EP 4 246 548 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
20.09.2023 Bulletin 2023/38

(21) Application number: 22162161.8

(22) Date of filing: 15.03.2022

(51)

(52)

(11) EP 4 246 548 A1

EUROPEAN PATENT APPLICATION

International Patent Classification (IPC):
HO1H 33/22(2006.01) HO1H 33/70 (2006.0)
HO1H 33/91 (2006.01)

Cooperative Patent Classification (CPC):
HO1H 33/22; HO1H 33/7023; HO1H 33/91

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Hitachi Energy Switzerland AG
5400 Baden (CH)

(72) Inventors:
e GALLETTI, Bernardo
5415 Nussbaumen (CH)

(74)

BUFFONI, Marcelo

5600 Lenzburg (CH)
CRISTINI, Paulo

5400 Baden (CH)
RADISAVLJEVIC, Branimir
8037 Ziirich (CH)
GARYFALLOS, Angelos
5443 Niederrohrdorf (CH)

Representative: Michalski Huttermann & Partner
Patentanwalte mbB

KaistraBe 16A

40221 Diisseldorf (DE)

(54) INTERRUPTER UNIT FOR GAS-INSULATED HIGH OR MEDIUM VOLTAGE DEVICE AND
GAS-INSULATED HIGH OR MEDIUM VOLTAGE DEVICE
(67)  The invention relates to an interrupter unit (10)

for a gas-insulated high or medium voltage device com-
prising a first arcing contact (12) and a second arcing
contact (14), wherein at least one of the arcing contacts
(12,14) is axially movable along a switching axis (16), a
nozzle (18), wherein the nozzle (18) comprises a heating
channel (20) for guiding an arc extinguishing gas in a
flow-guiding direction (22) to an arcing region (24) formed
between the first (12) and the second arcing contact (14)
during an opening operation of the arcing contacts
(12,14), wherein the heating channel (20) comprises at
anopening (30) of the heating channel (20) into the arcing
region (24) a terminal section (32), where a radial com-
ponent of the flow-guiding direction (22) is equal to or
greater than an axial component of the flow-guiding di-
rection (22), wherein the terminal section (32) is rotation-
ally symmetric around the switching axis (16), and where-
in the terminal section (32) comprises a segment (34), in
which a cross-section area orthogonal to the flow-guiding
direction (22) is constant with respect to the flow-guiding
direction (22) of the heating channel (20).

Furthermore, the invention relates to a gas-insulated
high or medium voltage device comprising the above in-
terrupter unit (10).
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Description
Technical Field

[0001] The invention relates to an interrupter unit for a
gas-insulated high or medium voltage device.

[0002] The present invention also relates to a gas-in-
sulated high or medium voltage device comprising the
above interrupter unit.

Background Art

[0003] High or medium voltage devices, such as circuit
breakers and switchgears are essential for the protection
of technical equipment, especially in the high voltage
range. For example, circuit breakers are predominantly
used for interrupting a current, when an electrical fault
occurs. As an example, circuit breakers have the task of
opening arcing contacts, quench an arc, and keeping the
arcing contacts apart from one another in order to avoid
a current flow even in case of high electrical potential
originating from the electrical fault itself. Circuit breakers,
may break medium to high short circuit currents of typi-
cally 1 kA to 80 kA at medium to high voltages of 12 kV
to 72 kV and up to 1200 kV. Thus, high or medium voltage
devices accommodate high-voltage conductors such as
lead conductors to which a high voltage is applied.
[0004] Some high or medium voltage devices, namely
gas-insulated high or medium voltage devices comprise
an insulation gas, for example SFg, in order to shield and
insulate the high-voltage conductor from other compo-
nent and/or to improve quenching of an arc, when oper-
ating arcing contacts.

[0005] In particular the insulation gas is used for extin-
guishing the arc generated in an arcing region between
the arcing contacts when a current is interrupted and is
thus also called arc extinguishing gas. The arcing region
is typically surrounded by an insulating nozzle. The noz-
zle typically also serves for guiding a stream of the insu-
lation gas for extinguishing, or blowing off, the arc. There-
by, the insulation gas is typically guided by a dedicated
passage in the nozzle, also called heating channel, which
ends close to the arcing region. Thus, the insulation gas
is guided directly onto the developing arc.

[0006] An electric arcis made up by a flux of electrons
and a flux of ions which circulate in opposite directions
between the arcing contacts. When the temperature of
the arc decreases, ions and electrons recombine and the
insulation gas resumes its isolating properties. In a gas
insulated circuit breakers, a gaseous mantle surrounds
a core of the arc. The temperature of the gaseous mantle
decreases as the distance from the arc axis is increased.
The current flow is interrupted when an efficient blast of
insulation gas is applied to cool the arc and extinguish it.
[0007] Sulphur hexafluoride (SFg) is widely used as
arc extinguishing gas, as it is known for its high dielectric
strength and thermal interruption capability. However,
SFg might have some environmental impact when re-
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leased into the atmosphere, in particular due to its rela-
tively high global warming potential and its relatively long
lifetime in the atmosphere.

