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1

This invention relates to stationary electrical
induction apparatus, and more particularly to
cooling means for such apparatus.

In the construction of large size stationary
electrical induction apparatus, such as large
transformers, it is practically universal practice
to provide some type of cooling system for such
apparatus. This invention relates to an im-
proved cooling arrangement using forced oil
flow for stationary electrical induction apparatus
having disk-type coil windings.

It is an object of this invention to provide
a construction which will result in an improved
flow of cooling fluid through the windings of
a stationary electrical induction apparatus so
as to provide a more efficient heat removal from
the electrical windings.

It is a further object of this invention to
provide a construction which, by using standard
design parts for directing cooling fluid flow
through the windings of a stationary electrical
induction apparatus, will be easy to fabricate
and assemble, and, thercfore, more economical
to manufacture than constructions presently in
use.

In accomplishment of these ohjectives, this
invention provides a cooling arrangement for
stationary electrical induction apparatus having
disk-type coil windings in which conventional
radial spacer members between the disk coil
windings are so arranged as to provide a Ser-
pentine fluid flow circumferentially of the coil
windings.

Hereinafter in this specification, I shall use an
electrical transformer having disk-type coil
windings by way of example as the stationary
electricial induction apparatus to which my
invention is applied. However, it will be under-
stood that my invention may be equally well ap-
plied to any other type of stationary eélectrical
induction apparatus having disk-type coil wind-
ings.

The features of this invention which I be-
lieve to be novel are set forth with particularity
in the appended claims. My invention itself,
however, both as to its organization and use, to-
gether with further objects and advantages
thereof, may best be understood by reference
to the following descripticn taken in connection
with the accompanying drawing in which Fig. 1
represents a front elevation, partially cut away,
of a transformer having cooling ducts con-
structed in accordance with my invention, and
and in which the disk coils are in parallel with
one another with respect to the flow of cooling
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liquids; Fig. 2 represents a plan view in cross-
section of the transformer gtructure shown in
Fig. 1; Fig. 3 shows an enlarged detail view of
one of the cooling ducts constructed in accord-~
ance with my invention; while Figs. 4 and 5 rep-
resent modifications of my invention in which
the elements are so arranged as to provide a
series flow of cooling Iliquid, rather than a
parallel flow as in the arrangement of Fig. 1.

In the construction of Figs. 1 and 2, I provide
for simultaneous axial entry of cooling fluid to
all of the windings, a dual circumferential flow
through the windings with alternate in and out
radial passes, with a final exit of the oil flow
on the side of the coil stack opposite to the side
of entry.

Referring now to the drawing, there is shown
in Figs. 1 and 2 a transformer with an outer tank
or casing | in which there is contained a mag-
netic core having two winding legs 2 (only one
of which is shown) connected by yoke mem-
bers 3 and 4. Concentrically arranged about
each of the leg members 2 are high and low
voltage windings, which will be described here-
in more detail. Since the windings
about each of the respective leg members 2
are the same, only one leg member with
its associated windings is shown. However, it
will be understood that the transformer is com-
prised of at least two such legs 2, each having
an identical winding arrangement.

Concentrically mounted about winding leg 2
is an axial insulating cylinder 5 which is sep-
arated by axial spacer members 6 from i low
voltage winding 1. Low voltage winding 17 is
wound in the form of a cylinder, and is separated
by axial spacers 8 from concentric insulating
cylinder 9. Spaced radially outwardly from in-
sulating cylinder 9 are disk coils 18, which are
stacked axially in superposed relation, and con-
stitute the high voltage winding of the trans-
former. An insulating eylinder {2 is spaced
radially outwardly of the disk coils (0.

In order to provide suitable cooling ducts be-
tween the stacked disk coils (6, the individual
disk coils are separated from one another in
the vertical or axial plane by means of radial
spacer members {1, which are symmetrically ar-
ranged about the circumference of the interspace
between the coils. Several of the radial spacer
members {1 are shown in detail in Fig. 3.

