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ELECTRICAL APPARATUS 
Frederick D. Fielder, Sharon, Pa., assignor to 
Westinghouse Electric Corporation, East Pitts 
burgh, Pa., a corporation of Pennsylvania 

Application February 22, 1945, Serial No. 579,200 
(C. 175-361) 5 Claims. 

My invention relates to electrical apparatus, 
such as transformers, and particularly to the ar 
rangement of the parts of the apparatus for in 
creasing the efficiency of cooling the apparatus. 
The invention is illustrated as applied to a core 
form transformer structure which is cooled by a 
liquid cooling and insulating medium, such as oil, 
in a cooling System in which the circulation of the 
cooling liquid is forced by purnping. 

It is common practice to in aerse electrical in 
duction apparatus, Such as transformers, in a 
cooling and insulating liquid, such as oil, and to 
provide cooling ducts through which the liquid 
passes along the heated parts of the apparatus to 
absorb heat therefron, and to provide for circu 
lating Such cooling medium to oring it into con 
tact with the transformer tank wall, or with the 
Wallis of radiators or coolers connected to the tank 
Wall through the Surfaces of which heat is com 
municated to the outside air, and the liquid is thus 
cooled. iine cooling medium thus flows down 
Wardly along the radiator or tank wall surfaces 
and upWaidy through the apparatus to be cooled, 
absorbing heat from the apparatus and conveying 
it through the radiator and taik Walls to the sur 
founding in edium, such as air. 

It often occurs in the operation of electrical ap 
paratus, Such as transfortners, that the natural 
circllation of the cooling and insulating liquid 
through the transformer tank and radiators by 
therinal action alone is inadequate to dissipate 
anough heat to keep the transformer sufficiently 
cool for Safe operation, particularly during peak 
loads. 
The heat dissipated by the Wiradings and core 

of a transformer is 2, function of the load on the 
transformer. In a liquid-cooled transformer hav 
ing a radiator type cooling System, the heat is first 
conveyed from the conductors of the windings, 
and from the core, to the cooling liquid, and then 
as the liquid circulates through the system the 
heat passes from the liquid through the walls of 
the transformer tank and the radiator walls to 
the surrounding raedium, which is usually air. 

it has been found desirable to operate the cop 
per of the transfortner windings at or below a 
certain predeterrained tengarature. The greater 
the capacity of the cooling Systeria for dissipating 
the heat generated by the flow of current through 
the transformer Windings, the greater is the load 
that may be safely carried by a given transformer. 
In a transformer cooled by natural convection 

alone, where there is no forced flow of the cooling 
medium, the circulation of the cooling liquid is 
comparatively slow through the cooling ducts pro 
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2 
vided between the winding coils. This results in a 
large difference in temperature between the aver 
age temperature of the copper in the winding coil 
of the transformer and the average temperature 
of the cooling fluid. If the rate of flow of the 
cooling liquid can be increased to the point where 
there is no stationary film of oil remaining on the 
coil surface, the temperature gradient between 
the coil and the oil will be greatly reduced, 
In accordance with Ray invention, the trans 

former coils are so constructed as to give turoulent 
oil flow along the contacting surfaces between the 
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Coppar conductors to be cooled, and means is pro 
vided to give high velocity fow along the surfaces, 
resulting in low experature gradient between the 
conductors and the oil or signilar cooling liquid. 

It is all object of the invexation tC provide ineans 
SO Organized as to effect a considerable increase 
in the cooling capacity of the apparatus without 
increasing the aaount of critical gaaterial used. 

It is a further oiject of the invention to provide 
a plurality of passageways distributed between 
the heated conductors of the Windings to provide 
many contact Surfaces along which the cooling 
medium may contact the parts to be cooled. 

It is a £urther object of the invention to provide 
barriers so arranged as to aore effectively guide 
the cooling fluid along the surfaces from which 
heat is consulicated to that fluid. 
Other objects of the invention will be apparent 

from the following description of a preferred em 
bodinent of the inventioi takes in connection 
With the accorapaying drawings, in which, 

Figure is a vertical view partly insection of a 
transfor 83 constructed in accordance with the 
inventiora; 

Fig. 2 is an enlarged view of a portion of the 
structure shown in Fig. 1, Ornitting certain parts; 

Figs. 3 and 4 are vertical and horizontal section 
all views, respectively, showing portions of the high 
voltage winding of the transformer; and 

