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Description
This patent

[0001] claims priority from U.S. Provisional Application
No. 61/638,275.

Field of the Invention

[0002] The present invention relates to non-evapora-
tive or "dry" heat exchangers, particularly those used to
cool marine power transformers, although the invention
can be used in any environment or situation where "dry"
cooling solutions are required or desired.

Background of the Invention

[0003] Itis known thatair used for cooling atransformer
is passed over a series of coils through which water is
circulated. The prior art dry transformer cooling coils con-
sist of a series of straight double-walled tubes which ter-
minate at each end in sealed chambered headers. The
inner tubes of the straighttubes terminate in one chamber
ofthe header, and the outer tubes terminate in a separate
sealed chamber of the header. Cooling fluid is circulated
through the inner tubes, and through the corresponding
chambers of the headers at each end. Air is passed only
over the tubes, and the chambered headers are located
outside of the air stream. Any leak in one of the inner
tubes is captured by its corresponding outer tube and
travels to the separate header chamber at which the outer
tubes terminate. Thus, any water from leaks in the inner
tubes finds its way to an outer tube chamber in one of
the headers. A leak detector is present at the bottom of
each of the outer tube chambers to detect the presence
of any water. The headers are sealed from one another
and from the outside with gaskets, but can be opened
for inspection. The disadvantages of this system include
the material cost and complex construction of the cham-
bered headers, with outer tubes terminating in one cham-
ber and inner tubes terminating in another chamber. In
addition, the chambered headers restrict the ability to
efficiently circuit the coil.

[0004] DE 19608049 discloses a refrigerant evapora-
tor in a vehicle air conditioning system for cooling an air
stream to the passenger compartment. The evaporator
is a heat exchanger with a serpentine coil for the refrig-
erant with double-walled straight passages connected
by single-walled return bend tubes connected to the inner
tubes of the double-walled tubes. The return bend tubes
and the ends of the straight outer tubes are provided in
return bend boxes, from where a possible leakage can
be drained.

[0005] US 3467178 discloses an air cooling apparatus
for a transformer comprising a serpentine formed radiator
coil.
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Summary of the Invention

[0006] The presentinvention provides an elegant, safe
and cost effective alternative to the prior art.

[0007] While not intended to limit the scope of the in-
vention, the description of the invention herein is present-
ed in the context of a dry cooling solution for marine and
other "dry" applications where the need to prevent water
contact or contamination is critical. In particular, the
present invention is particularly well-suited for use in a
cooling unit used to cool transformers on ships. A "dry"
cooling solution is required for marine transformers be-
cause if water contact causes a ship or other marine
transformer to short circuit and fail, the ship can be left
stranded without power. Therefore, marine transformer
cooling systems are required to be "failsafe" systems that
do not expose water to the transformer and which provide
for the isolation and detection of any potential leaks in
the system.

[0008] According to the first aspect of the invention
there is provided a heat exchanger in accordance with
claim 1.

[0009] According to a second aspect of the invention
there is provided a transformer cooling system in accord-
ance with claim 8.

[0010] Therefore, there is presented according to an
embodiment of the invention, a non-evaporative heat ex-
changer coil having a plurality of straightinner tubes con-
nected by a plurality of return bends. The return bends
allow fluid to move back and forth through the straight
inner tubes of the coil. The return bends are preferably
located outside of the air flow passing over the coil. The
straightlengths of the inner tubes are each situated within
a corresponding outer or "safety" tube. The outer tubes
preferably terminate at or before the return bends that
connect the inner tubes to one-another, but in any event,
the ends of the outer tubes are located outside of the air
flow path. Thus, the straight lengths of the heat exchange
coil are double-walled or doubled tubed (inner tube within
an outer tube), but the return bends are single-walled or
single tubed. According to an embodiment of the inven-
tion, the inner surfaces of the outer tubes are dimpled,
grooved, ribbed, or otherwise patterned to create both
contact points and voids between the inner and outer
tubes. Leaks occurringinthe straightinnertubes are cap-
tured by the outer tubes and the leaking fluid will flow in
the space between the inner and outer tubes, drip or flow
out the end of the outer tube, outside of the air flow path,
to be captured in a drip pan or leak detector box at the
bottom of the coil housing. According to an embodiment
of the invention, leaks occurring in the return bends will
also be captured in drip pan or leak detector box. The
bottom of the coil housing may be sloped so that only
one leak detector is required.