The radial spacer members i{ serve the dual
function of spacing the disk coils #9 axially from
one another and also of spacing the disk coils
radially from insulating eylinders 9 and 2. As
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will be explained hereinafter, the arrangement
and construction of the radial spacer members
i1 also provide a predetermined oil flow pattern.
Cylinders 9 and 12 are concentric with disk coils
10, with cylinder 9 being positioned radiaily in-
wardly of the disk coils, and cylinder i2 being
positioned radially outwardly of the disk coils.

As will be seen best in Fig. 3. each of the spacer
members {1 is of U-shape, and is comprised of &
slotted upper leg 13, and a slotted lower leg 14,
connected at one end by cross-piece 15. The
spacer member {! is held together despite its
slotted construction by s laminated member {6
which forms the outer surface of each of the
respective legs 13 and 4. 'The spacer members
{1 may be constructed cf any desired material. I
have found that presshoard is a very satisfactory
material for this purpose. The spacer members

{ may, if desired, be formed of one integral piece
shaped to the desired form and provided with
slots as indicated. However, I prefer to construct
spacer {! by joining together the various com-
ponent elements which comprise the U-shaped
member, as hereinbefore described. Due to.ifs
U-shaped construction, the spacer member (! is
adapted to slide over the coil winding [ with the
coil -fitting between legs §3 and (4. The con-
necting cross pieces i5 of the respective spacer
members (1 alternately abut against insulating
cylinders 8 and 12, and thereby maintain coils {8
properly spaced irom insulating cylinders § and
12, in order to obtain alternate oil blocks for
proper oil distribution. As has been mentioned,
the upper and lower legs {3 and {4, respectively,
of the radial spacer mermbers {{ are provided with
slots for a purpose to be hereinafter described.
The arrangement and construction of spacer
members {! in accordance with my invention
serve to direct the flow of cooling oil through
the transformer windings, as will be described
hereinafter in more detail.

The cooling oi] is pumped into the transformer
tank through an inlet conduit {7 which passes
through insulating cylinder i2.
conducted by conduit §7 into an inlet manifold
18 which is positioned in the bottom of tank |
below the disk-shaped barrier member {3 which
is, in turn, positioned beneath the lowermost disk
coil. Alternatively, the inlet conduit 17 may pass

through insulating cylinder 12 at a peint above ¢

disk-shaped barrier member 13, in which case
inlet manifold {8 would not ke used. In the ar-
rangement shown in the drawing, the oil flows up~
wardly or axially in the space between the outer
periphery of the disk coils and the inner periphery
of insulating cylinder (2. This space, in effect,
serves as a continuation of manifold {8 and pro-
vides a means by which ocil is distributed for
cooling the plurality of disk coils. In the embodi-
ment of my invention shown in Figs, 1 and 2, all
of the disk coils are in parallel with one another
with respect to the distribution of cil since they
all abut on the common supply channel com-
prised of the space between the outer periphery
of the disk coils and the inner periphery of in-
sulating cylinder 2.

In accordance with my invention, the radial
spacer members {1 between the stacked disk coils
are arranged and constructed in such manner
that a serpentine fluid flow is produced as the
cooling oil fiows circumferentially abcut the
winding. As will best be seen in Figs. 2 and 3, all
of the radial spacer members (i are of equal
length, but are alternately positioned in gbutting
relationship to insulating cylinder § and insulat-

The oil may be-
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ing cylinder {2, respectively. That is, radial
spacer members 2%, 24, 27, and 29 abut against
insulating cylinder 3, and radial spacer members
20, 21, 285, 25, 23, and 8 abut against insulating
cylinder {. It will be seen that the serpentine
oil flow characteristic provided by my spacer ar-
rangement is due to the fact that the spacer
members form oil blocks wherever they sbut
against an insulating cylinder, with the result
that the oil in flowing past each spacer must
flow around the end of the spacer which is not
in aputting relation to an insulating cylinder.

It should be noted that the arrangement of
radial spacer members between every set of disk
coils is the same as that shown in the plan view
of Fig. 2. Hence, a plurality of radial spacer
members lie in the same axial plane as each of
the spacer members 28-28, inclusive.