Figs. 5 and 6 are detail views. 
Referring to the drawings, Fig. illustrates a 

transformer casing or tank , enclosing a trans 
former core and coil assembly 2 which is normally 
immersed in a cooling and insulating liquid 3, to 
an elevation Sufficiently high to permit circula 
tion througho radiator elements 4, connected at 
top and botto: in to the tank S. As illustrated, the 
radiators include vertical cooler members 5 ex 
tending between upper and lower headers 6 and 
T, and connected through suitable conduits 8 and 
9, to the interior of the tank adjacent the top 
and bottom thereof, respectively. Pumping means 
9 are shown for effecting a forced flow of the 
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cooling liquid through the circulating path, in 
cluding the transforiner tank and radiators. Eigh 
Voitage businings are shown Yaounted on the 
coveref the tank through which circuit conductors 
extend and connect to the conductors of the high 
voltage winding of the apparatus. 
A core form transfor her structure is shown, 

the core of which is provided with two vertical 
Winding leg portions 82, coinected at Ene top 
and botton by yoke Cortions 3 yaich conglete 
the Inaginetic circuit path. Ed. faires () are 
provided at the top and botton of the core stic 
ture and consist essentially of channels 5, ex 
tending along the opposite surfaces of the lamica 
tions, comprising the yoke portions of the core 
and held together by bolts 86, extending through 
the core in a Well known manner. Pressure plates 

E are provided, mounted on the end frames and 
adapted to Suppurt the transformer windings 
therebetween. The pressure plates are adjust 
ably supported from the end frames by means of 
bolts 8 to readily adjust the pressure brought 
against the ends of the windings supporting 
herebetween. 
A low Voltage winding assembly 28 and a high 

Voltage Winding assembly 22 are provided about 
each of the vertical winding legs 2 of the core 
and are shown in section in Fig. ... A portion of 
this section is enlarged in Fig. 2 to more clearly 
disclose the parts thereof and their relative 
positions. 

Referring particularly to Fig. 2, the low voltage 
Winding assembly 28, which is positioned closest 
to the winding leg 2, comprises two cylindrical 
coils 23 and 263 and two cylindrical barriers 23 35 
and 26 of insulating material positioned on the 
inside and outside, espectively, of the conductor 
tars of the Winding comprising the coils 23 and 
2. The coils and barriers are spaced apart to 
provide Wertical anular ducts 2, 28, and 29 adja 
cent the surfaces of the cylindrical coils 23 and 
2 to provide for the relatively rapid movement 
Of insulating fluidgwardly along the Surfaces 
of the coils. 
The outer high voltage winding assembly 22 

comprises a plurality of flat disc or pancake type 
coils shown in pairs 33 and 35 and spaced apart 
vertically to provide radial or horizontal ducts 36 
and 3 for the flow of the cooling liquid. Groups 
Of conductor Strands (shown in outline in Fig. 2) 
are separated to provide vertical ducts 33 in gen 
eral alignment through the stack of disc-type coils 
34 and 35 to provide annular vertical passageways 
through which the cooling oil may flow upwardly. 
between the turns of the winding conductors of 5 
the coils 23 and 24. The general direction of flow 
of the cooling liquid is shown by the arrows in 
Fig. 2. The outer high voltage winding assembly 
22 includes an inner cylindrical barrier (A and an 
outer cylindrical barrier 32, Spaced sufficiently 
from the inner surface and from the outer surface 
of the stack of coils 33 and 35 forming the Winding 
22 to provide vertical oil ducts 3 and 45, respec 
tively, adjacent the inner and outer periphery of 
the winding 22. 

In Order to more clearly show the path of low 
of the cooling liquid, the spacer members for 
holding the conductor turns and cylindrical bar 
riers in proper spaced relation are omitted in 
Fig. 2. - 

Referring to Figs. 3 and 4, it will be noted that 
Vertical Spacer members 5 are provided for spac 
ing the conductor turns in the coils 33 and 35 to 
provide vertical ducts 38. As shown in Sigs, 3 
and 4, three conductor turns 9 comprise a group 
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of winding U23s 325iveer each of the spacers is. 
For the Salee Of convenience in illustrating, the 
group is shov. E. &S a, Anit in Fig. 2 instead of iter 
tifying the ixzéividual turns. It will, of course, ee 
2ppreciated at any desired number of turns 
Inay be inci3 died in such a group. As shown is 
FigS. 3 and 4, radial Spacers (3 and 33 are provided 
extending radially from the cylindrical barrier is 
to the barrier (32 between successive disc-type coils 
33 and 35, comprising a stack of coils forming the 
Winding 22. 