[0011] According to an embodiment of the invention,
capturing leaks outside of the airstream allows a dry
transformer to continue operating, notwithstanding the
existence of a leak. In the case of a marine transformer
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on a ship, this embodiment allows a ship to continue op-
erating long enough to return to port for repair.

[0012] According to an embodiment of the invention,
no chambered headers are used, and neither the return
bends nor the ends of the outer tubes need be contained
in special water-tight housings.

[0013] According to an embodiment of the invention,
connecting the inner tubes using return bends, thereby
avoiding chambered headers, allows for more flexibility
in coil circuit design.

[0014] According to the invention, the return bends of
the inner tubes are located outside of and separated from
the air flow path over the coil.

[0015] Accordingtothe invention, the ends of the outer
tubes are located outside of and separated from the air
flow path over the coil.

[0016] According to an embodiment, the return bends
and the ends of the outer tubes are located in a return
bend box or other portion of the housing that is set off,
but attached to, the primary housing. According to an
embodiment of the invention, the return bend box need
not be water-tight.

[0017] According to an embodiment of the invention,
fluid may also be introduced to and returned from the coil
at one of the return bend boxes. The leak detectors may
be located at the bottom of the return bend boxes. Ac-
cording to a further embodiment of the invention, a slop-
ing drain pan may be provided at the bottom of the coil
so that water collected from leaks at one side of the coll
drains to the other side of the coil for detection using a
single leak detector. Preferably, when a leak is detected,
the transformer may be turned off, either automatically
or manually, so the leak can be repaired.

[0018] According to an embodiment of the invention,
the space between the outer tubes and the inner tubes
may be sealed or otherwise closed at one end of the cail,
so that any leak in the inner tubes comes out only in the
return bend box at the opposite end of the coil. According
to a preferred embodiment, the space between the inner
and outer tubes remains open at the header end of the
coil, and is sealed at the opposite end of the coil, so that
water from leaks in the inner tubes travels down the inside
of the outer tubes and into the return bend box at the
header end, where it is detected by a leak detector. Ac-
cording to this embodiment, there is no need for a sloping
drain pan.

[0019] According to an embodiment of the invention,
the coils may be situated in the bottom portion of a hous-
ing or "box" which is attached to a transformer transfer
box. Fans located in the top portion of the housing draw
air from the transfer box and force it down over the coils
where it is cooled, and the cooled air then exits the hous-
ing and returns to the transfer box. Heat transfer is facil-
itated with the use of fins fixed to the outside surfaces of
the outer/safety tubes.

[0020] According to an embodiment of the invention,
the coils can be an open system, in which water is drawn
from a source, circulated through the coils and returned
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to the source, or a closed system in which the same water
is circulated through the coils. In the case of a closed
system, the water warmed by the air passing over them
will be cooled in a separate system before returning to
the coils of the present invention.

[0021] While the present invention is described in the
context of a heat exchanger in which water is used to
cool air that in turn is used to cool a power transformer,
the invention is equally suited to other types of heat ex-
change. For example, persons of ordinary skill in the art
would readily recognize that the invention can be equally
used to effect heat exchange in reverse, whereby air
passing over the coils can be used to receive heat from
a process/industrial fluid contained in the coil, thereby
cooling the process fluid.

Description of the Drawings

[0022] The subsequent description of the preferred
embodiments of the present invention refers to the at-
tached drawings, wherein:

Figure 1A is a schematic of a section of heat ex-
change coil according to an embodiment of the in-
vention.

