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(567)  Acircuitbreaker with metallicenclosure (1) com-
prises achamber (3). The chamber comprises a firstcom-
partment (31) and a second compartment (32) enclosing
an interior volume. The first and second compartments
are electrically insulated from each other. A switching
actuator (34) is displaceably provided inside at least one
of the compartments (31, 32) and configured and adapt-
ed to selectively provide electric connection between the
compartments. A sealed tank (2) encloses the chamber
and is electrically insulated from the chamber, whereby
an exterior volume (211) is provided between a wall of
the tank and the chamber. The tank and the compart-
ments contain a dielectric gas, and the interior (311, 321)
of each compartment of the chamber is fluidly connected
to the exterior volume (211) by a flow path having an
overall flow cross section. The flow path between the
interior volume of each of the compartments and the ex-
terior volume is subdivided into a multitude of ducts, each
duct having a partial flow cross section, a hydraulic di-
ameter and a length, wherein the length of each duct is
at least twice the hydraulic diameter of the duct.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a circuitbreak-
er with metallic enclosure as set forth in the claims. It
further relates to a method of manufacturing a circuit
breaker with metallic enclosure.

BACKGROUND OF THE DISCLOSURE

[0002] Circuit breakers with metallic enclosures gen-
erally comprise a chamber connected to the phase and
a tank or enclosure enclosing the chamber. Commonly,
the tank is electrically connected to the ground and pro-
vides a hermetically closed vessel to contain the insulat-
ing gas. The chamber is subdivided into two compart-
ments which are electrically insulated from each other.
Each compartmentis connected to a powerline. A switch-
ing actuator is provided to selectively make electric con-
tact between the compartments or to open the contact
so as to selectively close and open a circuit between the
two power lines. The tank is filled with a dielectric gas to
cool and quench an arc occurring when switching the
circuit. Moreover, unwanted discharge over gaps be-
tween components shall be avoided. A gas commonly
used in current circuit breaker with metallic enclosures
is sulphur hexafluoride, due to the high dielectric with-
stand. On the other hand, leaking sulphur hexafluoride
yields undesirable environmental impacts.

[0003] When the switching actuator opens or closes
the circuit, a temporary arc occurs inside the chamber.
This arc heats the gas inside the chamber. In embodi-
ments of circuit breaker with metallic enclosures a flow
path is provided between the interior of the chamber and
an exterior volume between a wall of the tank and the
chamber. It has been observed, however, that the hot
gases exiting the chamber essentially displace the colder
gas in the exterior volume. Mixing between the hot and
the colder gases is very poor. Plumes and strains of hot
gases thus become present in the space between the
chamber and the tank. Those yield a lower dielectric with-
stand than the colder gas, which increases the propensity
for spark-over between the chamber and the tank. More-
over, the hot gas strains or plumes may become present
in the space between the chamber and the tank at the
time when the peak transient recovery voltage appears
after switching. Accordingly, the distance between the
tank and the chamber must be sufficiently large to avoid
spark-over to the tank even when adverse effects accu-
mulate.

[0004] If it is desired to replace sulphur hexafluoride
with other gases which inhibitless environmental hazard,
the issue gets even more accentuated. Carbon dioxide,
for an instance, already yields a lower dielectric momen-
tum. On top, it has a lower molecular weight and lower
heat capacity. Thus, the temperature increase due to the
energy intake from the switching arc is increased, result-

10

15

20

25

30

35

40

45

50

55

ing in an even more fierce discharge of heated gas into
the space between the chamber and the tank. As a resullt,
the already lower dielectric withstand, when compared
to sulphur hexafluoride, is even further reduced, and the
chance of hot gas being present at critical locations upon
the occurrence of the peak transient recovery voltage is
increased. Consequently, under the circumstances out-
lined, safety against spark-over between the chamber
and the tank requires an increase in size. This in turn
adds cost, weight, and increases the space requirement.

OUTLINE OF THE SUBJECT MATTER OF THE
PRESENT DISCLOSURE

[0005] The present disclosure is related to a circuit
breaker with metallic enclosure of the type initially men-
tioned. In an aspect, the safety and/or the margin against
spark-over between the chamber and the tank shall be
increased. In aspects, it shall be possible to replace sul-
phurhexafluoride as the dielectric gas by an environmen-
tally less hazardous gas, without increasing the physical
dimensions of the circuit breaker, or, in other aspects, to
limit the increase in physical dimensions due to the gas
replacement. Said replacement gas may comprise, while
not being limited to, carbon dioxide; wherein the carbon
dioxide may or may not be combined with dioxide, i.e.
molecular O,, and/or nitrogen, and/or an organofluorine
compound selected from the group of a fluoronitrile, a
fluoroketone, a fluoroolefine, a fluoroether, an oxirane, a
fluoroamine and mixtures and/or by-products of said gas-
es, and further including mixtures of said organofluorine
compound with carbon dioxide, ; wherein the carbon di-
oxide further may or may not be combined with dioxide,
i.e. molecular O,, and/or nitrogen. In another aspect, a
circuit breaker with metallic enclosure shall be provided
which can be built, independently from the dielectric gas
used, as small as possible while providing a sufficient
margin against spark-over between the chamber and the
tank at a given rated voltage.