[0008] Thus, efforts have been made to substitute SFg
with different more environmentally friendly arc extin-
guishing gases or to reduce the SFg content in the arc
extinguishing gas mixture. For example, one candidate
for substituting SF¢ as insulation gas is CO,. However,
the arc extinguishing capability of CO, is inferior to that
of SFg. Thus, for a circuit breaker of a conventional de-
sign, a sufficient interruption performance is thus often
not achieved when CO, is used as a quenching gas in-
stead of SFg. This is particularly the case for relatively
high short-circuit currents and voltage ratings.

[0009] However, the thermal interruption capacity of
the high or medium voltage device is not only influenced
by the type of insulation gas. Also, the design of the noz-
zle influences the thermal interruption capacity of the high
or medium voltage device.

[0010] WO 2013/153112 A1 describes a circuit break-
er including two contacts, a pressurization chamber, a
nozzle arrangementdesigned to blow an arcin a quench-
ing region, with a narrowest passage of a pressurization
chamber outflow channel to be passed by outflowing
quenching gas defining a pressurization chamber outflow
limiting area, a narrowest passage of a nozzle channel
to be passed by outflowing quenching gas defining a noz-
zle outflow limiting area, the smaller area of which defin-
ing an absolute outflow limiting area, with quenching gas
having a global warming potential lower than the one of
SFg over an interval of 100 years; wherein a ratio of the
pressurization chamber outflow limiting area to the noz-
zle outflow limiting area is less than 1.1:1.

Summary of invention

[0011] Itis an object of the invention to provide means
to improve the thermal interruption performance of gas-
insulated high or medium voltage devices, particularly
during high current duties.

[0012] The object of the invention is solved by the fea-
tures of the independent claims. Modified embodiments
are detailed in the dependent claims.

[0013] Thus, the object is solved by an interrupter unit
for a gas-insulated high or medium voltage device com-
prising a first arcing contact and a second arcing contact,
wherein atleast one of the arcing contacts is axially mov-
able along a switching axis, a nozzle, wherein the nozzle
at least partially encloses one of the arcing contacts,
wherein the nozzle comprises a heating channel for guid-
ing an arc extinguishing gas in a flow-guiding direction
to an arcing region formed between the first and the sec-
ond arcing contact during an opening operation of the
arcing contacts, wherein the heating channel comprises
atan opening ofthe heating channelinto the arcing region
aterminal section, where a radial component of the flow-
guiding direction is equal to or greater than an axial com-
ponent of the flow-guiding direction, wherein the terminal
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section is rotationally symmetric around the switching ax-
is, and wherein the terminal section comprises a seg-
ment, in which a cross-section area orthogonal to the
flow-guiding direction is constant with respect to the flow-
guiding direction of the heating channel.

[0014] Furthermore, the object is solved by a gas-in-
sulated high or medium voltage device comprising the
above interrupter unit, and wherein the high or medium
voltage device comprises an arc extinguishing gas.
[0015] Preferably the arc extinguishing gas is selected
from CO,, mixtures with CO,, SFg, mixtures of SFg with
a carrier gas and/or mixtures of fluoroketons and/or
fluoronitriles with a carrier gas. The carrier gas for use
with fluoroketons and/or fluoronitriles and/or SFg may
comprise air, N,, CO,, and mixtures thereof. Further pref-
erably the insulation gas may have a reduced fluorine
content or may even be essentially fluorine free.

[0016] According to another preferred embodiment of
the invention the gas-insulated high or medium voltage
device is preferably a circuit breaker and more preferably
the gas-insulated high or medium voltage device is con-
figured as a puffer-type circuit breaker, a self-blast circuit
breaker, or a combined puffer-type and self-blast circuit
breaker. In the context of this invention medium to high
voltages means voltages of 12 kV to 72 kV (medium volt-
age) and up to 1200 kV (high voltage).

[0017] In the present interruption unit, the cross-sec-
tion area of the heating channel orthogonal to the flow-
guiding direction in the segment in the terminal section
of the heating channel is constant with respect to the
flow-guiding direction of the heating channel. Due to the
rotational symmetry of the heating channelin the terminal
section, a form of the cross-section area preferably cor-
responds to a surface of revolution.

[0018] The heating channel preferably links a pressur-
ization chamber of the arc extinguishing gas, which is
also called insulation gas, with the arcing region during
movement of the at least one arcing contact along the
switching axis and is also known as pressurization cham-
ber outflow channel.

[0019] The heating channel comprises at the opening
of the heating channel into the arcing region the terminal
section, where a radial component of the flow-guiding
direction is equal to or greater than an axial component
of the flow-guiding direction. The axial component of the
flow-guiding direction is colinear to the switching axis.
The radial component of the flow-guiding direction is or-
thogonal to the switching axis and defined by the rota-
tional symmetry of the terminal section of the heating
channel around the switching axis.

[0020] Beingrotationally symmetric around the switch-
ing axis preferably means that the terminal section of the
heating channel is such that the switching axis is with
respect to the terminal section an infinite rotational sym-
metry axis C,,.

[0021] The flow-guiding direction is preferably defined
by sidewalls of the nozzle encompassing the heating
channel. Preferably the flow-guiding direction at a point
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in the heating channel is parallel or antiparallel to the
direction of the normal vector of a plane through that
point, wherein said plain corresponds to a sectional plane
of least area through the heating channel.