Figure IB is a representation of the principles of the
invention, accomplished with double-walled/double
tubed straight tubes connected by single- walled/sin-
gle tubed return bends.

Figure 2A is a front view schematic of a heat ex-
changer including a heat exchange coil according to
an embodiment of the invention.

Figure 2B is a side view schematic of the heat ex-
changer shown in Figure 2A.

Figure 3 is a front perspective drawing of a trans-
former air cooling unit, including a heat exchanger
according to an embodiment of the invention.

Figure 4 is arear perspective drawing of a transform-
er air cooling unit shown in Figure 3.

Figure 5 is another rear perspective drawing of the
transformer air cooling unit shown in Figure 3.

Detailed Description of the Invention

[0023] In the following description, numerous details
are set forth to provide a more thorough explanation of
the presentinvention. It will be apparent, however, to one
skilled in the art, that the present invention may be prac-
ticed without these specific details.

[0024] Figure 1A shows a heat exchange coil 10 ac-
cording to an embodiment of the invention. Heat ex-
change coil 10 receives fluid from header 12 through con-
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necting tube 14. Connecting tube 14 is connected toinner
tube 16a. Fluid travels through the heat exchange coil
through inner tubes 16a, 16b, and 16c, via return bends
18a and 18b. Inner tubes 16a, 16b, and 16c are expand-
ed into outer tubes 20a, 20b, and 20c, respectively. Ac-
cording to an embodiment of the invention, the inner sur-
faces of outer tubes 20a, 20b, and 20c have dimples,
ribs, or other surface features 21 to create both contact
between and voids between the inner and outer tubes to
allow the passage of fluid between them (see Figure 1B).
According to an alternative embodiment, the outer sur-
face of the inner tubes may have spacing features or be
fitted with spacing devices to accomplish the same pur-
pose. Fins 22 are fixed to the outside surfaces of the
outer tubes to enhance heat exchange. The air flow is
directed only over the center portion 24 of the coil. Return
bends 18a, 18b, and the ends 26 of outer tubes 20a, 20b
and 20c are located outside the air flow path.

[0025] According to one method of manufacturing a
coil according to the invention, outer tubes are inserted
into the fin matrix and expanded into the fins. The inner
tubes are theninserted into the outer tubes and expanded
to provide contact at the contact surfaces and voids at
non-contact locations. The return bends may then be
brazed to the inner tubes.

[0026] If a leak occurs in any of inner tubes 16a, 16b,
or 16¢, it will be captured in corresponding outer tube
20a, 20b, or 20c, travel down the length of the tube in
which it was captured by virtue of the voids created be-
tween the tubes by the inner surface features 21 of outer
tubes 20a, 20b and 20c, then fall out of the end of the
outer tube under force of gravity into a drip pan/drain pan
28 in return bend box 30a, 30b (Fig. 2), outside of the air
flow path. In this way, the air flow path (and hence the
transformer, or any other device into which the air is ul-
timately directed) is protected from water contamination
resulting from leaks in the heat exchange coil, and leaks
are quickly and easily detected, all without complicated
nested and sealed chambered header arrangements. Al-
ternatively, the space between the outer tubes and the
inner tubes at one end of the coil may be brazed or oth-
erwise sealed shut. According to this embodiment, water
from leaks in the inner tubes falls out of the outer tubes
only in the return bend box at the end of the coil that is
opposite the end where the space between the inner and
outer tubes is sealed shut.