[0006] Thisisachieved by the subject matter described
in claim 1.

[0007] Accordingly, disclosed is a circuit breaker with
metallic enclosure comprising a chamber. The circuit
breaker may in instances be one of dead tank switchgear
and a gas insulated switchgear. The chamber comprises
a first compartment and a second compartment each
having an interior volume, wherein the first and second
compartments are electrically insulated from each other.
A switching actuator is displaceably provided inside at
least one of the compartments and configured and adapt-
ed to selectively provide electric connection between the
compartments. A sealed tank, which constitutes the en-
closure enclosing the circuit breaker, encloses the cham-
ber. The tank is electrically insulated from the chamber,
whereby an exterior volume is provided between a wall
of the tank and the chamber. Each of the compartments
is connected to a line connector penetrating the tank.
The penetration opening of each line connector through



3 EP 3 726 554 A1 4

the tank is sealed. The line connectors are electrically
insulated from the tank. The tank and the compartments
contain a dielectric gas. The interior of each compartment
of the chamber is fluidly connected to the exterior volume
by a flow path having an overall flow cross section. The
flow path between the interior volume of each of the com-
partments and the exterior volume is subdivided into a
multitude of ducts, each duct having a partial flow cross
section, a hydraulic diameter and a length, wherein the
length of each ductis atleast twice the hydraulic diameter
of the duct. In exemplary embodiments, the length of
each duct is at least five times the hydraulic diameter of
the duct. In even more specific exemplary embodiments
the length of each duct is at least ten times the hydraulic
diameter of the duct. In certain embodiments the length
of each duct may be one of the aforementioned minimum
values or more and 100 or less times the hydraulic diam-
eter of the duct.

[0008] Subdividing the ducts into a multitude of smaller
ducts having arelatively long length compared to the flow
cross section yields various advantages. On the one
hand, a gas blow of heated gas exiting the chamber re-
sulting from an arc inside the chamber has a large contact
surface with solid material while escaping from the com-
partment into the exterior volume, which in turn results
in a reduction of the temperature of the escaping gas.
The comparatively large gas path length results of adelay
of the heated gas exiting into the exterior volume. The
heated gas may thus be discharged into the exterior vol-
ume only well after the appearance of the peak transient
recovery voltage, thatis, after the appearance of the peak
voltage between the terminals after current interruption.
This yields in a lower risk of spark-over between the ter-
minals and spark-over to the tank between the chamber
and the tank. An improved mixing between the hot gas
emanating from the interior of the chamber and the colder
gas in the exterior volume may be achieved, which in
turn would yield an improved dielectric withstand of the
gas in the exterior volume, again yielding a reduced pro-
pensity for spark-over to the tank. Moreover, the reduced
gas velocity at the exit into the exterior volume results in
reducing the appearance of streaks of unmixed hat gas
in the exterior volume, which additionally supports reduc-
ing the propensity for spark-over to the tank.

[0009] The synthesis of these benefits allows to use
dielectric gases having a lower molecular weight, dielec-
tric withstand and thermal capacity than the quite com-
monly and widely used sulphur hexafluoride, without the
need to increase for instance the distance between the
chamber and the tank. Such dimensional increase is
highly undesirable as it negatively impacts space require-
ments, weightand cost. Forinstance, carbon dioxide may
be used to replace sulphur hexafluoride as the dielectric
gas inside the tank, despite the fact is has been shown
to increase the transient recovery voltage and, by virtue
of the lower molecular weight and heat capacity, experi-
ences alarger temperature increase by the switching arc.
On the upside, however, the potential environmental im-
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pact of carbon dioxide or the above mentioned organoflu-
orine compounds, also in mixture with carbon dioxide, is
significantly lower than that of sulphur hexafluoride.
[0010] It might also be possible, alternatively or in ad-
dition to expanding the choice of suitable dielectric gases,
to reduce the overall dimensions of the circuit breakers,
resulting in benefits as to the space requirements, weight
and cost.

[0011] Further effects and advantages of the disclosed
subject matter, whether explicitly mentioned or not, will
become apparent in view of the disclosure provided be-
low.

[0012] It is noted that within the framework of the
present disclosure the use of the indefinite article "a" or
"an" does in no way stipulate a singularity nor does it
exclude the presence of a multitude of the named mem-
ber or feature. It is thus to be read in the sense of "at
least one" or "one or a multitude of".