It Will be noted that there is a space 3G gro 
Vided between the winding leg 82 of the core struc 
ture and the low voltage winding 23, a space 32 
between the low voltage assembly 26 and the high 
Voltage assembly 22, and a space 53 between the 
high Voltage Winding 22 and the tank Wall which 
Several Spaces are required in order to give the 
proper insulating strength through the liquid 
medium 3 in which the apparatus is immersed. 
In order to provide for a, noire rapid floy of the 
cooling medium along the surfaces of the wind. 
ing conductors to be cooled, barriers of insulating 
material, Such as pressboard, are positioned across 
the botton of the Windings to prevent the circula 
tion of oil or a similar cooling and insulating 
medium from the Space 54 beneath the coils up 
Wardly through the Spaces 58, 52, and 53, and to 
require thie circulating fluid to pass through the 
Several Vertical ducts 2, 28, and 29 in the loy 
Voltage winding assembly and the vertical ducts 
38, 63, and 44 in the high voltage winding assem 
bly. Barrier 55 is shown between the core wind 
ing leg 2 and the cylindrical barrier 25, outlining 
the inner wall of the low voltage winding assen 
bly. A horizontal barrier 56 is shown extending 
from the cylindrical barrier 26, forming the outer 
periphery of the low voltage winding assembly 24 
and passing beneath the cylindrical barriers 4 
and 2 of the high voltage winding assembly 
22 to a, barrier Seal joint 57 along the inner 
Wall of the casing 8. These horizontal bar 
riers 55 and 56 restrict the free flow of the 
insulating and cooling medium so as to cause 

OSt Of it to flow through the several ducts 
closely adjacent to the conductor Surfaces 
to be cooled resulting in 2, nore rapid movement 
of this liquid mediurn in those areas required to 
carry the heat from the copper conductors. The 
barrier 55 is placed about the winding leg loosely 
enough to permit Some foW of the cooling medium 
about the core leg to cool it, but the greater part 
of the cooling liquid goes through the ducts adja 
cent the Winding conductors. 

In order to more clearly illustrate the passage 
Ways and ducts for directing the flow of the cool 
ing and insulating liquid medium, the pressure 
plates , shown in Fig. 1 are omitted from Fig. 2. 
For the purpose of supporting the ends of the 
Windings from the pressure plates , pressure 
collars of insulating material are provided, two 
such collars 6 and 62 being shown adjacent the 
Opposite ends of the cylindrical coils 23 and 24. 
These collars are annular in shape, following the 
end surface of the cylindrical coils and forming 
stiffening members between the pressure plates 
and the coil ends to support the coils. Similar 
collars 63 and 64 are provided for the high volt 
age winding, these collars being higher because 
of the greater insulating strength required. The 
collars 63 and 64 are spaced to provide the pas 
SageWays 65, 66, and 6 through which the cool 
ing and insulating medium, such as oil, is Sup 
plied to the vertical ducts 43, 38, and 44 pre 
viously described. Static plate elements are 
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provided, comprising essentially a plurality of 
turns of wire T2 embedded in insulating blocks 
and supported by blocks 74 of insulating mate 
rial positioned between the static plate elements 

and the pressure collars 63 and 64. It will be 
appreciated that the radial spacers 4 and 8 
shown in Fig. 3 are positioned between the static 
plate elements Ti and the series of flat coils 3 
and 35 comprising the coil stack of the high volt 
age winding 22 at the required elevations up to 
similar static plate elements at the upper 
end of the winding. 

