the mna-

chine is much improved, and the necessity
for frequent cleaning to remove dirt and other
obnoxious material is avoided. The pres-
ence of the oil directly adds to the insula-
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tion resistance, because of its own high in-
sulation value and because of the elimina-
tion of moisture. Likewise the system makes
is possible to enclose the machine in a non-
combustible atmosphere, thereby greatly re-
ducing the hazard of fires which may occur
in the insulation due to overload, excess volt-
age, and other factors which tend to injure
the insulation. Likewise in the event that fire
occurs in the insulation, it is smothered at
once upon the removal of load from the ma-
chine, by the cooling effect of the large quan-
tities of oil thrown in, and by the lack of
oxygen to support combustion.

The device of my invention 1s part_iculérly

applicable to relatively large dynamo ma-’

chines, such as generators, rotgry converters,
and large motors. It is, however, equally
well adapted to application to the smaller
types of industrial motors, and is also appli-
cable to railway and other transportation
motors. In such service it is particularly

‘advantageous because when so equipped, the

motors are operating in a medium having a

5 very high insulation resistance, as compared

to operation under ordinary conditions where
they are in a medium charged with moisture
and other matter, tending towards a low
insulation resistance.

While I have shown but three embodi-
ments of my invention in the preceding de-
scription, they are capable of various modi-
fications therefrom without departing from
the spirit thereof, and it is desired, there-
fore, that only such limitations shall be placed

thereon as are required by the prior art or

indicated by the appended claims.
I claim as my invention:
1. In a dynamo electric machine, compris-

ing rotor and stator, means for spraying the

interior surface of the stator at a series of

points along the length of its air gap with oil.

and simultaneously directing gas currents

_against said surface, and means for recover-

ing and recirculating said oil.

9. In a dynamo-electric machine, a rotor
member and a stator member, the rotor hav-
ing an internal circumferential trough with-
in and near its periphery, openings extend-
ing through the trough in an outward direc-

‘tion and means . for circulating a cooling

liquid in a closed path including said trough,
and a stationary liquid feeding pipe extend-

ing over the open inner periphery of said

trough. _

3. In a dynamo-electric machine, a rotor
member and a stator member, the rotor hav-
ing an internal circumferential trough within
and near its periphery, openings extending
through the trough in an outward direction
and means for circulating a cooling liguid in
a closed path including said trough, said
means-comprising a collecting reservoir below
the axis of the rotor and a scoop rigid with
the rotor and extending into the reservoir.

a,779,797

4. In a dynamo-electric machine, a stator,

_an-internal rotor facing the stator and having

a radially perforated liquid receptacle dis-
posed at its outer periphery, facing the air
gap of the machine, whereby liquid will be
sprayed from said receptacle upon the stator,
a reservoir for holding a quantity of cooling
liquid, a conduit leading to said receptacle
and adapted to supply liquid from the reser-
voir to the receptacle upon rotation of the
rotor, and means for circulating a current of

70

75

gas upon the stator in conjunction with said -

Liquid spray. -

5. In a dynamo-electric machine, a cooling
system comPrising a stator, an internal rotor
facing the ‘stator, a:housing enclosing the
same, a reservoir for holding a cooling liquid
within the housing, means carried by the rotor
for continuously removing liquid from the

‘reservoir and supplying it to the interior of

the rotor, and spray means on the outer pe-
riphery of the rotor for’ discharging liquid
in spray form into the air gap of the machine.

6. In a dynamo-electric machine, a cooling
system comprising a stator having radial pas-
sages therethrough, an internal rotor facing
the stator and having a liquid receptacle at its

outer face, a housing enclosing the rotor and

stator and providing a reservoir for holding
a cooling liquid below the stator, means car-
ried by the rotor and dipping into the reser-
voir for continuously removing liquid from
the rescrvoir and supplying it to the said re-
ceptacle, and spray means on the outer pe:
riphery of the rotor for discharging liquid
in spray form into the air gap of the machine.
- 7. In a dynamo-clectric machine, a cooling
system comprising a stator having radial pas-
sages therethrough, an internal rotor facing
the stator and: having a liquid receptacle at
its outer face, a housing enclosing the rotor
and stator and providing a reservoir for hold-
ing a cooling liquid below the stator, means
carried by the rotor for continuously remov-
ing liquid from the reservoir and supplying
it to the said receptacle, spray means on the
outer periphery of the rotor for dischar ing
liquid in spray form into the air gap o the
machine, and means for circulating a current
of gaz within the housing coincident with the
rotation of the rotor.

8. The method of cooling an electric trans-
lating device comprising rotor and stator
cores and windings which consists in con-
tinuously subjecting the exterior of the rotor
and interior of the stator in the air' gap of the

machine to the cooling effect of a liquid spray, -

mixing gas with said spray and causing said
mixture to pass through the core of said stator
in an outward direction at 2 multiplicity of
points, and circulating said liquid in a closed
path. -

In witness whereof, I hereunto subscribe

my signature. ,
’ FRANK G. BAUM.
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