[0027] Figures 2A and 2B show schematics of a heat
exchange unit 34 including a heat exchange coil accord-
ing of the invention. Return bend boxes 30a and 30b are
situated outside of the primary housing of heat exchange
unit, and contain the return bends (not shown) at both
ends of the inner tubes (also not shown). Fins 22 are
shown, which as described above, are fixed to the outside
surfaces of the outer tubes of the heat exchange coil.
Header 12 includes fluid inlet/outlets 32. According to an
embodiment of the invention, drain pan 28 may be pro-
vided with a slope between the return bend boxes so that
water from leaks collected in one return bend box is made
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to travel to the other side of the coil where it can be de-
tected with a leak detector. Alternatively, according to an
embodiment of the invention where the spaces between
the inner tubes and outer tubes are closed, no sloped
drain pan between the return bend boxes is required, as
water from any leaks will fall only into the return bend
box at the end of the coil opposite the end where the
spaces between the inner and outer tubes are sealed
shut.

[0028] Figures 3-5 show different views of a transform-
er air cooling unit 36, including a heat exchanger accord-
ing to an embodiment of the invention. Transformer air
cooling unit 36, includes fan box 38, resting on top of
heat exchange unit 34. Fans inside fan box 38 pull air
from a transformer transfer unit (not shown) through lou-
vers 39 and direct air down through heat exchange unit
34. Air passes over the tubes (not visible in Figs 3-5) and
fins 22, to exit the bottom of the unit. Return bends and
the ends of outer safety tubes are contained in return
bend boxes 30a and 30b, outside of the air flow path,
and the air flow path is preferably contained within heat
exchange unit 34. Water enters one of fluid inlet/outlets
32 and exits through the other according to desired water
flow valving/settings. Leak detector 40 detects the pres-
ence of water in the bottom of return bend box 30a.
[0029] The arrangement shown in Figures 3-5 should
not be considered to limit the invention, and given the
presentdisclosure, persons of ordinary skill would readily
appreciate that the features of the invention described
herein may be used according to any number of heat
exchange applications and arrangements. The heat ex-
change coil of the invention can be used according to
any number of arrangements where air passing over the
coil must be protected from fluid contained in the coils,
provided that return bends and the ends of the outer
"safety" tubes are located outside of the air flow path.

Claims

1. A heat exchanger comprising a heat exchange coil
(10) comprising:

a plurality of double-walled tubes traversing an
intended air flow path,

a plurality of single-walled return bend tubes
connecting said double-walled tubes;

said return bend tubes (18a; 18b) located out-
side of said intended air flow path,

said double-walled tubes each comprise an in-
ner tube (16a) and an outer tube (20a);

said inner tubes are connected to said plurality
ofreturn bend tubes to define a fluid path through
said heat exchange coil; and

respective ends of said outer tubes are located
outside of said intended air flow path,

and the heat exchanger further comprising re-
turn bend boxes (30a, 30b) configured to
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house said return bend tubes and ends of said
outer tubes,

characterised in that said heat exchange coil
is configured to guide circulating water,

and the heat exchanger comprises a leak de-
tector (40) to detect the presence of water in at
least one of said return bend boxes (30a).

A heat exchange coil according to claim 1, further
comprising surface features (21) on inner surfaces
of said outer tubes to create contact points and voids
between said inner tubes (16a) and outer tubes
(20a).

A heat exchange coil according to claim 1, further
comprising:

fins (22) fixed to said outer tubes (20a) to increase
heat exchange capacity of said heat exchange coil.

A heat exchanger according to claim 1, wherein at
least one of said return bend boxes (30a) comprises
a drip pan (28).

A heat exchanger according to claim 4, further com-
prising a leak detector (40) to detect the presence
of water in said drip pan (28) which has leaked from
the tubes.

A heat exchange coil according to claim 1, wherein
said heat exchange coil (10) is a marine transformer
cooling coil.

A heat exchange coil according to claim 1, wherein
ends of said outer tubes (20a) at one end of said coil
(10) are sealed to outer surfaces of corresponding
inner tubes (16a) so that water from leaks in said
inner tubes escapes said outer tubes only at another
end of said coil.