[0013] It may be provided that the chamber comprises
two compartments which are coaxially arranged adjacent
each other. Each compartment may, under these circum-
stances, have a free axial end on which the ducts for
providing fluid communication between the interior vol-
ume of the respective compartment and the exterior vol-
ume is provided. The switching actuator may be a rod
with a longitudinal axis extending parallel to the axes of
the compartments. The rod may be arranged coaxially
with the compartments. The rod may be contained inside
at least one of the compartments and may be axially dis-
placeable along a longitudinal axis of the rod or the axes
of the compartments, respectively.

[0014] In more specific embodiments of the herein dis-
closed circuit breaker with metallic enclosure atleast one
duct extends from an inlet adjacent the interior volume
of a compartment to an outlet adjacent the exterior vol-
ume, wherein further a lateral fluid connection between
the duct and the exterior volume is provided and joins
the duct between the inlet and the outlet. While hot gases
flow through the duct from inside the chamber, or com-
partment, respectively, colder gas from the exterior vol-
ume may thus be entrained through the lateral fluid con-
nection. This embodiment fosters a mixing of the hot gas
flowing from inside the chamber, or compartment, re-
spectively, with colder gas from the exterior volume, re-
sulting in a temperature reduction of the gases dis-
charged through the duct and into the exterior volume.
Thus, any strains or bubbles of discharged gas eventually
forming in the exterior volume will be less prone to cause
spark-over to the tank as the detrimental effect on the
dielectric withstand is reduced. This may be achieved in
that, in embodiments, at least one duct comprises a lat-
eral opening in the duct wall.

[0015] In embodiments, the fluid communication be-
tween the interior volume of a compartment and the ex-
terior volume may be provided by a bundle of tube-
shaped ducts.

[0016] In aspects, at least one duct may be at least
one of curved and/or spiraled. In such embodiments, the
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length of a duct may be significantly enlarged when com-
pared to an overall dimension of the duct, i.e. a linear
distance between the inlet and the outlet of a duct. The
contact surface between the gases flowing through a duct
and the walls of the duct is consequently enlarged, in-
creasing the heat exchange between the gases and the
walls. Also, a curved and/or spiraling flow path may per
se yield a more intense heat exchange with the walls
compared to a straight flow path. Consequently, provid-
ing a curved and/or spiraled duct supports reducing the
temperature of the gas discharged into the exterior vol-
ume. As a further effect, the increase of the overall flow
path lengthresultsin a delay of the discharge of the gases
caused by the switching arc. Accordingly, the hot gases
with the unwanted reduction of dielectric withstand may
reach critical locations only well after the appearance of
the peak transient recovery voltage.

[0017] In non-limiting exemplary embodiments of the
herein described circuit breaker with metallic enclosure
at least one duct is nozzle-shaped with the partial flow
cross section tapering from an upstream end to a down-
stream end in a direction from the interior of the compart-
ment to the exterior volume. In more particular embodi-
ments a downstream end of a first nozzle may be ar-
ranged to discharge into an upstream end of a down-
stream duct, wherein further more in particular the up-
stream end of the downstream duct may be in fluid com-
munication with the exterior volume. The downstream
duct may be provided as a second nozzle, which in par-
ticular tapers form the upstream end to a downstream
end. These embodiments yield an ejector type arrange-
ment, wherein the high momentum fluid discharged from
the first nozzle served to entrain fluid from the exterior
volume, which is mixed with the fluid discharged from the
first nozzle in the downstream duct. Thus, hot gas from
inside the chamber flowing through the first nozzle is ef-
fectively cooled through mixing with colder gas before
being discharged into the exterior volume. Two or more
of the aforementioned ejector arrangements may be ar-
ranged serially.

[0018] The ducts may in particular embodiments be
manufactured by additive manufacturing methods. This
allows for more complex geometries and stronger con-
voluted ducts than machining the ducts, while cost is sig-
nificantly reduced when compared to assembling the
ducts from individual members.

[0019] In further aspects of the present disclosure, the
chamber may comprise two axial ends, wherein at least
one axial end is provided with an end cap and further the
ducts are provided in the end cap. More in particular, the
chamber may be axially divided into the two compart-
ments, such that each axial end of the chamber is an
axial end of one of the compartments. As such, it may
be provided that each compartment comprises a central
end adjacent the other compartmentand a free end which
atthe same time constitutes an axial end of the chamber.
Said free end may consequently, in embodiments, be
provided with the end cap as mentioned above. Itis un-
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derstood that the end cap may be a separate member
from the chamber and may be affixed to an axial end of
the chamber. The ducts may be provided by fixtures in-
side the end cap.

[0020] In further embodiments a circumferential wall
of the end cap is provided with openings so as to provide
a fluid communication between the exterior volume and
at least one of the ducts.