As has been mentioned, the oil rises up in the
space between the inner periphery of insulating
cylinder 12 and the outer periphery of the disk
coils. However, this axial passage of the oil oc-
curs substantially only in the arcuate sector be-.
tween radial spacers 28 and 21 which, it will be
noted, both abut againsit the inner periphery of
insulating cylinder 2.

Due to the abutiing relation between the re-
spective radial spacers 28 and 24 and the insulat-
ing eylinder {2, the cocling oil which enters the
space between any two disc coils is caused to di-
vide into two paths. One oil flow path is in a
clockwise directicn arcund the end of spacer 23,
while the other oil fow path is in a counterclock-
wise direction around the end of spacer 2i. Due
to the staggered relation of the spacer members
26-28 as just described, the oil flow in each path
is of a serpentine nature, flowing radially in-
wardly and cutwardly in accordance with the po-
sitioning of the respective radial spacer members.:
As indicated by the flow direction arrows, the in-
coming oil first flows across the radial width of
the disk eoil in the region hetween spacers 28 and
21 and then divides into two paths, passing out
around the ends of spacers 28 and 21 through the
space between the respective ends of spacers 23
and 2§ and the outer periphery of insulating cyl-
inder 8. One oil fiow path proceeds in a cloek-
wise direction and the other in a counterclock-
wise direction. It will be seen that due to the

- staggered arrangement of the radial spacers the

oil flow in each path passes alternately radially
inwardly and outwardly around the disk coil
winding until it reaches the space between spacers
25 and 28.

The two oil paths which have respectively been
flowing 'in a clockwise and counterclockwise di-
rection, merge together again in the space be-
tween spacers 25 and 26 and the oil passes into
the space between the cuter periphery of the disk
coils 10 and the inner periphery of insulating cyl-
inder (2. An outlet conduit 30 is connected to
the upper portion of the duct between the disk
coils 18 and insulating eylinder i2 at a diametri-
cally opposite point to the location of the inlet
The oil which has passed across the
surface of each of the respective digk coils and
out into the duct between the outer periphery of
the disk coils and the inner periphery of insulat-
ing cylinder #2 then passes upwardly through that
duct until it reaches the outlet conduit 38. The
oil passes through outiet conduit 39 to any suit-
able pumping device which causes the recircula-
tion of the oil.

In accordance with my invention, in order to
increase the cooling efiiciency of my system, each
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of the surfaces {3 and {4 of the respective spacer
members is provided with a plurality of hiased
slots, such as slots 3! and 32, as shown in detail
in Fig. 3.

The use of the biased slots in the radial spacer
members substantially eliminates what would
otherwise be “dead” vortices in areas 33 and 34,
indicated by dotted lines in Fig. 2, which, if al-
lowed to remain, would reduce the cooling effi-
ciency of the system. Areas 33 and 34 are shown
in the drawing only hetween spacer members 22
and 22, but it will be understood that similar
areas exist between each pair of spacer members.

The use of the biased slots in the spacer mem-
bers also may incidentally result at certain fAuid
velocities in the creation of turbulence in the
otherwise laminar flow pattern of the cooling
fluid. This is due to the fact that the oil flowing
through the slots does so at a different velocity
than the oil passing around the ends of the spacer
members. This different velocity of the oil pass-
ing through the biased slots sometimes resulfs in
the creation of vortices in the flow patiern of the
cooling fluid. When such turbulence ocecurs in
the fluid flow, it results in an increased efficiency
of heat remcval from the transformer windings
since the efficiency of a liguid coolant is a func-
tion of turbulent fiow. )

