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3,271,710 
COOLING SYSTEMS FOR UNDERGROUND 

TRANSFORMERS 
Merrill G. Leonard, Brook?eld Township, Ohio, assignor 

to Westinghouse Electric Corporation, East Pittsburgh, 
Pa., a corporation of Pennsylvania 

Filed Mar. 6, 1964, Ser. No. 349,895 
6 Claims. (Cl. 336-55) 

This invention relates in general to improvements in 
the ventilation and safety of electrical inductive appa 
ratus, and more particularly to improvements in ventila 
tion and safety relative to transformers mounted par 
tially or wholly below ground level. 
Some underground enclosures or vaults for housing 

transformers may have solid covers for safety purposes, 
with the transformers being substantially derated be 
cause of the lack of ventilation. Other underground 
vaults may have ?at expanded metal covers, with some of 
the openings in the expanded grill work being utilized 
for intake air and other openings being utilized to dis 
charge heated air. The opposite air flow pattern set up 
by the expanded metal type cover results in considerable 
recirculation of the air, with the heated air immediately 
re-entering the transformer enclosure, with a resultant 
loss of cooling e?iciency. Further, the openings in the 
expanded metal cover are hazardous from a safety stand 
point as it is easy for children to push sticks and other 
foreign objects through the openings. 

Accordingly, it is an object of this invention to provide 
a safe and ef?cient cooling system for inductive appara 
tus. 
Another object of this invention is to provide a cooling 

system for underground vault-mounted transformers that 
vw'll allow the transformers to be operated without re 
duction in rating. 
A further object of the invention is to provide a cooling 

system for underground vault-mounted transformers that 
substantially eliminates recirculation of the cooling air. 

Another object of the invention is to provide a strong 
chimney effect which increases circulation of air around 
vault-mounted transformers. 
A further object of this invention is to provide a trans 

former-electric light pole combination which is safe, 
highly efficient, and which protects the transformer from 
damage when vehicles accidentally strike the light pole. 

Brie?y, the present invention accomplishes the above 
cited objects by providing an enclosure disposed below 
ground level in which a transformer is mounted; said 
enclosure being provided with ‘a substantially dome 
shaped top having a ?at horizontal upper portion. The 
inlet air enters near the bottom of the dome through long, 
thermally insulated ducts which discharge air near the 
bottom of the vault. The lighter, heated air is dis 
charged near the top of the dome. Thus, the intake and 
outlet air currents are separated not only by distance, 
but also by height, substantially eliminating recirculation 
with its resulting loss in cooling ef?ciency. The air inlet 
ducts prevent sticks and other foreign objects from being 
inserted into dangerous areas, and the outlet ducts may 
be suitably ba?led to prevent children from inserting 
foreign articles into dangerous areas. 
Another embodiment of the invention is to mount a 

hollow polevor tube over the top of the dome-shaped 
cover, such as an electric light pole. The hollow pole 
produces a strong chimney effect, greatly increasing air 
circulation, and at the same time eliminating the necessity 
of air outlets on the dome cover. Thus, there is abso 
lutely no way for articles to be inserted into the vault, 
except through the long intake ducts, which safely divert 
the articles away from any dangerous electrical potentials. 
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Further objects and advantages of the invention will 
become apparent as the following description proceeds 
and features of novelty which characterize the invention 
will be pointed out in particularity in the claims annexed 
to and forming a part of this speci?cation. 
For a better understanding of the invention, reference 

may be had to the accompanying drawings, in which: 
FIGURE 1 is a side elevation, partially in section, of 

an underground enclosure and transformer, illustrating 
one embodiment of the invention; 
FIG. 2 is a top view of the apparatus shown in FIG. 1; 
FIG. 3 is a side elevation, partially in section, of an 

underground vault and transformer combination illustrat 
ing another embodiment of the invention; 
FIG. 4 is a top view of the apparatus shown in FIG. 3; 
FIG. 5 is a perspective view illustrating how the in 

vention may be combined with electric street lighting 
apparatus to form a safe, e?‘icient, esthetically pleasing 
installation; and 

FIG. 6 is a graph illustrating the winding and oil 
temperatures of a vault-mounted transformer utilizing 
the teachings of this invention. 

Referring now to the drawings, and FIG. 1 in par 
ticular, there is shown a side elevation, partially in sec 
tion, of a transformer-vault installation 10, illustrating 
one embodiment of the invention. In particular, the 
transformer-vault installation 10 comprises an enclosure 
or vault 12, which may be constructed of concrete or 
other suitable material, and disposed "below the ground 
level 14. The bottom 16 of the enclosure 12 may con 
sist of gravel to facilitate drainage, with a transformer 
18 being disposed within the enclosure 12. Supports 29 
may be provided between the transformer 18 and the 
bottom 16, to insure adequate ventilation under the trans 
former. High voltage leads 13 and 15 may enter the 
enclosure 12 from underground, and are connected to 
high voltage bushings 17 and 19. Low voltage bushings 
21, 23 and 25 have leads 27, 29 and 31 connected re 
spectively thereto, and may go out the sides of the en 
closure 12 to serve connected loads, and may also extend 
tvertically, as will hereinafter be explained, to serve 
lighting loads. The transformer ground connection may 
be made through conductor 37 to terminal 33 on the 
transformer 18. 