[0021] The end caps, and in particular the fixtures in-
side the end cap which define the ducts may be additively
manufactured members, yielding essentially the benefits
as outlined above in connection with additively manufac-
tured ducts.

[0022] In particular embodiments of the herein dis-
closed subject matter the tank is grounded, that is elec-
trically connected to the ground.

[0023] The dielectric gas contained inside the tank and
the chamber may be carbon dioxide, wherein the carbon
dioxide further may or may not be combined with dioxide,
i.e. molecular O,, and/or nitrogen, and/or an organoflu-
orine compound selected from the group of a fluoronitrile,
a fluoroketone, a fluoroolefine, a fluoroether, an oxirane,
a fluoroamine and mixtures and/or by-products of said
gases, and further including mixtures of said organoflu-
orine compound with carbon dioxide wherein the carbon
dioxide further may or may not be combined with dioxide,
i.e. molecular O,, and/or nitrogen.

[0024] Further disclosed is a method of manufacturing
a circuit breaker with metallic enclosure of the kind dis-
closed above. The method comprises providing a cham-
ber. The chamber is divided into two compartments elec-
trically insulated from each other. A displaceable switch-
ing actuator is provided inside at least one of the com-
partments. The switching actuator is configured and
adapted to selectively make electric contact between the
first and second compartments. The method comprises
providing a tank enclosing the chamber and providing a
fluid communication between an interior volume of the
chamber and an exterior volume defined between a wall
of the tank and the chamber. Further, the tank is filled
with a dielectric gas. Providing the fluid communication
between the interior volume of the chamber and the ex-
terior volume defined between a wall of the tank com-
prises providing a multitude of ducts. Providing the mul-
titude of ducts comprises manufacturing the multitude of
ducts by an additive manufacturing method. It is further
understood that providing the ducts may comprise pro-
viding atleast one end cap comprising the ducts, wherein
providing the end cap comprises manufacturing the end
cap by an additive manufacturing method. Providing the
end cap may in particular comprise attaching the end cap
to an axial end of the chamber. More in particular, an end
cap may be attached to each axial end of the chamber.
[0025] In still further aspects a method of operating a
circuit breaker with metallic enclosure is disclosed. The
circuitbreaker comprises a chamber enclosing aninterior
volume and comprising afirst compartmentand a second
compartment. The first and second compartments en-
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close the interior volume. The first and second compart-
ments are electrically insulated from each other. A
switching actuator is provided inside at least one of the
compartments and configured and adapted to selectively
provide electric connection between the compartments.
A sealed tank encloses the chamber and is electrically
insulated from the chamber, whereby an exterior volume
is provided between a wall of the tank and the chamber.
Each of the compartments is connected to a line connec-
tor penetrating the tank, wherein the penetration opening
of each line connector through the tank is sealed and the
line connectors are electrically insulated from the tank.
The tank and the compartments contain a dielectric gas
and the interior volume of each compartment of the cham-
ber is fluidly connected to the exterior volume. The meth-
od comprises one of establishing and interrupting electric
contact between the first and second compartments,
thereby inducing an arc, whereby the arc heats the gas
inside the interior volume and discharging the thus heat-
ed gas into the exterior volume.

[0026] Inafirstembodimentof said method the method
comprises diffusing the stream of heated gas discharged
from the interior volume to the exterior volume prior to
releasing the heated gas into the exterior volume. Diffus-
ing, in this respect, shall be understood as splitting the
entire stream of heated gas to be discharged up into a
multitude of partial streams which, upon entry into the
exterior volume, get better dissipated and admixed in the
relatively cooler gas in the exterior volume, thus avoiding
the formation of plumes or strains of the heated gas in
the exterior volume, that is, between the compartments
and the tank. The multitude of partial streams may count
at least 10, at least 15, at least 25 or at least 40. The
multitude of partial streams may count one of the afore-
mentioned minimum values or more and 1000 or less.
[0027] In a second embodiment of said method the
method comprises admixing the heated gas which is dis-
charged with gas from the exterior volume prior to releas-
ing the heated gas into the exterior volume. Thus, the
temperature of the gas, upon being released into the ex-
terior volume, is significantly reduced when compared to
the temperature of the heated gas inside the interior vol-
ume.

[0028] In athird embodiment of said method the meth-
od comprises directing the heated gas which is dis-
charged through a multitude of ducts and cooling the
heated gas which is discharged while flowing through the
multitude of ducts in exchanging heat with the duct walls.
In particular the length of each duct may be at least twice
the hydraulic diameter of the duct In more particular em-
bodiments, the length of each duct may be at least five
times the hydraulic diameter of the duct. In even more
specific exemplary embodiments the length of each duct
may be at least ten times the hydraulic diameter of the
duct. In certain embodiments the length of each duct may
be one of the aforementioned minimum values or more
and 100 or less times the hydraulic diameter of the duct.
The multitude of ducts may count at least 10, at least 15,
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at least 25 or at least 40. The multitude of ducts may
count one of the aforementioned minimum values or
more and 1000 or less.