[0022] Having the radial component of the flow-guiding
direction being equal to or greater than the axial compo-
nent of the flow-guiding direction in the terminal section
of the heating channel preferably means in other words
that a course of the heating channel is predominantly
towards the switching axis - i.e. an angle of the flow-
guiding direction with respect to the switching axis is 90°
+ 45° in the terminal section.

[0023] During circuit breaking operation of the high or
medium voltage device, the insulation gas preferably
flows along the flow-guiding direction towards the arcing
region and passes the terminal section of the heating
channel before it enters the arcing region. The fluid dy-
namics of the insulation gas are particularly influenced
by the cross-section area of the heating channel orthog-
onal to the flow-guiding direction.

[0024] The segment with the constant cross-section
area with respect to the flow-guiding direction in the ter-
minal section of the heating channel is preferably the
narrowest passage the insulation gas passes during its
flow from the pressurization chamber to the arcing region
and thus preferably constitutes a pressurization chamber
out-flow limiting area. After the insulation gas has
reached the arcing region, it preferably flows out of the
arcing region by passing a nozzle outflow limiting area.
The nozzle outflow limiting area, as will be described in
more detail later, can be formed by several channels.
[0025] The constant cross-section area of the heating
channel in the segment within the terminal section leads
to a situation wherein a ratio of the pressurization cham-
ber outflow limiting area to the nozzle outflow limiting
area decreases more and more pronounced as the cur-
rent duties of the medium or high voltage device are in-
creased, due to nozzle ablation. The decrease of such
an area ratio establishes more favourable conditions for
the quenching of the arc in high current duties, thus im-
proving the thermal interruption capability of the high to
medium voltage device in short-line-fault (SLF) test du-
ties.

[0026] In high current duties the nozzle gets severely
worn by ablation of material due to the large current,
which normally results in a decrease of the quenching
capacity of the insulation gas flow, as it changes the pres-
surization chamber outflow limiting area and thus de-
creases the driving force that moves the gas flow inside
the nozzle. Hence, the gas is flushed less effectively from
the nozzle. In turn this leads to a reduction of the safety
margin with which the current is interrupted throughout
aprescribed breaking sequence. The described segment
of the terminal section of the heating channel, which has
a constant cross-section area with respect to the flow-
guiding direction, allows to increase the safety margin.
This is possible as the ablation does not decrease the
pressurization chamber outflow limiting area, as it is con-
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stant with respect to the flow-guiding direction. Thus, the
decrease of the ratio of the pressurization chamber out-
flow limiting area to the nozzle outflow limiting area helps
defer the decrease of the thermal interruption perform-
ance of the high or medium voltage device due to the
change in the nozzle’s contours brought about by abla-
tion.

[0027] According to a preferred embodiment of the in-
vention, the nozzle comprises an auxiliary nozzle and an
insulating nozzle arranged around the auxiliary nozzle,
wherein the heating channel is formed in between the
insulating nozzle and the auxiliary nozzle, wherein in a
unworn state of the interrupter unit, axial side walls of the
auxiliary nozzle and the insulating nozzle facing the arc-
ing region are rotationally symmetric around the switch-
ing axis, and are configured such that a sum of a first
narrowest cross-section area orthogonal to the switch-
ing-axis encompassed by the axial side wall of the aux-
iliary nozzle with a second narrowest cross-section area
orthogonal to the switching-axis encompassed by the ax-
ial side wall of the insulating nozzle is lower than the
cross-section area of the heating channel orthogonal to
the flow-guiding direction in the segment within the ter-
minal section of the heating channel.

[0028] Inother words, the nozzle preferably comprises
two parts, the insulating nozzle, which is also called the
main nozzle, and the auxiliary nozzle. The insulating noz-
zle is preferably arranged around the auxiliary nozzle and
forming the heating channel in between the insulating
nozzle and the auxiliary nozzle. The insulating nozzle
and the auxiliary nozzle are preferably at least in the ter-
minal part of the heating channel rotationally symmetric
about the switching axis.

[0029] Furthermore, the arcing region preferably com-
prises two outlets through which the insulation gas can
flow out. Thus, the nozzle outflow limiting area is formed
by the sum of the first narrowest cross-section area and
of the second narrowest cross-section area.

[0030] Although it might be possible - e.g. for medium
voltage applications - that only one nozzle with one noz-
zle outlet is provided, the nozzle preferably comprises
the insulating nozzle and the auxiliary nozzle. The axial
side walls of the auxiliary nozzle facing the arcing region
preferably define the auxiliary nozzle channel, wherein
at an auxiliary nozzle throat the auxiliary nozzle channel
has a narrowest cross-section with the first narrowest
cross-section area. The axial side walls of the insulating
nozzle facing the arcing region preferably define the in-
sulating nozzle channel, wherein at an insulating nozzle
throat the insulating nozzle channel has a narrowest
cross-section with the second narrowest cross-section
area.