A transformer cooling system, comprising:

an air moving system for moving air over a heat
exchange coil (10), and a leak detector,

the heat exchange coil being configured to guide
circulating water, and comprising:

aplurality of double-walled tubes traversing
an intended air flow path,

said double-walled tubes each comprise an
inner tube (16a) and an outer tube (20a),
the system being characterised in that

a plurality of single-walled return tubes
(18a; 18b) connect said double-walled
tubes;

said return bend tubes located outside of
said intended air flow path,

and the transformer cooling system further com-
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10.

1.

prises

return bend boxes (30a, 30b) configured to
house said return bend tubes (18a; 18b) and
ends of said outer tubes,

and the cooling system comprises the leak de-
tector (40) to detect the presence of water in at
least one of said return bend boxes (30a).

A transformer cooling system according to claim 8,
further comprising: fins (22) fixed to said outer tubes
(20a) to increase heat exchange capacity of said
heat exchange coil.

A transformer cooling system according to claim 8,
further comprising a drip pan (28) situated to collect
water dripping from one or more ends of said outer
tubes (20a).

A transformer cooling system according to claim 8,
wherein ends of said outer tubes (20a) at one end
of said coil (10) are sealed to outer surfaces of cor-
responding inner tubes (16a) so that water from
leaks in said inner tubes escapes said outer tubes
only at another end of said coil.

Patentanspriiche

1.

Warmetauscher, umfassend eine Warmetauscher-
schlange (10), umfassend:

eine Vielzahl von doppelwandigen Rohren, die
einen vorgesehenen Luftstromweg durchque-
ren,

eine Vielzahl einwandiger Verbindungskrim-
merrohre, die die doppelwandigen Rohre ver-
binden;

wobei sich die Verbindungskrimmerrohre (18a;
18b) aulerhalb des vorgesehenen Luftstrom-
weges befinden,

die doppelwandigen Rohre jeweils aus einem
Innenrohr (16a) und einem AufRenrohr (20a) be-
stehen;

die Innenrohre mit der Vielzahl von Verbin-
dungskrimmerrohren zum Definieren eines
Fluidweges durch die Warmetauscherschlange
verbunden sind; und jeweilige Enden der Au-
Renrohre sich aufllerhalb des vorgesehenen
Luftstromweges befinden,

und der Warmetauscher ferner Verbindungs-
krimmerkasten (30a, 30b) umfasst, die dafir
ausgelegt ist, die Verbindungskrimmerrohre
und die Enden der AuRenrohre aufzunehmen,
dadurch gekennzeichnet, dass die Warme-
tauscherschlange dafiir ausgelegt ist, zirkulie-
rendes Wasser zu fihren, und der Warmetau-
scher einen Leckdetektor (40) zum Erkennen
des Vorhandenseins von Wasser in mindestens
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einem der Verbindungskrimmerkasten (30a)
umfasst.

Warmetauscherschlange nach Anspruch 1, ferner
umfassend Oberflachenmerkmale (21) auf Innenfla-
chen der AuRenrohre zum Schaffen von Kontakt-
punkten und Hohlraumen zwischen den Innenrohren
(16a) und den Aulenrohren (20a).

Warmetauscherschlange nach Anspruch 1, ferner
umfassend:

Rippen (22), die an den Auf3enrohren (20a) be-
festigt sind, um die Warmeaustauschkapazitat
der Warmetauscherschlange zu erhéhen.

Warmetauscher nach Anspruch 1, wobei mindes-
tens einer der Verbindungskriimmerkasten (30a) ei-
ne Auffangwanne (28) umfasst.

Warmetauscher nach Anspruch 4, fernerumfassend
einen Leckdetektor (40) zum Erkennen des Vorhan-
denseins von Wasser in der Auffangwanne (28), das
aus den Rohren ausgetreten ist.

Warmetauscherschlange nach Anspruch 1, wobei
die Warmetauscherschlange (10) eine Kihlspule fiir
Schiffstransformatoren ist.