[0029] In a method of operating a circuit breaker with
metallic enclosure as set forth above the method steps
of the above-described first through third embodiments
may be combined with each other. The circuit breaker
may, while not limited to, be an embodiment of a circuit
breaker as herein described.

[0030] It is understood that the features and embodi-
ments disclosed above may be combined with each oth-
er. It will further be appreciated that further embodiments
are conceivable within the scope of the present disclo-
sure and the claimed subject matter which are obvious
and apparent to the skilled person.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The subject matter of the present disclosure is
now to be explained in more detail by means of selected
exemplary embodiments shown in the accompanying
drawings. The figures show

Fig. 1 an exemplary embodiment of a circuit breaker
with metallic enclosure;

a first exemplary embodiment of providing fluid
communication between the interior volume of
a compartment and the exterior volume en-
closed between the chamber and the wall of the
tank;

a second exemplary embodiment of providing
fluid communication between the interior vol-
ume of a compartment and the exterior volume
enclosed between the chamber and the wall of
the tank;

a further exemplary embodiment of providing
fluid communication between the interior vol-
ume of a compartment and the exterior volume
enclosed between the chamber and the wall of
the tank; and

still a further exemplary embodiment of provid-
ing fluid communication between the interior
volume of a compartment and the exterior vol-
ume enclosed between the chamber and the
wall of the tank;

Fig. 2

Fig. 3

Fig. 4

Fig. 5

[0032] It is understood that the drawings are highly
schematic, and details not required for appreciating the
disclosed subject matter may have been omitted for the
ease of understanding and depiction. It is further under-
stood that the drawings show only selected, illustrative
embodiments, and embodiments not shown may still be
well within the scope of the herein disclosed and/or
claimed subject matter.
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EXEMPLARY MODES OF CARRYING OUT THE
TEACHING OF THE PRESENT DISCLOSURE