In order to prevent recirculation of cooling air which 
is caused by the presence of adjacent opposite air flow 
patterns, a dome-like cover or top 22 is provided and 
suitably attached to the enclosure 12 by nut and bolt 
combination 24, or other suitable fastening means. The 
cover 22 may be constructed of steel, or other structurally 
strong materials. The dome-shaped cover 22 allows a 
circulation of cooling air to be set up around transformer 
18, which takes full advantage of the natural laws of 
cool and warm air ?ow, and prevents recirculation of the 
air which lowers cooling e?iciency. This is accomplished 
by providing one or more openings 26 around the bottom 
portion of cover 22, and one or more openings 28 around 
the upper or top portion of cover 22. The openings 26 
are for inlet air, and they are connected to ducts 30 
which direct the inlet air towards the bottom of the en 
closure 12. The ducts 30 should be formed of a ma» 
terial having good thermal insulating properties, such as 
the asbestos base materials, to prevent thermal blocks 
from being set up in the ducts which would prevent the 
desired air circulation. The openings 26 may be cov~ 
ered with a metallic grill work to prevent large foreign 
objects from being placed in the ducts 30. Any objects, 
however, that are inserted into ducts 30, would be dig 
verted from the transformer, and thus the ducts 30 pro 
vide an additional safety factor. 
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As the incoming air, as shown by the arrows, is heated, 
it rises toward the top of the dome cover 22. Air out‘ 
lets 28 are provided to allow the heated air to readily 
escape the enclosure 22. The air discharge level, being 
substantially higher than the air intake level, prevents 
adjacent contra air currents from setting up recirculation 
of the heated air back into the enclosure 12. Further, 
a chimney effect is set up after a few hours operation of 
the transformer 18, which provides a natural circulation, 
drawing fresh cooler air into the enclosure 12 through 
inlet openings 26 and ducts 30, passing the air under, 
over and around the transformer 18 and up to the air 
discharge outlets 28. The air discharge outlets 28 may 
also have a metallic grid work covering them to prevent 
the entry of large foreign objects. The height of the 
discharge outlets 28 above the transformer adds to the 
safety of the installation; however, ba?les may be stra 
tegically disposed in the dome to prevent sticks and other 
foreign objects that may be inserted through the grill 
work from coming into contact with dangerous potentials. 
Or, as an alternative, the grid Work may be protected by 
a ba?le. If the transformer-vault installation 10 is also 
associated with street lighting, an electric light pole 32 
may be attached, by nut and bolt means 34, or any other 
fastening means, to the top of the dome cover 22. Elec 
trical leads 27 and 29 may gain access to the electric light 
through a suitable opening 35 through the pole 32. 

FIG. 2 shows a top view of the transformer-vault com‘ 
bination 10, shown in FIG. 1. The air openings 26 and 
28 may be disposed as shown, or the openings 28 may 
be located on sides 36 and 38 of the dome cover 22 in 
stead of sides 40 and 42. Further, more or less air out 
lets 26 and 28 may be utilized, depending upon the de 
sired quantity of air flow. 
The arrangement shown in FIGS. 1 and 2 also protects 

the transformer 18 from possible damage when vehicles 
accidentally strike the dome cover 22. 
When the transformer-vault combination 10 is to be 

associated with street lighting, it is possible to make use 
of the electrical light pole in a manner that provides very 
efficient air circulation and added safety from foreign 
objects being inserted into the enclosure 12. This em 
bodiment of the invention is illustrated in FIGS. 3 and 
4, with like reference numerals indicating like components. 
More specifically, by utilizing an electric light pole 

50 having a large longitudinal opening 52 therein, a very 
strong chimney effect is produced which eliminates the 
necessity of the air discharge openings 28 shown in FIGS. 
1 land 2. The heated air will rise through the longitu 
dinal opening 52 in the electric light pole 50, and may 
be discharged through suitable openings near the top of 
the pole. FIG. 5 shows a perspective view of this type 
of installation, with air discharge openings being shown 
‘at 54, just below an electric light 60 and enclosure 63. 
The upper surface 61 of electric light enclosure 63 may 
be reflectorized in order to distribute the light to the 
street below. The sides of enclosure 63 may also be 
strategically reflectorized to produce different light inten 
sities ‘on the street side as compared to the curb side. 