In Fig. 4 there is shown an “exploded” view of
a modified cooling arrangement in accordance
with my invention in which the oil flow pattern
might be termed a “series-parallel” oil flow. In
this arrangement, the varicus disk coils are in
series with cne ancther with respect fo the oil

flow, rather than in the parallel relation of Figs. &

1 and 2. However, in flowing across each of the
respective disk coils, the oil still divides into two
parallel paths, as in Figs. I and 2. A cutaway
view of part of the winding is shown. For pur-
poses of oil flow distribution, I divide the plurai-
ity of stacked disk coils into a plurality of flow
groups, each group having at least one, and pref-
erably more than one, disk coils in the group.
These groups of disk coils are separated by disk-
shaped spacer members, each of which has one
peripheral notch to permit oil flow from one disk
coil group to another. Thus, in Fig. 4 I show
disk coils 85 and 35 which, as I have said, may
represent either a single disk coil or a plurality of
disk coils. A disk-shaped spacer member 237 is
positioned apove disk coil 35 and separates it from
another disk coil above coil 238, or from an outlet
pipe, neither of which is shown in the drawing.
Disk-shaped spacer member 28 lies below coil 35
and separates that coil from coil 38. Spacer
member 39 lies below disk coil 36 and separates
that coil from another similar coil, or from an
inlet pipe below if, neither of which is shown in
the drawing. The diameter of each of the disk
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spacer members 37, 22 and 39 is such that these

membpers make a tight fit with the internal di-
ameter of insulating cylinder 42 so as to make im-
probable the leakage of any oil through the cir-
cumferential joints between the spacer disks 37,
38 and 39 and the insulating cylinder £8. Oil
flow between groups of disk coils is made possibie
by peripherai notches 2(, 42 and 43 in spacer
disks 37, 38 and 28, respectively. Tt will be noted
that adjacent spacer disks have their respective
peripheral nctches spaced apart by 180 degrees,
with alternate spacer disks having their respective
peripheral notches in the same vertical plane.
Thus, netches 41 and 42 for spacer disks 37 and
38, respectively, are spaced apart 180 degrees,
whereas notches 41 and 43 for spacer disks 37 and
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39, respectively, are in the same axial plane and
are not angularly spaced apart.

Due to the arrangement of the notches in the
spacer disks between coil groups, the oil flow
through the entire winding follows a series flow
pattern from one coil group to another. Thus,
as the oil proceeds axially from the inlet in the
lower part of the fransformer casing and passes:
to coil 38 through notch 43 in spacer disk 39 be-
low coil 28, the oi] enters coil 36 on the left-hand:
side, with respect to the view shown in the draw-~
ing. It then traverses coil 3§ in a lefi-to-right
direction, thence passing upwardly to coil 35
through notch 42 in spacer member 38. The oil
enters coil §5 on the right-hand side and traverses
that coil in a right-to-left direction, which is just
the opposite of the direction of oil flow with re-
spect to coil 36. The oil leaves coil 35 on the
left-hand side and passes through notch 41 in
spacer memher 37 to either g coil or outlet pipe
above spacer memper 37, Hence, it will be seen
that the oil flow direction in adjacent winding
groups is opposite, being left-to-right in one group
of disk coils, and right-te-left in the adjacent
group of disk coils.

As in the construction of Figs. 1, 2 and 3, the
structure of Fig. 4 has a plurality of radial spacer
members circumferentially spaced about each
disk coil. The arrangement of these radial
spacer members is similar to that shown in Figs.
1, 2, and 3, in that adjacent spacer members
project alternately against a radially outer in-
sulating cylinder 48 adjacent the outer edge of
the disk coils and alternately against a radially
inner insulating cylinder (not shown in the fig-
ure) adjacent the inner edge of the disk coils.
The oil flow pattern with respect to each in-
dividual coil is the same as that shown in Figs.
1 and 2, the cil in entering each disc coil divid-
ing into two paths, one path being in a clock-
wise direction and the other in a counterclock-
wise direction. The essential difference between
he structure of Fig. 4 and that of Figs. 1 and
2 Hes not in the oil flow pattern in the individual
disk windings, since that is the same in Figs.
1-4 inclusive, but rather in the manner of dis-
tributing oil from one ¢oil or group of coils to
another coil or group of coils. 'This distribution
difference, as has been described hereinbefore, is

y accomplished by using notched spacer disk mem-

bers such as 37, 38 and 39.