[0033] Figure 1 shows an exemplary embodiment of a
circuit breaker with metallic enclosure 1 according to the
present disclosure. Circuit breaker 1 comprises a tank 2
and a chamber 3 enclosed by the tank. The tank com-
monly is grounded. Chamber 3 is supported inside tank
2 byinsulating supports 21 and surrounded by an exterior
volume 211. Chamber 3 comprises a first compartment
31 and a second compartment 32 which are disposed
along a common axis. Each compartment is connected
to a line connector 312, 322. The line connectors extent
through the wall of the tank 2, whereas the openings
through which the line connectors extent are sealed so
as to maintain a gas inside tank 2. The line connectors
are insulated from the tank. Each compartment 31, 32
encloses an interior volume 311, 321, commonly forming
an interior volume of the chamber. As will be outlined
below in more detail, the interior volume 311, 321 is fluidly
connected to the exterior volume 211. An insulator mem-
ber 33 is provided axially between compartments 31 and
32 so asto electrically insulate compartments 31, 32 from
each other. An axial passageway is centrally provided
through insulator member 33. Inside one of the compart-
ments a switching actuator 34 is provided. Switching ac-
tuator 34 is a rod which is axially displaceable. Switching
actuator 34 and the central passageway of insulator
member 33 are adapted to each other so as to allow
switching actuator 34 to advance through the central pas-
sageway. Thus, switching actuator 34 is enabled to se-
lectively close and open and electric contact between the
compartments. An actuation mechanism 35 is provided
to effect displacement of switching actuator 34. End caps
4 are provided on the axial ends of chamber 3. In each
end cap 4 a multitude of ducts are provided which estab-
lish fluid communication between the interior volume 311,
321 of the compartments and the exterior volume 211.
As noted, compartments 31, 32 are connected to line
voltage, while tank 2 is grounded. It is important that
spark-over between the tank and the compartments is
avoided. To this extent the tank is filled with a dielectric
gas, and the distance between the walls of the tank and
the compartments is chosen sufficiently large that, in fur-
ther consideration of the dielectric properties of the gas,
spark-over is avoided in minimum at a rated voltage. The
gas contained within the interior volume 311, 321 of the
compartments in addition has a further function. When
the switching actuator opens or closes the electric con-
tact between the compartments, a switching arc appears
between switching actuator 34 and the second compart-
ment 32. The gas is intended to cool and quench the
switching arc. Due to energy intake from the switching
arc the gas inside the compartments heats up and ex-
pands. In the gas is displaced through the ducts in the
end caps and into the exterior volume. Through the tem-
perature increase the dielectric withstand of the gas is
reduced. Thus, in the presence of heated gas spark-over
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may occur under conditions under which it would not in
the presence of gas of a lower temperature. Moreover,
upon switching a transient increase of voltage is ob-
served, the so-called transient recovery voltage, which
further increases the risk of spark-over between the
chamber and the tank, in particular if strains of heated
gas become present in the exterior volume 211 between
the chamber and the wall of the tank. This requires to
provide a considerable margin against spark-over, which
means, for a given rated voltage and specific dielectric
properties of the gas inside the tank, that the distance
between the chamber and the wall of the tank must be
oversized. Said problem may further be the more accen-
tuated the lower the molecular weight and heat capacity
of the dielectric gasis. Forinstance, carbon dioxide yields
a significantly lower molecular weight and heat capacity
than sulphur hexafluoride. That means, upon a certain
energy intake from the switching arc. temperature in-
crease of the gas is higher, and moreover the velocity at
which the heated gas is discharged from the interior vol-
ume 311, 321 into the exterior volume 211 is increased.
This, on the one hand, increases the likelihood of strains
or plumes of heated gas being present in the exterior
volume, and further the likelihood of strains or plumes of
heated gas being present in the exterior volume at the
time of the appearance of the peak transient recovery
voltage. Adding margin against spark-over in increasing
the distance between the wall of the tank and interior
components being connected to line voltage increases
the space requirement of the circuit breaker, adds weight,
and adds cost. Thus, according to the present disclosure,
the fluid communication between the interior volume 311,
321 and the exterior volume 211 is provided by a multi-
tude of ducts having a length which exceeds the hydraulic
diameter. Thus, the discharge of heated gas from the
interior volume to the exterior volume may be delayed
so that hot gas may reach critical locations only well after
the occurrence of the peak transient recovery voltage.
Further, due to providing an increased surface between
the flow of heated gas and the material of the duct walls,
significant amounts of heat are transferred from the gas
to the solid material. Hence, the heated gas is significant-
ly cooled down upon being discharged through the ducts,
and the degradation of dielectric withstand is significantly
reduced. In another aspect, it may be achieved that the
heated gas, upon exiting the compartments, is admixed
with gas from the exterior volume, and the propensity of
strains or plumes of hot gas occurring is reduced. It may
further be beneficial if the flow of gas discharged into the
exterior volume is directed away from the circumferential
space between the circumferential surface of the cham-
ber, or the compartments, respectively, and the wall of
the tank. The propensity for spark-over to the tank is thus
largely reduced for a given combination of circuit breaker
size, line voltage and dielectric gas. For a given combi-
nation of rated voltage and dielectric gas, the size of the
circuitbreaker can be reduced while maintaining the mar-
gin against spark-over to the tank. This reduces space
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requirement, weight and cost.

[0034] Non-limiting exemplary embodiments of the
ducts for discharging the heated gas from inside the com-
partments to the exterior volume are disclosed in figures
2 - 5. Figure 2 shows a compartment 31 of a circuit break-
er with an end cap 4. End cap 4 includes a multitude of
blades 41. The blades 41 subdivide the total flow cross-
section provided inside end cap 4 into a multitude of ducts
between blades 41. The blades are shaped so as to im-
pose a swirling movement on the gases discharged from
the interior 311 of compartment 31. The gases are dis-
charged on a front face and a circumferential surface of
end cap 4. The axial velocity component of the gases
exiting into the exterior volume 211 is directed away from
the compartment. The blades 41 provided in the end cap
provided a large heat exchange surface with the gas flow-
ing through the ducts, which serves to reduce the tem-
perature of the heated gas being discharged from the
interior volume 311 to the exterior volume 211. Moreover,
due to the non-linear, curved flow path inside end cap 4
the delay time from the occurrence of the switching arc
until the heated gas actually enters the exterior volume
211 is comparatively large. Accordingly, the actual dis-
charge of the heated gas into the exterior volume may
be delayed until well after the time of occurrence of the
peak transient recovery voltage. In addition, the swirl im-
posed on the discharged heated gas may cause a mixing
with non-heated gas from the exterior volume and may
thus serve to avoid or at least reduce the occurrence of
strains or plumes of heated gas in the exterior volume.
[0035] In a further embodiment shown in figure 3 the
ducts inside the end cap 4 are provided by chicane-
shaped fixtures 42. The flow inside these ducts includes
return flows which intensify heat transfer from the gas to
the fixtures. Moreover, low-pressure dead wakes may
serve to ingest non-heated gas from the exterior volume
through openings in the circumferential surface of the
end cap, which intensely mixes with the heated gas. The
temperature of the heated gas may thus be largely re-
duced before being discharged into the exterior volume
211. As with the embodiment of figure 2, the delay time
from the occurrence of the switching arc until the heated
gas actually enters the exterior volume 211 is compara-
tively large. Accordingly, the actual discharge of the heat-
ed gas into the exterior volume may be delayed until well
afterthe time of occurrence ofthe peak transient recovery
voltage. The gas discharged from the interior volume 311
is discharged into the exterior volume in a direction away
from the chamber, or the compartments, respectively.
[0036] According to an embodiment outlined in figure
4, the end cap comprises a multitude of tube-shaped
ducts 43 arranged in a bundle adjacent to each other.
The tube-shaped ducts may in particular embodiments
exhibit honeycomb shaped cross sections. The tube-
shaped ducts have lateral openings which fluidly inter-
connect the ducts with each other and with the exterior
volume 211. The gas flowing through the ducts may thus
ingest non-heated gas from the exterior volume, thus re-
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ducing the temperature of the gas discharged into the
exterior volume at a downstream end of the ducts. Also
in this embodiment, the large surface/volume ratio of the
ducts results in an intense heat exchange between the
gas and the walls of the ducts, which serves to reduce
the temperature of the gas flowing through the ducts.
Depending on the length of the ducts the actual discharge
ofthe heated gas into the exterior volume may be delayed
until well after the occurrence of the peak transient re-
covery voltage. The gas discharged from the interior vol-
ume is discharged into the exterior volume in a direction
away from the chamber, or the compartments, respec-
tively.