Thus, the air inlet ducts 30 safely divert foreign ob‘ 
jects placed through openings 26 from coming into con 
tact with the transformer 18 and its associated leads and 
bushings, and the air discharge openings are high enough 
above ground level to be completely safe from foreign 
objects. a 

To illustrate the effectiveness of the cooling, tests were 
made using a 75 kva. transformer disposed in a subway 
type enclosure or vault. The maximum rated winding 
temperature, ambient plus temperature rise of the trans— 
former windings was 95° C., and the transformer loads 
which would produce a maximum winding temperature 
of 95° C. for different types of ventilation were noted. 
With a completely closed cover, the 75 kva. transformer 
had to be derated 18% in order to not exceed the 95° C. 
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4 
maximum winding temperature. With a flat, expanded 
metal cover, which is the conventional method of Wm 
tilating subway type transformer installations, the trans 
former had to be derated 2% in order to prevent the wind 
ing temperature from exceeding 95 ° C. The expanded 
metal top also is hazardous from a safety viewpoint, be 
cause of the ease with which foreign objects may be 
placed into the transformer enclosure 12. Utilizing the 
teachings of this invention, two ?ve-inch diameter ther 
mally insulated ducts were connected to inlet openings, 
with the air being discharged through a hollow electric . 
light pole. The 75 kva. transformer operated without 
any derating and without exceeding the 95° C. maximum 
winding temperature. 

FIG. 6 is a graph, with time in hours and days being 
plotted on the abscissa, and temperature in degrees C. 
being plotted on the ordinate, showing curves of how the 
,transfarmer winding temperature and transformer oil 
temperature varied over a three-day period. The trans 
former was ventilated in accordance with the principles 
disclosed herein. Dotted curve 68 is the winding tempera 
ture, and the dot-dash curve ‘70 is the transformer oil 
temperature. It can be seen from the graph in FIG. 6, that 
With the transformer at 100% load, the winding temper 
ature 60 did not exceed the maximum temperature rise 
line 80 located at 95° C. 

In summary, a new and improved ventilating system 
for subway or vault mounted transformers has been dis 
closed which not only improves the air circulation effi 
ciency, but provides a safer, less hazardous installation. 
Transformers may be disposed in underground enclosures, 
utilizing the teachings of this invention, without derating 
the transformers, and when the transformer-vault com 
bination is associated with electric street lighting, an 
efficient, safe, esthetically pleasing installation can be 
provided. 

Since numerous changes may be made in the above 
described apparatus and different embodiments of the in 
vention may be made without departing from the spirit 
thereof, it is intended that all matter contained in the 
foregoing description or shown in the accompanying draw 
ings shall be interpreted as illustrative, and not in a limit 
ing sense. 

I claim as my invention: 
1. In combination, an enclosure; electrical inductive 

apparatus disposed within said enclosure; a cover having 
a sloping side portion forming a substantially dome shape, 
with its side portion sloping inwardly from the bottom 
portion ‘of said cover to its top portion; said cover being 
disposed over said enclosure; said cover having at least 
one opening disposed near its top portion, and at least 
one opening disposed near its bottom portion, with said 
at least one opening disposed near its bottom portion be 
ing disposed in the side portion of said cover; and duct 
means extending downwardly from said at least one 
opening near the bottom portion of said cover to the 
lower portion of said enclosure; said electrical inductive 
apparatus heating the surrounding air when energized and 
starting air circulation, with the air heated by said induc 
tive apparatus rising and being discharged through said 
at least one open-ing near the top portion of said cover 
and air being drawn into the enclosure through said at 
least 'one opening near the bottom portion of said cover 
through said duct means to the lower portion of said en 
closure. 

2. The combination’ of claim 1 wherein said an en~ 
closure is disposed at least partially below ground level; 
and including a pole having a longitudinal opening there~ 
in; said pole being disposed on the top of said cover. 

3. The combination of claim 1 including an electric 
light pole and associated electric light; said electric light 
pole having a longitudinal opening therein and being dis— 
posed upon the top of said cover; the electrical connection 
between said electrical inductive apparatus and said elec 
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tric light vbeing through the opening in said electric light 
pole. 

4. In combination, an enclosure; an electrical trans 
former disposed within said enclosure; a cover having a 
sloping ‘side portion forming a substantially dome shape 
with a substantially ?at top portion; the sides of said cover 
sloping inwardly from the bottom portion of said cover 
to its top port-ion; said cover being disposed over said 
enclosure; said cover having an opening in its top portion; 
said cover having at least one opening disposed in said 
side portion near its bottom portion; duct means extend 
ing downwardly from said at least one opening in the side 
portion of said cover to the lower portion of said en 
closure; a pole having a longitudinal opening therein and 
being disposed on said cover with the opening in the top 
of said cover coinciding with the opening in said pole; the 
heating of said transformer when energized starting air 
circulation, with the air in the enclosure heated by said 
transformer rising up through the opening in said pole, 
and air being drawn in through the bottom openings of 
said cover through said duct means to the lower portion 
of said enclosure. 

5. The combination of claim 4 including an electric 
light disposed on said pole; the electrical connections be 

5 

10 

20 

6 
tween said transformer and said electric light being com 
pleted through the longitudinal opening in said pole. 

6. The combination of claim 5 wherein said enclosure 
is disposed at least partially below ground level. 
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