[0031] The described configuration that the sum of the
first narrowest cross-section area (also called auxiliary
nozzle throat cross section area) and the second narrow-
est cross-section area (also called auxiliary nozzle throat
cross section area) is lower than the cross-section area
of the heating channel in the segment within the terminal
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section of the heating channel combines the advantage
of having the ratio of the pressurization chamber outflow
limiting area to the nozzle out-flow limiting area >1 in low
current duty operations, thereby reducing the risk of di-
electric breakdown, with the advantage of having the ratio
of the pressurization chamber outflow limiting area to the
nozzle out-flow limiting area <1 towards the end of the
prescribed breaking sequence in SLF duties. Indeed, the
nozzle wear caused by the high-current arc in SLF duties,
induces a decrease of the ratio of the pressurization
chamber outflow limiting area to the nozzle outflow lim-
iting area towards lower values, since the numerator re-
mains constant by design while the denominator increas-
es due to wear, which in turn leads to an increased ther-
mal interruption performance.

[0032] According to another preferred embodiment of
the invention, an interrupter unit is provided, wherein in
the unworn state of the interrupter unit, the axial side
walls of the auxiliary nozzle and the insulating nozzle
facing the arcing region and adjacent to the opening of
the heating channel into the arcing region extend at least
partially parallel to the switching axis. Preferably, in the
unworn state the auxiliary nozzle throat and the insulating
nozzle throat have at least at the opening of the heating
channel a form corresponding to a right cylinder. Further
preferably the diameter of the auxiliary nozzle throat is
equal to or smaller than the diameter of the insulating
nozzle throat.

[0033] The course of the heating channel from the
pressurization chamber to the opening at the arcing re-
gion can in principle have any form, as long as within the
terminal section of the heating channel the radial com-
ponent of the flow-guiding direction is equal to or greater
than the axial component of the flow-guiding direction.
For example, the heating channel can first have a course
parallel to the nozzle throat and then change its direction
in order to have in the terminal section a course perpen-
dicular to the nozzle throat. In this regard and according
to preferred embodiment of the invention, the terminal
section comprises a subsection where the flow-guiding
direction of the heating channel exclusively has a radial
component, and wherein the segment with the constant
cross-section area extends at least in part along said
subsection. Preferably the segment with the constant
cross-section area extends along the whole subsection.
[0034] According to another preferred embodiment of
the invention, an interrupter unitis provided, wherein with
respect to the flow-guiding direction the segment with the
constant cross-section area starts at the beginning of the
terminal section, or wherein with respect to the flow-guid-
ing direction the segment with the constant cross-section
area starts at the beginning of the subsection where the
flow-guiding direction of the heating channel exclusively
has aradial component. The segmentin the terminal part
of the heating channel with the constant cross-section
area can start at different points in the terminal section.
[0035] In this regard and according to another embod-
iment of the invention the nozzle comprises the auxiliary
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nozzle and the insulating nozzle arranged around the
auxiliary nozzle, wherein the heating channel is formed
in between the insulating nozzle and the auxiliary nozzle
and wherein the segment with the constant cross-section
area starts, where a sidewall of the auxiliary nozzle facing
the heating channel has its maximal axial extent. The
sidewall of the auxiliary nozzle facing the heating channel
may at a start of the heating channel be predominantly
oriented parallel to the switching axis. Preferably, as the
course of the heating channel changes towards the
switching axis also the orientation of the sidewall of the
auxiliary nozzle changes. The sidewall of the auxiliary
nozzle facing the heating channel may be such that the
sidewall comprises a turning point, where with respect
to the switching axis the sidewall reaches a maximum.
Preferably, the segment with the constant cross-section
area starts at said turning point.

[0036] Accordingto another preferred embodimentthe
nozzle comprises the auxiliary nozzle and the insulating
nozzle arranged around the auxiliary nozzle, wherein the
heating channel is formed in between the insulating noz-
zle and the auxiliary nozzle and wherein sidewalls of the
insulating nozzle and auxiliary nozzle facing the heating
channel within the segment with the constant cross-sec-
tion area are not parallel to each other. As the area of
the cross-section is constant with respect to the flow-
guiding direction and as the flow-guiding direction com-
prises a radial component, the sidewalls of the heating
channel within the segment are preferably not parallel to
each other. In case of parallel sidewalls, the area of the
cross-section would indeed decrease along the flow-
guiding direction as a radius of a surface of revolution
describing the cross-section area decreases.

[0037] In this regard and according to another pre-
ferred embodiment the nozzle comprises the auxiliary
nozzle and the insulating nozzle arranged around the
auxiliary nozzle, wherein the heating channel is formed
in between the insulating nozzle and the auxiliary nozzle
and wherein within the segment with the constant cross-
section area a shortest distance between a sidewall of
the insulating nozzle facing the heating channel and a
sidewall of the auxiliary nozzle facing the heating channel
increases with respect to the flow-guiding direction.
[0038] An end of the segment with the constant cross-
section area within the terminal section of the heating
channel can in general be at different points of the ter-
minal section. According to another preferred embodi-
ment of the invention an interrupter unit is provided,
wherein with respect to the flow-guiding direction the seg-
ment with the constant cross-section area ends at the
opening of the heating channel into the arcing region, or
wherein with respect to the flow-guiding direction the seg-
ment with the constant cross-section area ends at the
beginning of a fillet region at the opening of the heating
channel into the arcing region.