Warmetauscherschlange nach Anspruch 1, wobei
Enden der AulRenrohre (20a) an einem Ende der
Schlange (10) gegen AuRenflachen entsprechender
Innenrohre (16a) abgedichtet sind, so dass Wasser
aus Lecks in den Innenrohren nur an einem anderen
Ende der Schlange aus den AuRenrohren austritt.

Transformatorkihlsystem, umfassend:

ein Luftbewegungssystem zum Bewegen von
Luft Gber eine Warmetauscherschlange (10),
und einen Leckdetektor, wobei die Warmetau-
scherschlange daflir ausgelegt ist, zirkulieren-
des Wasser zu fiihren, und umfassend:

eine Vielzahl von doppelwandigen Rohren,
die einen vorgesehenen Luftstromungsweg
durchqueren, wobei die doppelwandigen
Rohre jeweils ein Innenrohr (16a) und ein
AuBenrohr (20a) umfassen, wobei das Sys-
tem dadurch gekennzeichnet ist, dass:

eine Vielzahl von einwandigen Verbin-
dungskrimmerrohren (18a; 18b) die
doppelwandigen Rohre verbindet;

die Verbindungskrimmerrohre auller-
halb des beabsichtigten Luftstromwe-
ges angeordnet sind, und das Trans-
formatorkihlsystem ferner Verbin-
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10.

1.

dungskrimmerkasten (30a, 30b) um-
fasst, die dafiir ausgelegt ist, die Ver-
bindungskrimmerrohre (18a; 18b) und
die Enden der AuBRenrohre aufzuneh-
men, und das Kihlsystem den Leckde-
tektor (40) zum Erkennen des Vorhan-
denseins von Wasser in mindestens ei-
nem der Verbindungskrimmerkasten
(30a) umfasst.

Transformatorkiihlsystem nach Anspruch 8, ferner
umfassend:

Rippen (22), die an den Aul3enrohren (20a) zu
dem Zweck befestigt sind, die Warmeaus-
tauschkapazitdt der Warmetauscherschlange
zu erhéhen.

Transformatorkiihlsystem nach Anspruch 8, ferner
umfassend eine Auffangwanne (28), die dazu ange-
ordnet ist, von einem oder mehreren Enden der Au-
Renrohre (20a) tropfendes Wasser aufzufangen.

Transformatorkiihlsystem nach Anspruch 8, wobei
Enden der AufRenrohre (20a) an einem Ende der
Schlange (10) gegen AuRRenflachen entsprechender
Innenrohre (16a) abgedichtet sind, so dass Wasser
aus Lecks in den Innenrohren nur an einem anderen
Ende der Schlange aus den AuRRenrohren austritt.

Revendications

1.

Echangeur thermique comprenant un serpentin
d’échange thermique (10) comprenant :

une pluralité de tubes a double paroi traversant
un trajet d’écoulement d’air recherché, une plu-
ralité de tubes a courbes de retour a simple paroi
raccordant lesdits tubes a double paroi ;
lesdits tubes a courbes de retour (18a ; 18b) pla-
cés a I'extérieur dudit trajet d’écoulement d’air
recherché,

lesdits tubes a double paroi comprennent cha-
cun un tube interne (16a) et un tube externe
(20a) ;

lesdits tubes internes sont raccordés a ladite
pluralité de tubes a courbes de retour pour dé-
finir un trajet de fluide a travers ledit serpentin
d’échange thermique ; et

des extrémités respectives desdits tubes exter-
nes sont placées al'extérieur dudit trajet d’écou-
lement d’air recherché, et 'échangeur thermi-
que comprenant en outre des boites a courbes
de retour (30a, 30b) configurées pour accueillir
lesdits tubes a courbes de retour et

les extrémités desdits tubes externes, caracté-
risé en ce que ledit serpentin d’échange ther-
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mique est configuré pour guider de I'eau en cir-
culation, et

I'échangeur thermique comprend un détecteur
de fuite (40) pour détecter la présence d’eau
dans au moins l'une desdites boites a courbes
de retour (30a).