There is shown in Fig. 5 a further meodifica-
tion of my invention which differs principally
from: the censtruction shown in Fig. 4 in that
the oil flow around each disk coil is entirely a
series oil flow. That is, the various disk coils
are in series with one another with respect to
the oil flow, as in Fig, 4, and, additionally, the
oil flows circumferentially around each respec-
tive disk ecoil in only one path, rather than
splitting into two parallel paths as in the ar-
rangements of Figs. 1-4.

In Fig. 5 there are shown twop disk coils 44
and 45, each of which may represent a single

3 disk coil, as shown, or a group of disk coils.

Spacer disk 48 is positioned above coil 44 and
separates it from a similar disk coil or from an
outlet pipe, neither of which is shown in the
drawing. Spacer disk 47 is positioned hetween

i disk coils 44 and 4% and serves to separate these

two coils or groups of coils. Spacer disk 48 is
positioned below disk coil 45 and separates it
from a similar disk coil or group of coils, or
from an inlet pipe below spacer disk 48. FEach
of the spacer disks has a notch cut at one place
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on its outer periphery in order to permit flow of
oil from one disk coil or group cof disk coils to
another disk coil or group of disk coils. Thus,
spacer disk 46 is provided with notch 43 and
spacer disks 47 and 48 are provided with notches
58 and 5{, respectively.

Each of the disk coils in Fig. 5 is provided with
a plurality of radial spacer members similar to
those shown in Figs. 1-4 inclusive. Alternate
spacer members are positioned against an outer
insulating cylinder 52 and against a radially
inner insulating cylinder (not shown in the fig-
ure) which are adjacent the radially outer and
inner circumferences of the stacked disk coils,
respectively. The principal difference between
the arrangement of the radial spacer members
of Fig. 5 and the arrangement of the radial
spacer members shown in Figs. 1-4 inclusive, is
that blocking spacer members 83 and 54 are used
in such manner as to permit oil flow in only
one path across each disk coil, rather than di~
viding into parallel paths as in the construc-
tions of Figs. 1-4. One of the spacer members
for each disk coil is made longer than any of
the others and extends flush with both the
radially outer insulating cylinder 52 and also
with the radially inner insulating cylinder (not
shown). Thus, radial spacer members 53 and
54 of disk coils 84 and 45, respectively, extend
flush with both the radially outer insulating
cylinder 52 and the radially inner insulating
cylinder. Also, it should be noted that radial
spacers 53 and 54 are not provided with biasesd
slots as in the case of the other radial spacer
members. The effect of the construction of radial
spacer members 53 and 54 is to act as a com-
plete block or barrier to oil flow in a given di-
rection. Due to this construction, the oil flow
aeross any particular disk coil is constrained to
flow in a continuous path entirely around the
periphery of the disk coil, flowing in a serpentine

manner around the spacer members in accord-"

ance with the flow direction arrows shown in
the drawing, and passing out through the notches
49 and 50 in spacer disks 46 and 47, respectively.

Thus, considering the direction of oil flow
shown in Fig. 5, it will be seen that the oil passes
upwardly through notch 54 in lower spacer disk
48 and enters disk coil 45 in the region between
spacers 54 and 56. Due to the fact that spacer
54 extends flush with both the radially inner
and outer insulating ecylinders, as hereinkefore
described, the oil can flow in only one direction,
in this case a clockwise direction. The oil pro-
ceeds in a clockwise direction entirely the way
around disk coil 45 until it reaches the right-
hand edge of spacer member 54, which acts as
a, block to prevent further fluid flow in that di-
rection. The oil then passes upwardly through
notch 56 in spacer disk 47 which lies directly
above disk coil 45, with notch 58 being positioned
above the region between spacer 54 and spacer
51. The oil enters disk 44 in the region between
spacers 53 and 58. Since spacer 53 extends flush
with both the radially inner and outer insulat-
jng cylinders, as hereinbefore described, the oil
can flow in only one direction, in this case a
counterclockwise direction. The oil flows in a
counterclockwise direction around disk coil 44,
winding in a serpentine manner about the ends
of the radial spacer members, and completely
encircles the disk 44 until it reaches the left-hand
edge of spacer member 53 which blocks further
fluid flow in that direction. The oil then flows
up through notch 43 of spacer disk 46, notch
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8
49 being positioned directly above the region be-
tween the left-hand edge of radial spacer 53
and radial spacer member 59, to the left of radial
spacer §3.