[0039] In other words, the segment with constant
cross-section area preferably extends until the opening
of the heating channel at the arcing region. However, as
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edges of the opening of the heating channel may be
rounded and/or may be configured as fillet edges, it is
also possible that the segment with the constant cross-
section area ends with the beginning of the fillet region.
[0040] Asalready mentioned, the course of the heating
channel from the pressurization chamber to the opening
at the arcing region can in principle have any form, as
long as within the terminal section of the heating channel
the radial component of the flow-guiding direction is equal
to or greater than the axial component of the flow-guiding
direction. However, according to another preferred em-
bodiment of the invention an interrupter unit is provided,
wherein the heating channel comprises with respect to
the flow-guiding direction upstream to the terminal sec-
tion and adjacentto the terminal section, a further section,
where the radial component of the flow-guiding direction
is lower than the axial component of the flow-guiding di-
rection, wherein the further section is rotationally sym-
metric around the switching axis, and wherein the further
section is configured such that the further section com-
prises a further segment, where a cross-section area of
the heating channel orthogonal to the flow-guiding direc-
tion is constant with respect to the flow-guiding direction.
[0041] Further preferably the further segment with the
constant cross-section area in the further section of the
heating channel is preferably adjacent to the segment
with the constant cross-section area in the terminal sec-
tion of the heating channel.

[0042] According to another preferred embodiment of
the invention an interrupter unit is provided, wherein with
respect to the flow-guiding direction the further segment
with the constant cross-section area ends at the begin-
ning of the terminal section. Further preferably the cross-
section area within the further segment and within the
segment are the same.

[0043] According toanother preferred embodimentthe
further section comprises a further subsection, where the
flow-guiding direction of the channel exclusively has an
axial component.

[0044] According to another preferred embodiment of
the invention, the cross-section area of the heating chan-
nel orthogonal to the flow-guiding direction within the seg-
ment with the constant cross-section area has a form
corresponding to a lateral surface of a right circular cyl-
inder or to a lateral surface of a conical frustum, and/or
wherein the cross-section area of the heating channel
orthogonal to the flow-guiding direction within the further
segment with the constant cross-section area has a form
corresponding to a lateral surface of a conical frustum or
to an annulus.

[0045] As already mentioned, the cross-section area
preferably has a form that corresponds to a surface of
revolution. Depending on the course of the heating chan-
nel, the surface of revolution can have different forms
and/or can correspond to lateral surfaces of differentbod-
ies of revolution. Preferably in connection to the terminal
section of the heating channel, the form of the cross-
section area corresponds to the lateral surface of a right
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circular cylinder or to the lateral surface of a conical frus-
tum. Further preferably, in the subsection of the section,
where the flow-guiding direction of the heating channel
exclusively has aradial component, the form of the cross-
section area corresponds to the lateral surface of a right
circular cylinder.

[0046] Further preferably in connection to the further
section of the heating channel, the form of the cross-
section area corresponds to the lateral surface of a con-
ical frustum or to an annulus. Further preferably, in the
further subsection of the further section, where the flow-
guiding direction of the heating channel exclusively has
an axial component, the form of the cross-section area
corresponds to an annulus.

[0047] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

[0048] In the drawings:

Fig. 1  schematically shows an interrupter unit for a
gas-insulated high voltage circuit breaker, ac-
cording to a preferred embodiment.

Fig. 2  schematically shows the interrupter unit of fig-
ure 1 in an unworn state and in a worn state,

Fig. 3  schematically shows two exemplary cross-sec-
tional areas of a heating channel within a seg-
ment of the heating channel of the interrupter
unit of figure 1, and

Fig. 4 schematically shows an interrupter unit for a

gas-insulated high voltage circuit breaker, ac-
cording to another preferred embodiment.

Description of embodiments

[0049] Fig. 1 schematically shows an interrupter unit
10 for a gas-insulated high or medium circuit breaker,
according to a preferred embodiment. The interrupter unit
10 comprising a first arcing contact 12 and a second arc-
ing contact 14. In this embodiment the first arcing contact
12 has the form of a plug contact 12 and the second
arcing contact 14 is configured as tulip contact 14. The
plug contact 12 is axially movable along a switching axis
16. The tulip contact 14 is configured to engage around
a proximal portion of the plug contact 12, in the closed
position of the contacts 12, 14 (not shown in figure 1). In
the open position of the contacts 12, 14 the plug contact
12 and tulip contact 14 are apart from each other, as
shown in figure 1.

[0050] The interrupter unit 10 further comprises a noz-
zle 18, wherein the nozzle 18 at least partially encloses
the arcing contacts 12, 14. The nozzle 18 comprises a
heating channel 20 for guiding an arc extinguishing gas
in a flow-guiding direction 22 to an arcing region 24
formed between the first arcing contact 12 and the sec-
ond arcing contact 14 during the opening operation of
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the arcing contacts 12, 14. The heating channel 20 links
a pressurization chamber of the arc extinguishing gas
(not shown in figure 1), with the arcing region 24 during
the relative movement of the arcing contacts 12 and 14
along the switching axis 16.