In order to seal the barrier 56 against the tank 
wall and at the same time to provide for readily 
removing the transformer core and coil assembly 
from the tank, a joint 57 between the outer pe 
riphery of the barrier 56 of the tank wall is pro 
vided. The structure of this joint is more clearly 
shown in Figs. 5 and 6 and comprises a steel angle 
8? welded as at 82 to the tank wall and having 
an inwardly extending horizontal flange 83 
adapted to receive and support the outer rim of 
the barrier 56. This steel angle extends contin 
uously along the inner surface of the tank wall 
forming an annular support for the rim of the 
barrier 56. A stiffener 84 of insulating material, 
Such as Micarta, is provided along the rim of the 
barrier 56 and a series of micarta clamps 85 
are provided, extending inwardly from the tank 
wall and adapted to grip the stiffener member 
84 and the rim of the barrier 56 between the 
clamps 85 and the rim of the angle iron 8. For 
this purpose, bolts 86 are provided at Spaced in 
tervals along the flange 83 for holding, clamps 85 
in the positions shown in full lines in Figs. 5 and 
6, the lower end of the bolts being Screw threaded 
into the flange 83 of the angle iron at 87. The 
location of these bolts is Such that a tool having 
a long handie may be readily extended down 
along the inner wall of the tank to loosen or 
tighten the bolts 86. Stop members 88 are posi 
tioned (as shown) to Space the inner end of the 
clamping members 85 at a convenient elevation. 
When it is desired to remove the core and coil 
assembly from the tank, the bolts 86 are loosened 
and the clamping members 85 turned through 
90° to the position shown in dotted lines 89 in 
Fig. 5, thus permitting the barrier 56 and the 
remaining parts of the core and Coll assembly to 
be moved vertically from the tank. 
The invention is illustrated with respect to a 

transformer having cylindrical low voltage wind 
ing coils and pancake or disc type high voltage 
winding coils. It will be appreciated however 
that other groupings of the windings may be 
made within the spirit of the invention. 

Since modifications in the apparatus illustrated 
and described, and which may be made within 
the Spirit of the invention, will occur to those 
skilled in the art, do not wish to be limited 
otherwise than by the scope of the appended 
claims. 
I claim as my invention: 
1. In an electrical transformer, in combination, 

a core and coil assembly comprising a magnetic 
core structure having a vertical winding leg, a 
low voltage winding assembly spaced from and 
Surrounding the winding leg of the core, the low 
voltage winding assembly including two cylin 
drical barriers of insulating material positioned 
in spaced relation from the low voltage winding 
on the inside and on the outside thereof, respec 
tively, a high voltage winding assembly spaced 
from and Surrounding the low voltage winding 
aSSembly and comprising a plurality of flat disc 
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type coils spaced apart to provide space for the 
circulation of cooling and insulating liquid there 
between, each coll having a plurality of turns of 
conductor strands, the conductor strands being 
spaced radially apart at intervals to provide a 
plurality of annular passageways in vertical 
alignment through the coils to permit. cooling 
liquid to pass vertically therethrough, the high 
voltage winding assembly including two cylindri 
cal barriers of insulating material positioned in 
spaced relation from the high voltage winding 
coils on the inside and outside thereof, respec 
tively, and a barrier of insulating material below 
the bottom of the colls of the windings and con 
tinuing to the tank wall to prevent cooling liquid 
from passing upwardly in the space between the 
winding leg of the core and the low voltage wind 
ing assembly, between the high voltage winding 
assembly and the tank wall, and in the space 
between the high-voltage winding assembly and 
the low-voltage winding assembly, the barrier be 
ing provided with openings therethrough posi 
tioned to permit the flow of cooling liquid up 
wardly through the cooling passageways within 
the winding assemblies adjacent the conductor 
turns to be cooled. 

2. In an electrical transformer, in combination, 
a Core and coil assembly comprising a magnetic 
Core structure having a vertical winding leg, a 
low voltage winding assembly spaced from and 
surrounding the winding leg of the core, the low 
voltage winding assembly including two cylindri 
cal barriers of insulating material positioned in 
spaced relation from the low voltage winding on 
the inside and on the outside thereof, respec 
tively, a high voltage winding assembly spaced 
from and surrounding the low voltage winding 
assembly and Comprising a plurality of flat disc 
type coils spaced apart to provide space for the 
circulation of cooling and insulating liquid there 
between, each coil having a plurality of turns of 
conductor strands, the conductor strands being 
Spaced radially apart at intervals to provide a 
plurality of annular passageways through the 
coils to permit cooling liquid to pass vertically 
therethrough, the high voltage winding assembly 
including two cylindrical barriers of insulating 
material positioned in Spaced relation from the 
high voltage winding coils on the inside and out 
side thereof, respectively, and a barrier of in 
sulating material below the bottom of the coils 
of the windings and continuing to the tank wall 
to prevent cooling liquid from passing upwardly 
in the Space between the high voltage winding 
assembly and the tank wall, and in the space be 
tween the high-voltage winding assembly and 
the low-voltage winding assembly, the barrier be 
ing provided with openings therethrough posi 
tioned to permit the flow of cooling liquid up 
wardly through the cooling passageways within 
the winding assemblies adjacent the conductor 
turns to be cooled, and a barrier in the space be 
tween the winding leg of the core and the low 
voltage winding assembly for limiting the flow 
of cooling and insulating liquid between the 
winding leg of the core and the low voltage wind 
ing assembly. 