It will be seen that the blocking radial spacer
members 53 and 54 are in superposed relation,
and all of the other similar blocking radial spacer
members for the other disk coils are in super-
posed relation to spacer members 53 and 54. The
notches in the respective spacer disk members,
such as notches 50 and 51, are all positioned alter-
nately to the left and to the right of the super-
posed blocking radial spacer members.

Thus, it can be seen that with the cooling ducts
which I provide by means of my radial spacing
members and the fluid flow pattern which is in-
duced by the arrangement of those spacers and
by their slotted construction, I have provided an
efficient and economical construction for cooling
a transformer structure by means of the forced
flow of a liquid coolant.

While there have been shown and described
particular embodiments of my invention, it will
he obvious to those skilled in the art that various
changes and modifications can be made therein
without departing from the invention and, there-
fore, it is aimed in the appended eclaims to cover
all such changes and modifications as fall within
the true spirit and scope of the invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In stationary electrical induection apparatus
of the type having a winding which includes a
plurality of spirally-wound disk coils stacked in
superposed relation, means for directing flow of
a cooling liquid between said coils in a generally
circumferential direction, comprising s plurality
of radial spacer members positioned between ad-
jacent coils to maintain a duct between said coils,
sald radial spacer members extending radially
across the adjacent surfaces of the respective
disk coils between which they are positioned and
being circumferentially displaced from each other
around substantially the entire circumference of
said disk coils, a first insulating cylinder spaced
radially inwardly of said disk coils, a second in-
sulating cylinder spaced radially cutwardly of
said disk coils, said radial spacer members abut-
ting alternately against said first cylinder and
said second cylinder, each of said spacer members
being spaced radially from the one of said insu-
lating cylinders which it does not abut, said ccol-
ing liquid flowing in a generally circumferential
direction between said disk coils alternately ra-
dially inwardly and outwardly, flowing around
the end of said spacer members through the space
between the end of each of said spacer members
and the insulating cylinder which it does not
abut, each of said spacer members having at
least one transverse slot therein to permit pas-
sage therethrough of a relatively small portion
of said liquid in substantially the same flow di-
rection as the main body of said liquid passing
around the end of said spacer, said plurality of
disk coils being divided into a plurality of groups
for cooling purposes, each of said groups having
at least one disk coil, with disk-shaped gpacer
members separating said coil groups, each of said
disk-shaped spacer members having an aperture
to permit passage of cooling fluid from one coil
group to another, said coil groups being in series
with each other with respect to said fiuid fiow.

2. In stationary electrical induction apparatus
of the type having a winding which inciudes a
plurality of spirally-wound disk coils stacked in
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superposed relation, means for directing flow of
a cooling liquid between said coils in a generally
circumferential direction, comprising a plurality
of radial spacer members positioned between ad-
jacent coils to maintain a duct between said coils,
said radial spacer members extending radially
across the adjacent surfaces cof the respective
disk coils between which they are positioned and
being circumferaentially displaced from each other
around substantially the entire circumference of
said disk coils, a first insulating cylinder spaced
radially inwardly of said disk coils, a second in-
sulating cylinder spaced radially outwardly of
said disk coils, a1l except one of said radial spacer
members abutting alternately said first and sec-
ond cylinders, said one radial spacer member
abutting both of said cylinders, said plurality of
disk coils being divided into a plurality of groups
for cooling purposes, each of said groups having
at least one disk coil, with disk-shaped spacer
members separating said coil groups, each of said
disk-shaped spacer members having an aperture
to permit passage of cooling fluid from one coil
group to another, said coil groups being in series
with each other with respect to said finid flow,
said cooling liquid within a given coil group
fdowing in a generally circumferential direction
between said disk coils alternately radially in-
wardly and outwardly, fiowing around the end of
each of said radial spacer members until it
reaches said radial spacer member which abuts
both of said eylinders, the cooling liguid then
passing to an adjacent group of disk coils through
an aperture in cne of said disk-shaped spacer
memntbers, each of said radial spacer members ex-
cept the spacer member which abuts both of said
cylinders having at Ieast one transverse slo
therein to permit passage therethrough of a rela-
tively small portion of said fluid in substantially
the same flow direction as the main body of said
fluid passing around the end of said spacer.