[0051] In this embodiment the nozzle 18 comprises an
auxiliary nozzle 26 and an insulating nozzle 28 arranged
around the auxiliary nozzle 26 and the heating channel
20 is formed in between the insulating nozzle 28 and the
auxiliary nozzle 26. The heating channel 20 comprises
at an opening 30 of the heating channel 20 into the arcing
region 24 a terminal section 32, where a radial compo-
nent of the flow-guiding direction 22 is equal to or greater
than an axial component of the flow-guiding direction 22.
The terminal section 32 of the heating channel 20 is ro-
tationally symmetric around the switching axis 16. The
axial component of the flow-guiding direction 22 is the
component colinear to the switching axis 16. The radial
component of the flow-guiding direction 22 is orthogonal
to the switching axis 26 and defined by the rotational
symmetry of the terminal section 32 around the switching
axis 16.

[0052] The terminal section 32 comprises a segment
34, in figure 1 the shaded area 34, where a cross-section
area of the heating channel 20 orthogonal to the flow-
guiding direction 22 is constant with respect to the flow-
guiding direction 22 of the heating channel 20.

[0053] In this embodiment the terminal section 32 fur-
ther comprises a subsection 38, where the flow-guiding
direction 22 of the heating channel 20 exclusively has a
radial component. In other words, and as can be seen in
figure 1, in this subsection 38, the course of the heating
channel 20 is such that the flow-guiding direction 22 is
orthogonal to the switching axis 26. The segment 34 with
the constant cross-section area extends at least in part
along said subsection 38.

[0054] Furthermore, and as is also illustrated in figure
3, in the embodiment shown in figure 1 the cross-section
area of the heating channel 20 orthogonal to the flow-
guiding direction 22 within the segment 34 with the con-
stant cross-section area has a form 36 corresponding to
a lateral surface of a cylinder. Figure 3 illustrates two
exemplary forms 36 of the cross-section areas, which
correspond to the cross-sections indicated by the arrows
40, 42 in figure 1. As can also be seen in figure 3, is that
the height of the cylinders, which are also indicated by
the arrows 40, 42 increases when the radius of the cyl-
inder decreases. As the height of the cylinder corre-
sponds to a shortest distance between the sidewall of
the insulating nozzle 28 facing the heating channel 20
and a sidewall 46 of the auxiliary nozzle 26 facing the
heating channel 20, figure 3 and 1 also illustrate that in
the segment 34 the heating channel 20 is formed such
that the shortest distance increases with respect to the
flow guiding direction 22.

[0055] In another preferred embodiment shown in fig-
ure 4 the course of the heating channel 20 in the terminal
section 32 is different from the embodiment as shown in
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figure 1. In the embodiment shown in figure 4 the course
of the heating channel 20 in the terminal section 32 is
such that the flow guiding direction 22 has in addition to
the radial component also an axial component. For sim-
plicity only one halve of the rotationally symmetric part
of the interrupter unit 10 is shown in figure 4 and also
only the second arcing contact 14 of the first and second
arcing contacts 12, 14 is shown in figure 4. In the em-
bodiment shown in figure 4, the form of the constant
cross-section area would correspond to a lateral surface
of a conical frustrum.

[0056] Furthermore, and with regard to the segment
34 with the constant cross-section area, in the embodi-
ments shown in figures 1 and 4 the segment 34 starts
with respect to the flow-guiding direction 22 ata point 44,
where a sidewall 46 of the auxiliary nozzle 26 facing the
heating channel 20 has its maximal axial extent. As can
be seen in figures 1 and 3, at a beginning of the heating
channel 20 the sidewall 46 of the auxiliary nozzle 26 fac-
ing the heating channel 20 is predominantly oriented par-
allel to the switching axis 16. However, as the course of
the heating channel 20 changes towards the switching
axis 16 also the orientation of the sidewall 46 changes.
The segment 34 starts at the point 44, where the sidewall
46 has a turning point and the axial extent of the sidewall
46 reaches its maximum.

[0057] As can also be seen in figure 1, the edges of
the opening 30 of the heating channel 20 into the arcing
region 24 are rounded and configured as fillet edges. The
end of the segment 34 with the constant cross-section
area within the terminal section 32 of the heating channel
20 ends in this embodiment at the beginning of the fillet
region 48 at the opening 30 of the heating channel 20
into the arcing region 24.

[0058] With respect to figure 2, which shows the inter-
rupter unit 10 of figure 1 in an unworn state (indicated by
a continuous line of the contour) and in a worn state,
where sidewalls 50, 50°, 52, 52’ of the nozzle 18 are ab-
lated (indicated by a dashed line of the contour), axial
side walls 50 of the auxiliary nozzle 26 and axial side
walls 52 of the insulating nozzle 28 facing the arcing re-
gion 24 and adjacent to the opening 30 of the heating
channel 20 extend at least partially parallel to the switch-
ing axis 16 in the unworn state of the nozzle 18.

[0059] The axial side walls 50 of the auxiliary nozzle
26 define an auxiliary nozzle channel 54 and the axial
side walls 52 of the insulating nozzle 28 define an insu-
lating nozzle channel 56. In the embodiment shown in
figure 2, in the unworn state of the interrupter unit 10, a
diameter 58 of the auxiliary nozzle channel 54 and a di-
ameter 60 of the insulating nozzle channel 56 are the
same.