Serpentin d’échange thermique selon la revendica-
tion 1, comprenant en outre des caractéristiques de
surface (21) sur des surfaces internes desdits tubes
externes pour créer des points de contact et des vi-
des entre lesdits tubes internes (16a) et tubes exter-
nes (20a).

Serpentin d’échange thermique selon la revendica-
tion 1, comprenant en outre :

des ailettes (22) fixées auxdits tubes externes
(20a) pour augmenter la capacité d’échange
thermique dudit serpentin d’échange thermique.

Echangeurthermique selon la revendication 1, dans
lequel au moins I'une desdites boites a courbes de
retour (30a) comprend un bac d’égouttement (28).

Echangeurthermique selon la revendication 4, com-
prenant en outre un détecteur de fuite (40) pour dé-
tecter la présence d’eau dans ledit bac d’égoutte-
ment (28) qui a fui des tubes.

Serpentin d’échange thermique selon la revendica-
tion 1, ledit serpentin d’échange thermique (10) étant
un serpentin de refroidissement de transformateur
marin.

Serpentin d’échange thermique selon la revendica-
tion 1, dans lequel les extrémités desdits tubes ex-
ternes (20a) au niveau d’une extrémité dudit serpen-
tin (10) sont scellées sur des surfaces externes de
tubes internes correspondants (16a) de sorte que
I'eau provenant de fuites dans lesdits tubes internes
s’échappe desdits tubes externes uniquement au ni-
veau d’'une autre extrémité dudit serpentin.

Systeme de refroidissement de transformateur,
comprenant :

un systeme de déplacement d’air pour déplacer
de l'air sur un serpentin d’échange thermique
(10), et un détecteur de fuite, le serpentin
d’échange thermique étant configuré pour gui-
der de I'eau en circulation, et comprenant :

une pluralité de tubes a double paroi traver-
sant un trajet d’écoulement d’air recherché,
lesdits tubes a double paroi comprenant
chacun un tube interne (16a) et un tube ex-
terne (20a), le systéme étant caractérisé

10

15

20

25

30

35

40

45

50

55

10.

1.

en ce qu’une pluralité de tubes de retour a
simple paroi (18a ; 18b) raccordent lesdits
tubes a double paroi ; lesdits tubes a cour-
bes de retour étant placés a I'extérieur dudit
trajet d’écoulement d’air recherché, et le
systeme de refroidissement de transforma-
teur comprend en outre des boites a cour-
bes de retour (30a, 30b) configurées pour
accueillir lesdits tubes a courbes de retour
(18a; 18b) et les extrémités desdits tubes
externes, et le systeme de refroidissement
comprend le détecteur de fuite (40) pour dé-
tecter la présence d’eau dans au moins
'une desdites boites a courbes de retour
(30a).

Systeme de refroidissement de transformateur selon
la revendication 8, comprenant en outre :

des ailettes (22) fixées auxdits tubes externes
(20a) pour augmenter la capacité d’échange
thermique dudit serpentin d’échange thermique.

Systeme de refroidissement de transformateur selon
la revendication 8, comprenant en outre un bac
d’égouttement (28) situé pour collecter'eau s’égout-
tant d’'une ou de plusieurs extrémités desdits tubes
externes (20a).

Systeme de refroidissement de transformateur selon
larevendication 8, danslequel les extrémités desdits
tubes externes (20a) au niveau d’'une extrémité dudit
serpentin (10) sont scellées sur des surfaces exter-
nes de tubes internes correspondants (16a) de sorte
que I'eau provenant de fuites dans lesdits tubes in-
ternes s’échappe desdits tubes externes unique-
ment au niveau d’'une autre extrémité dudit serpen-
tin.
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FIG. 2B
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