3. In stationary elecirical induction apparatus
of the type having a winding which inecludes a
piurality of spirally-wound disk coils stacked in
superposed relation, means for directing flow of a
cooling liquid between said coils in a generally
circumferential direction comprising a plurality
of radial spacer members positioned between ad-
jacent coils to maintain a duct between said coils,
said spacer members extending radially across the
adjacent surfaces of the respective disk coils be-
tween which they are positioned and being cir-
cumferentially displaced from each other around
substantially the entire circumference of said
disk coils, a concentrie e¢ylindrical barrier member
positioned radially inwardly and a concentric cy-
lindrical barrier member positioned radiaily out-
wardly of said coils, each of said radial spacer
members having one end in abutting relation to
one of said cylindrical barrier members with the
other end of each of said radial spacer members
being radially displaced from the other of said
cylindrical barrier members, said radial spacer
members being arranged so as to alternately abut
said radially inner and said radially outer bar-
rier members, the greater portion of said ccoling
liquid passing in a generally circumferential di-
rection around said ends of said radial spacer
members which are displaced from said barrier
members, each of said radial spacer members
having at least one transverse slot therein to
permit passage therethrough of a relatively small
portion of said cooling liquid, said plurality of
disk coils being divided into a plurality of groups
for cooling purposes, each of said groups having
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at least one disk coil, with disk-shaped spacer
members separating said coil groups, each of said
disk-shaped spacer members having an aperture
to permit passage of cooling fluid from one coil
group to another. :

4. Ina stationary electrical induction apparatus
of the type having a winding which includes a
plurality of spirally wound disk coils stacked in
superposed relation, means for directing flow of
2 cooling liguid between said coils in a generally
circumferential direction comprising a plurality
of radial spacer members positioned between pairs
of adjacent coils to maintain a duct between
said coils, said radial spacer members extending
radially across the adjacent surfaces of the re-
spective disk coils between which they are po-
sitioned and being ecircumferentially displaced
from each other around substantially the entire
circumference of said ocoils, a first insulating
cylinder spaced radially inwardly of said disk
coils, a second insulating cylinder spaced radially
outwardly of said disk coils, said radial spacer
membpers abutting alternately against said first
cylinder and said second cylinder, each of said
spacer members being spaced radially from the
cne of said insulating cylinders which it does
not abut, said eooling liguid flowing in a generally
circumferential direction between said pairs of
disk coils alternately radiaily inwardly and out-
wardly, flowing around the end of said spacer
members through the space between the end of
each of said spacer members and the insulating
eylinder which it dees not abut, said disk coils
heing divided into a plurality of groups for cool-
ing purpeses, each of said groups having at least
one disk coil, with disk-shaped spacer members
azxially separating said coil groups, each of said
disk-shaped spacer members having an aperture
to permit passage of cooling fluid from one coil
group to another, said coil groups being in series

7ith each other with respect to said fluid fiow.