[0060] In the embodiment shown in figure 2 the seg-
ment 34 with the constant cross-section area within the
terminal section 32 of the heating channel 20 is the nar-
rowest passage the arc extinguishing gas passes during
its flow from the pressurization chamber to the arcing
region 24 and constitutes a pressurization chamber out-
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flow limiting area.

[0061] Furthermore, in the unworn state, a nozzle out-
flow limiting area is defined by the sum of a first narrowest
cross-section area defined by the the diameter 58 of the
auxiliary nozzle channel 54 and encompassed by the ax-
ial side wall 50 of the auxiliary nozzle 26 with a second
narrowest cross-section area defined by the the diameter
60 of the insulating nozzle channel 56 and encompassed
by the axial side wall 52 of the insulating nozzle 28.
[0062] Inthe worn state the nozzle outflow limiting area
is defined by the sum of a first narrowest cross-section
area defined by the the diameter 58’ of the auxiliary noz-
zle channel 54 and encompassed by the axial side wall
50’ of the auxiliary nozzle 26 with a second narrowest
cross-section area defined by the the diameter 60’ of the
insulating nozzle channel 56 and encompassed by the
axial side wall 52’ of the insulating nozzle 28.

[0063] In the embodiment shown in figure 2 the inter-
ruption unit 10 is configured such that in the unworn state
a ratio between the pressurization chamber outflow lim-
iting area to the nozzle outflow limiting area is >1 and
changes to <1 in the worn state.

[0064] As can be further seen in figure 1, the heating
channel 20 comprises with respect to the flow-guiding
direction 22 upstream to the terminal section 32 and ad-
jacent to the terminal section 32, a further section 62,
where the radial component of the flow-guiding direction
22 is lower than the axial component of the flow-guiding
direction 22. Furthermore, in the embodiment shown in
figure 1, the further section 62 is rotationally symmetric
around the switching axis 16, and comprises a further
segment, where a cross-section area of the heating chan-
nel 20 orthogonal to the flow-guiding direction 22 is con-
stant with respect to the flow-guiding direction 22.
[0065] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to be disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closed, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not
be construed as limiting scope.

Reference signs list
[0066]
10 interrupter unit

12 first arcing contact, plug contact
14 second arcing contact, tulip contact
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16  switching axis

18 nozzle

20 heating channel

22 flow guiding direction

24  arcing region

26  auxiliary nozzle

28 insulating nozzle

30  opening of heating channel

32  terminal section

34  segment

36  form of cross-section area of segment 34

38  subsection

40  arrow

42 arrow

44 point where sidewall of heating channel has max-
imal axial extent

46  sidewall of auxiliary nozzle facing heating channel

48  fillet region

50 side wall of auxiliary nozzle facing arcing region
in unworn state

50" side wall of auxiliary nozzle facing arcing region
in worn state

52  side wall of insulating nozzle facing arcing region
in unworn state

52’  side wall of insulating nozzle facing arcing region
in worn state

54  auxiliary nozzle channel

56 insulating nozzle channel

58  diameter of auxiliary nozzle channel in unworn
state

58"  diameter of auxiliary nozzle channel in worn state

60  diameter of insulating nozzle channel in unworn
state

60’ diameter of insulating nozzle channelin worn state

62  further section

Claims

1. Interrupter unit (10) for a gas-insulated high or me-
dium voltage device comprising

a first arcing contact (12) and a second arcing
contact (14), wherein at least one of the arcing
contacts (12,14) is axially movable along a
switching axis (16),

a nozzle (18), wherein the nozzle (18) at least
partially encloses one of the arcing contacts
(12,14),

wherein the nozzle (18) comprises a heating
channel (20)for guiding an arc extinguishing gas
in a flow-guiding direction (22) to an arcing re-
gion (24) formed between the first (12) and the
second arcing contact (14) during an opening
operation of the arcing contacts (12,14),
wherein the heating channel (20) comprises at
an opening (30) of the heating channel (20) into
the arcing region (24) a terminal section (32),
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where a radial component of the flow-guiding
direction (22) is equal to or greater than an axial
component of the flow-guiding direction (22),
wherein the terminal section (32) is rotationally
symmetric around the switching axis (16),

and wherein the terminal section (32) comprises
a segment (34), in which a cross-section area
orthogonal to the flow-guiding direction (22) is
constant with respect to the flow-guiding direc-
tion (22) of the heating channel (20).

The interrupter unit (10) according to claim 1, where-
in the nozzle (18) comprises an auxiliary nozzle (26)
and an insulating nozzle (28) arranged around the
auxiliary nozzle (26), wherein the heating channel
(20) is formed in between the insulating nozzle (28)
and the auxiliary nozzle (26), wherein in a unworn
state of the interrupter unit (10), axial side walls
(50,52) of the auxiliary nozzle (26) and the insulating
nozzle (28) facing the arcing region (24) are rotation-
ally symmetric around the switching axis (16), and
are configured such that a sum of a first narrowest
cross-section area orthogonal to the switching-axis
(16) encompassed by the axial side wall (50) of the
auxiliary nozzle (26) with a second narrowest cross-
section area orthogonal to the switching-axis (16)
encompassed by the axial side wall (52) of the insu-
lating nozzle (28)is lower than the cross-section area
of the heating channel (20) within the segment (34).