[0037] In an exemplary embodiment shown in figure 5
the ducts through which the heated gas is discharged
from the interior volume 311 to the exterior volume 211
is provided by nozzles 44 tapering from an upstream end
to a downstream end in a direction from the interior of
the compartment to the exterior volume. The ducts com-
prise lateral openings in that downstream of each nozzle
an ingestion flow path is provided in fluid communication
with the exterior volume 211 on a circumferential surface
of the end cap 4. Hence, the fluid discharged from a noz-
Zle 44 provides a motive force to ingest non-heated gas
from the exterior volume 211 into the ducts, thus mixing
the heated gas from the interior volume 311 with non-
heated gas from exterior volume 211. The nozzles thus
work as ejectors. The temperature of the discharged gas
is thus reduced. As can be seen, nozzles are arranged
to discharge into an upstream end of a downstream duct,
whereas the upstream end of the downstream duct is in
fluid communication with the exterior volume. In embod-
iments, a downstream duct may also be nozzle-shaped,
thus providing for a serial ejector arrangement. The tem-
perature of the gas discharged from the interior volume
311 is accordingly reduced by heat exchange with the
walls of the nozzles and further through ingestion of and
mixing with non-heated gas from the exterior volume 211.
The overall length of the flow path provided may, as out-
lined above, again result in a delayed discharge of gas
from the interior volume into the exterior volume, wherein
the actual discharge of the heated gas into the exterior
volume may be delayed until well after the occurrence of
the peak transient recovery voltage. The gas discharged
from the interior volume 311 is discharged into the exte-
rior volume in a direction away from the chamber, or the
compartments, respectively.

[0038] While the subject matter of the disclosure has
been explained by means of exemplary embodiments, it
is understood that these are in no way intended to limit
the scope of the claimed invention. It will be appreciated
that the claims cover embodiments not explicitly shown
or disclosed herein, and embodiments deviating from
those disclosed in the exemplary modes of carrying out
the teaching of the present disclosure will still be covered
by the claims.
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Claims

A circuit breaker with metallic enclosure (1) compris-
ing a chamber (3), the chamber enclosing an interior
volume (311, 312) and the chamber comprising a
first compartment (31) and a second compartment
(32), wherein the first and second compartments en-
close the interior volume and wherein the first and
second compartments are electrically insulated from
each other,

a switching actuator (34) displaceably provided in-
side at least one of the compartments (31, 32) and
configured and adapted to selectively provide elec-
tric connection between the compartments, and

a sealed tank (2) enclosing the chamber and elec-
trically insulated from the chamber, whereby an ex-
terior volume (211) is provided between a wall of the
tank and the chamber,

wherein each of the compartments is connected to
a line connector (312, 322) penetrating the tank,
wherein the penetration opening of each line con-
nector through the tank is sealed and the line con-
nectors are electrically insulated from the tank,
wherein the tank and the compartments contain a
dielectric gas and the interior volume (311, 321) of
each compartment of the chamber is fluidly connect-
ed to the exterior volume (211) by a flow path having
an overall flow cross section,

characterized in that the flow path between the in-
terior volume of each of the compartments and the
exterior volume is subdivided into a multitude of
ducts, each duct having a partial flow cross section,
a hydraulicdiameter and alength, wherein the length
of each duct is at least twice the hydraulic diameter
of the duct.