3. In an electrical transformer, in combination, 
a core and coil assembly comprising a magnetic 
core structure having a vertical winding leg, a 
low voltage winding assembly spaced from and 
surrounding the winding leg of the core, the low 
voltage winding assembly including two cylindri 
cal barriers of insulating material positioned in 
Spaced relation from the low voltage winding on 



2,454,147 
7 

the inside and on the outside thereof, respec 
tively, a high voltage winding assembly Spaced 
from and surrounding the low voltage winding 
assembly and comprising a plurality of flat disc 
type coils spaced apart to provide space for the 
circulation of cooling and insulating liquid there 
between, each coil having a plurality of turns of 
conductor strands, the conductor Strands being 
spaced radially apart at intervals to provide a, 
plurality of annular passageways through the 
coils to permit cooling liquid to pass vertically 
therethrough, the high voltage winding assembly 
including two cylindrical barriers of insulating 
material positioned in spaced relation from the 
high voltage winding coils On the inside and out 
side thereof, respectively, and barriers of in 
sulating material below the bottom of the coils 
arranged to guide the flow of Cooling and in 
sulating liquid upwardly against the bottom of 
the high voltage and low voltage coils and up 
wardly between the cylindrical barriers outlining 
the low voltage winding assembly and between 
the cylindrical barriers outlining the high Volt 
age winding assembly, and for limiting the flow 
of the cooling and insulating liquid in the Spaces 
between the winding leg of the core and the low 
voltage winding assembly, between the low volt 
age winding assembly and the high voltage wind 
ing assembly, and surrounding the high Voltage 
winding assembly. 

4. In an electrical transformer, in combination, 
a casing, an insulating and cooling liquid in the 
casing, a core and coil assembly within the cas 
ing immersed in the liquid and comprising a 
magnetic core structure having a vertical wind 
ing leg, and upper and lower end frames for Sup 
porting the core and coil structure, a low voltage 
Winding assembly Spaced from and Surrounding 
the winding leg of the core and Supported be 
tween the end frames, a high voltage winding 
assembly spaced from and surrounding the low 
voltage Winding assembly and Supported between 
the end frames, the conductor turns comprising 
the windings in both the low voltage winding and 
the high voltage winding being spaced to pro 
vide Wertical ducts for the flow of the cooling and 
insulating liquid between the outer and inner 
periphery of the Winding, the low Voltage wind 
ing assembly and the high Voltage Winding as 
sembly each including two cylindrical barriers 
Spaced slightly from the outer and inner sur 
faces of the winding turns respectively forming 
narrow ducts along the surfaces of the winding 
for guiding the flow of cooling and insulating 
liquid adjacent the conductor turns, and barriers 
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for blocking the upward flow of the cooling and 
insulating liquid from the space below the wind 
ings to the space above the windings except 
through the above-defined ducts. 

5. In an electrical transformer, in combination, 
a Casing, an insulating and cooling liquid in the 
Casing, a core and coil assembly within the cas 
ing innersed in the liquid and comprising a mag 
netic core structure having a vertical winding 
leg, and upper and lower end frames for sup 
porting the core and coil structure, a low voltage 
winding assembly spaced from and surrounding 
the winding lieg of the core and supported between 
the end frames, a high voltage winding assembly 
Spaced from and surrounding the low voitage 
winding assembly and supported between the 
end frames, the conductor turns comprising the 
Windings in both the low voltage winding and the 
high voltage winding being spaced to provide ver 
tical ducts for the flow of the cooling and in 
Suating liquid between the outer and inner pe 
riphery of the winding, the low voltage winding 
assembly and the high voltage winding assembly 
each including two cylindrical barriers spaced 
slightly from the outer and inner surfaces of the 
winding turns respectively, forming narrow ducts 
along the surfaces of the Winding for guiding 
the flow of cooling and insulating liquid adjacent 
the conductor turns, and barriers for blocking the 
upward flow of the cooling and insulating liquid 
from the space below the windings to the space 
above the windings except through the above 
defined ducts, and a plurality of spaced annular 
collars of insulating material positioned between 
the opposite ends of the high voltage winding 
and the end frames for supporting the winding 
and providing annular passageways for directing 
the flow of cooling liquid through the ducts ad 
jacent the winding turns. 

FREDERICK D. FIELDER. 
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