The interrupter unit (10) according to the previous
claims, wherein in the unworn state of the interrupter
unit (10), the axial side walls (50,52) of the auxiliary
nozzle (26) and the insulating nozzle (28) facing the
arcing region (24) and adjacent to the opening (30)
of the heating channel (20) into the arcing region (24)
extend at least partially parallel to the switching axis
(16).

The interrupter unit (10) according to any of the pre-
vious claims, wherein the terminal section (32) com-
prises a subsection (38) where the flow-guiding di-
rection (22) of the heating channel (20) exclusively
has a radial component, and wherein the segment
(34) with the constant cross-section area extends at
least in part along said subsection (38).

The interrupter unit (10) according to any of the pre-
vious claims, wherein with respectto the flow-guiding
direction (22) the segment (34) with the constant
cross-section area starts at the beginning of the ter-
minal section (32), or wherein with respect to the
flow-guiding direction (22) the segment (34) with the
constant cross-section area starts at the beginning
of the subsection (38) where the flow-guiding direc-
tion (22) of the heating channel (20) exclusively has
a radial component.
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The interrupter unit (10) according to any of the pre-
vious claims, wherein the nozzle (18) comprises an
auxiliary nozzle (26) and an insulating nozzle (28)
arranged around the auxiliary nozzle (26), wherein
the heating channel (20) is formed in between the
insulating nozzle (28) and the auxiliary nozzle (26),
and wherein the segment (34) with the constant
cross-section area starts, where a sidewall (46) of
the auxiliary nozzle (26) facing the heating channel
(20) has its maximal axial extent.

The interrupter unit (10) according to any of the pre-
vious claims, wherein the nozzle (18) comprises an
auxiliary nozzle (26) and an insulating nozzle (28)
arranged around the auxiliary nozzle (26), wherein
the heating channel (20) is formed in between the
insulating nozzle (28) and the auxiliary nozzle (26),
and wherein sidewalls (46) of the insulating nozzle
(28) and auxiliary nozzle (26) facing the heating
channel (20) within the segment (34) with the con-
stant cross-section area are not parallel to each oth-
er.

The interrupter unit (10) according to any of the pre-
vious claims, wherein the nozzle (18) comprises an
auxiliary nozzle (26) and an insulating nozzle (28)
arranged around the auxiliary nozzle (26), wherein
the heating channel (20) is formed in between the
insulating nozzle (28) and the auxiliary nozzle (26),
and wherein within the segment (34) with the con-
stant cross-section area a shortest distance between
a sidewall of the insulating nozzle (28) facing the
heating channel (20) and a sidewall (46) of the aux-
iliary nozzle (26) facing the heating channel (20) in-
creases with respect to the flow-guiding direction
(22).

The interrupter unit (10) according to any of the pre-
vious claims, wherein with respect to the flow-guiding
direction (10) the segment (34) with the constant
cross-section area ends at the opening (30) of the
heating channel (20) into the arcing region (24) or
wherein with respect to the flow-guiding direction
(22) the segment (34) with the constant cross-sec-
tion area ends at the beginning of a fillet region (48)
at the opening (30) of the heating channel (20) into
the arcing region (24).

The interrupter unit (10) according to any of the pre-
vious claims, wherein the heating channel (20) com-
prises with respect to the flow-guiding direction (22)
upstream to the terminal section (32) and adjacent
to the terminal section (32), a further section (62),
where the radial component of the flow-guiding di-
rection (22) is lower than the axial component of the
flow-guiding direction (22), wherein the further sec-
tion (62) is rotationally symmetric around the switch-
ing axis (16), and wherein the further section (62) is
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1.

12.

13.

14.

15.

configured such that the further section (62) com-
prises afurther segment, where a cross-section area
of the heating channel (20) orthogonal to the flow-
guiding direction (22) is constant with respect to the
flow-guiding direction (22).

The interrupter unit (10) according to the previous
claim, wherein with respect to the flow-guiding direc-
tion (22) the further segment with the constant cross-
section area ends at the beginning of the terminal
section (32).

The interrupter unit (10) according to any of claims
10 or 11, wherein the further section comprises a
further subsection, where the flow-guiding direction
(22) of the heating channel (20) exclusively has an
axial component.

The interrupter unit (10) according to any of the pre-
vious claims, wherein the cross-section area of the
heating channel (20) orthogonal to the flow-guiding
direction (20) within the segment (34) with the con-
stant cross-section area has a form (36) correspond-
ing to a lateral surface of a right circular cylinder or
to a lateral surface of a conical frustum, and/or
wherein the cross-section area of the heating chan-
nel (20) orthogonal to the flow-guiding direction (22)
within the further segment with the constant cross-
section area has a form corresponding to a lateral
surface of a conical frustum or to an annulus.

Gas-insulated high or medium voltage device com-
prising an interrupter unit (10) according to any of
the previous claims, and wherein the high or medium
voltage device comprises an arc extinguishing gas.

Gas-insulated high or medium voltage device ac-
cording to the previous claim, wherein the gas-insu-
lated high or medium voltage device is configured
as a circuit breaker and more preferably as a puffer-
type circuit breaker, a self-blast circuit breaker, or a
combined puffer-type and self-blast circuit breaker.
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