5. In astationary electrical induction apparatus
of the type having a winding which includes a
plurality of spirally wound disk coils stacked in
superposed relation, means for directing flow of
a cooling liquid between said coils in a generally
circumferential direction comprising a plurality
of radial spacer members positioned between ad-
jacent coils to maintain a duct between said coils;
said radial spacer members extending radially
across the adjacent surfaces of the respective
disk coils between which they are positioned and
being eircumferentially displaced from each other
around substantially the entire circumference of
said respective pairs of disk coils, a first insulat-
ing cylinder spaced radially inwardly of said
disk coils, a second insulating cylinder spaced
radially outwardly of said disk coils, all except
one of said radial spacer members abutting al-
ternately said first and second cylinders, said one
radial spacer member abutting both of said eylin-
ders, said plurality of disk coils being divided
into a plurality of coil groups for cooling purposes,
each of said groups having at least one disk coil,
with disk-shaped spacer memberg separating said
coil groups, each of said disk-shaped spacer mem-
bers having an aperture to permit passage of
cooling fiuid from one coil group to another, said
coil groups being in series with each other with
respect to said liquid flow, said cooling liquid
within a given coil group flowing in a generally
circumferential direction between saiq disk coils
alternately radially inwardly and outwardly, flow-
ing around the end of each of said radial spacer

5 members until it reaches said radial spacer mem-
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ber which abuts both of said cylinders, said cool-
ing liquid then passing to an adjacent group of
disk coils through an aperture in one of said disk-
shaped spacer members.

6. In a stationary electrical induction apparatus
of the type having a winding which includes a
plurality of spirally-wound disk coils stacked in
superposed relation, means for directing flow of
a cooling liquid between said coils in a generally
circumferential direction comprising a plurality
of radial spacer members positioned between ad-
jacent coils to maintain a duct between said
coils, said radial spacer members extending ra-
dially across the adjacent surfaces of the re-
spective disk coils between which they are posi-
tioned and being circumferentially displaced from
each other around substantially the entire cir-
cumference of said respective pairs of disk coils,
a concentric cylindrical barrier member posi-
tioned radially inwardly and a concentric cylin-
drical barrier member positioned radially out-
wardly of said coils, each of said radial spacer
members having one end in abutting relation to
one of said cylindrical barrier members with the
other end of each of said radial spacer members
being radially displaced from the other of said
cylindrical barrier. members, said radial spacer
members being arranged so as to alternately abutb
said radially inner and said radially outer barrier
members, said cooling liquid passing in a generally
circumferential direction around said ends of said
radial spacer members which are displaced from
said barrier members, said plurality of disk coils
being divided into a plurality of coil groups for
cooling purposes, each of said groups having at
ieast one disk coil, with disk-shaped spacer metn-
bers axially separating said coil groups, each of
said disk-shaped spacer members having an aper-
ture to permit passage of cooling fluid from one
coil group to another.

7. In a stationary electrical induction ap-
paratus of the type having a winding whieh in-
cludes a plurality of spirally-wound disk coils
stacked in superposed relation, means for direct-
ing flow of a cooling liquid between said coils in
a generally circumferential direction comprising
a plurality of radial spacer members positioned
between adjacent coils to maintain a duct be-
tween said coils, said radial spacer members ex-
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tending radially across the adjacent surfaces of
the respective disk coils between which they are
positioned and being circumferentially displaced
from each other around substantially the entire
circumference of said disk coils, a concentric cy-
lindrical barrier member positioned radially in-
wardly and a concentric cylindrical barrier mem-
ber positioned radially outwardly of said coils,
each of said radial spacer members having one
end in abutting relation to one of the cylindri-
cal barrier members with the other end of each of
said radial spacer members being radially dis-~
placed from the other of said cylindrical barrier
members, said radial spacer members being ar-
ranged so as to alternately abut said radially
inner and said radially outer barrier members,
said cooling liquid passing in a generally circum-
ferential direction around said ends of said radial
spacer members which are displaced from said
barrier members, said disk coils being divided
into a plurality of coil groups for cooling pur-
poses, each of said coil groups having at least
one disk coil, with disk-shaped spacer members
axially separating said eoil groups, each of gaid
disk-shaped spacer members having an aperture
to permit passage of cooling liguid from one coil
group to another, the entrance and exit aper-
tures for the cooling liquid for any given coil
group being positioned substantially diametrically
opposite one another, the cooling liguid for any
given coil group flowing from the entrance aper-
ture to the exit aperture for that coil group in
two liquid fiow paths which are in parailel lquid
flow relation with respect to each other.
WILFRED J. BILODEAU.
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