The circuit breaker with metallic enclosure (1) ac-
cording to the preceding claim, wherein at least one
duct extends from an inlet adjacent the interior vol-
ume (311, 321) of a compartment (31, 32) toan outlet
adjacent the exterior volume (211), and wherein fur-
ther a lateral fluid connection between the duct and
the exterior volume is provided and joins the duct
between the inlet and the outlet.

The circuit breaker with metallic enclosure according
to the preceding claim, wherein at least one duct
comprises a lateral opening in the duct wall.

The circuit breaker with metallic enclosure according
to any preceding claim, wherein the fluid communi-
cation between the interior volume (311, 321) of a
compartment (31, 32) and the exterior volume (211)
is provided by a bundle of tube-shaped ducts (43).

The circuit breaker with metallic enclosure according
to any preceding claim, wherein at least one duct is
curved.
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10.

1.

12.

The circuit breaker with metallic enclosure according
to any of the preceding claims, wherein at least one
duct is spiraled.

The circuit breaker with metallic enclosure according
to any of the preceding claims, wherein at least one
duct (44) is nozzle-shaped with the partial flow cross
section tapering from an upstream end to a down-
stream end in a direction from the interior (311, 321)
of the compartment to the exterior volume (211).

The circuit breaker with metallic enclosure according
to the preceding claim, wherein a downstream end
of a first nozzle is arranged to discharge into an up-
stream end of a downstream duct, and further the
upstream end of the downstream duct s in fluid com-
munication with the exterior volume (211).

The circuit breaker with metallic enclosure according
to any of the preceding claims, wherein the chamber
(3) comprises two axial ends, wherein at least one
axial end is provided with an end cap (4), wherein
the ducts are provided in the end cap.

The circuit breaker with metallic enclosure according
to the preceding claim, wherein the ducts are pro-
vided by fixtures (41, 42, 43, 44) inside the end cap

(4).

The circuit breaker with metallic enclosure according
tothe preceding claim, wherein a circumferential wall
of the end cap (4) is provided with openings so as
to provide a fluid communication between the exte-
rior volume and at least one of the ducts.

A method of manufacturing a circuit breaker with me-
tallic enclosure according to any of the preceding
claims, comprising

providing a chamber (3) wherein the chamber is di-
vided into two compartments (31, 32) electrically in-
sulated from each other,

providing a displaceable switching actuator (34) in-
side at least one of the compartments which is con-
figured and adapted to selectively make electric con-
tact between the compartments,

providing a tank (2) enclosing the chamber (3),
providing a fluid communication between an interior
volume (311, 321) of the chamber and an exterior
volume (211) defined between a wall of the tank and
the chamber, and

filling the tank (2) with a dielectric gas,
characterized in that providing the fluid communi-
cation between the interior volume (311, 321) of the
chamber and the exterior volume (211) defined be-
tween the chamber (3) and the wall of the tank (2)
comprises providing a multitude of ducts, wherein
providing the multitude of ducts comprises manufac-
turing the multitude of ducts by an additive manufac-
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turing method.

A method of operating a circuit breaker with metallic
enclosure, the circuit breaker comprising a chamber
(3), the chamber enclosing an interior volume (311,
312) and the chamber comprising a first compart-
ment (31) and a second compartment (32), wherein
the first and second compartments enclose the inte-
rior volume and wherein the first and second com-
partments are electrically insulated from each other,
a switching actuator (34) provided inside atleast one
of the compartments (31, 32) and configured and
adapted to selectively provide electric connection
between the compartments, and

a sealed tank (2) enclosing the chamber and elec-
trically insulated from the chamber, whereby an ex-
terior volume (211) is provided between a wall of the
tank and the chamber,

wherein each of the compartments is connected to
a line connector (312, 322) penetrating the tank,
wherein the penetration opening of each line con-
nector through the tank is sealed and the line con-
nectors are electrically insulated from the tank,
wherein the tank and the compartments contain a
dielectricgas and theinterior (311, 321) of each com-
partment of the chamber is fluidly connected to the
exterior volume (211),

the method comprising one of establishing and in-
terrupting electric contact between the first and sec-
ond compartments, thereby inducing an arc,
whereby the arc heats the gas inside the interior vol-
ume, and discharging the thus heated gas into the
exterior volume, characterized in that discharging
the heated gas into the exterior volume comprises
diffusing the heated gas which is discharged from
the interior volume to the exterior volume prior to
releasing it into the exterior volume.

The method of the preceding claim, characterized
in admixing the heated gas which is discharged with
gas from the exterior volume prior to releasing the
heated gas into the exterior volume.

The method of any of the two preceding claims char-
acterized in directing the heated gas which is dis-
charged through a multitude of ducts, and cooling
the heated gas which is discharged while flowing
through the multitude of ducts in exchanging heat
with the duct walls, wherein in particular the length
of each duct is at least twice the hydraulic diameter
of the duct.
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