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(54) GAS TURBINE WITH A CLEANING DEVICE HAVING PARTICULAR  INJECTORS

(57) A cleaning device (10) for a turbine is described.
The cleaning device (10) includes an injector main body
(11) for injecting cleaning liquid into a flow channel of the
turbine. The injector main body (11) includes a main flow
channel (12). The main flow channel (12) is connected

to one or more first flow channels (121) of respective one
or more first injectors (13). At least one of the one or more
first flow channels (121) includes a curved channel por-
tion (125).
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Description

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate
to cleaning devices for turbines, particularly exhaust gas
turbines or power turbines. Additionally, embodiments of
the present disclosure relate to turbines, e.g. exhaust
gas turbines or power turbines with such a cleaning de-
vice. Further embodiments of the present disclosure re-
late to exhaust gas turbochargers with an exhaust gas
turbine with such a cleaning device.

BACKGROUND

[0002] Exhaust gas turbines are used in exhaust gas
turbochargers for charging internal combustion engines
or as power turbines for converting the energy contained
in the exhaust gases of internal combustion engines into
mechanical or electrical energy.
[0003] Depending on the actual operating situation of
the internal combustion engine and the composition of
the fuels used to drive the internal combustion engine,
typically fouling of the turbine stage, i.e. the turbine
blades on the impeller and the guide vanes of the nozzle
ring, as well as of the various turbine housing parts, occur
in the exhaust gas turbine. Typically, fouling includes
deposition of exhaust gas particles. Such dirt deposits
can lead to a decrease in turbine efficiency in the region
of the nozzle ring. Further, as a result, there may be an
increase in the exhaust gas temperatures in the combus-
tion chamber, whereby both the internal combustion en-
gine and the turbocharger can be thermally overstressed.
In particular, damage or even destruction of the outlet
valves can occur in the internal combustion engine.
[0004] For example, if a dirt layer is deposited on the
nozzle ring and on the turbine blades of a turbocharger
connected to an internal combustion engine, an increase
in the turbocharger rotational speed and consequently in
the boost pressure and the cylinder pressure is to be
expected. As a result, in addition to the increased thermal
load both components of the internal combustion engine
and the turbocharger are also subjected to higher me-
chanical loads, which may lead to destruction of the af-
fected components.
[0005] Further, with irregular distribution of such a dirt
layer on the circumference of the blades of the turbine
wheel, an increase in the imbalance of the rotor may oc-
cur, whereby the bearings of the rotating parts can be
damaged. If there are dirt deposits on the turbine housing
at the outer contour of the flow channel extending radially
outside the turbine blades, contact can occur during op-
eration due to the reduced radial clearance between tur-
bine blades and turbine housing, which can damage the
turbine blades.
[0006] Therefore, in view of the above, the nozzle ring,
turbine blades and affected areas of the turbine housing
must be regularly cleaned during operation.

[0007] In the state of the art, for cleaning exhaust gas
turbines of heavy fuel-operated internal combustion en-
gines from contaminants during operation typically water
is used as a cleaning agent, which is injected via one or
more nozzles upstream of the turbine stage in the ex-
haust stream. It is to be noted that a cleaning effect can
only be achieved in the areas of the exhaust gas turbine
which can be wetted by the cleaning agent. Accordingly,
for a good cleaning performance, a homogeneous distri-
bution of the cleaning agent in the circular or annular
surface at the entrance to the turbine stage must be re-
alized.
[0008] In the context of turbine cleaning systems for
exhaust gas turbines there are several challenges and
to a certain extent opposing targets have to be met. For
instance, the cleaning agent distribution on the nozzle
ring has to be homogenously spread over the whole cir-
cumference. An uneven distribution could lead to uneven
contraction of the turbine casing and in turn to rubbing
contact with the blade tips resulting in wear. Further, the
amount of cleaning agent impinging on walls of the hot
gas path has to be minimized. Applying cleaning agent,
e.g. water, to hot surfaces typically provokes thermal
stresses which can lead to cracks and failure.
[0009] Accordingly, there is a continuing demand for
cleaning devices for interior cleaning of turbines, which
at least partially overcome the problems of the state of
the art and provide for an improved cleaning perform-
ance.

SUMMARY

[0010] In light of the above, a cleaning device for a
turbine according to the independent claim is provided.
Further aspects, advantages, and features are apparent
from the dependent claims, the description, and the ac-
companying drawings.
[0011] According to an aspect of the present disclo-
sure, a cleaning device for a turbine is provided. The
cleaning device includes an injector main body for inject-
ing cleaning liquid into a flow channel of the turbine. The
injector main body includes a main flow channel. The
main flow channel is connected to one or more first flow
channels of respective one or more first injectors. At least
one of the one or more first flow channels includes a
curved channel portion.
[0012] Accordingly, the cleaning device of the present
disclosure is improved compared to conventional clean-
ing devices. In particular, the cleaning device of the
present disclosure beneficially provides for an improved
cleaning liquid distribution resulting in a better cleaning
performance. Further, the cleaning device of the present
disclosure is improved with respect to homogenously
spreading the cleaning liquid, e.g. water, on a nozzle ring
of a turbine.
[0013] According to a further aspect of the present dis-
closure, a turbine, including a cleaning device according
to any of the embodiments described herein is provided.
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For instance, the turbine can be an exhaust gas turbine
or a power turbine. Accordingly, beneficially an improved
turbine, particularly an improved exhaust gas turbine or
a power turbine, can be provided.
[0014] According to another aspect, an exhaust gas
turbocharger including an exhaust gas turbine with a
cleaning device according to any of the embodiments
described herein is provided. Accordingly, an improved
exhaust gas turbocharger can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that the manner in which the above recited
features of the present disclosure can be understood in
detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to
embodiments. The accompanying drawings relate to em-
bodiments of the disclosure and are described in the fol-
lowing:

Fig. 1 shows a schematic sectional view of a turbine
housing of an exhaust gas turbine with a clean-
ing device according to the prior art;

Fig. 2 shows a schematic sectional view of a turbine
housing of an exhaust gas turbine with a clean-
ing device according to embodiments de-
scribed herein;

Fig. 3 shows a front view of a cleaning device accord-
ing to embodiments described herein; and

Fig. 4 shows a sectional view along line A-A indicated
in Fig. 3 of a cleaning device according to em-
bodiments described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Reference will now be made in detail to the var-
ious embodiments, one or more examples of which are
illustrated in each figure. Each example is provided by
way of explanation and is not meant as a limitation. For
example, features illustrated or described as part of one
embodiment can be used on or in conjunction with any
other embodiment to yield yet a further embodiment. It
is intended that the present disclosure includes such
modifications and variations.
[0017] Within the following description of the drawings,
the same reference numbers refer to the same or to sim-
ilar components. Generally, only the differences with re-
spect to the individual embodiments are described. Un-
less specified otherwise, the description of a part or as-
pect in one embodiment can apply to a corresponding
part or aspect in another embodiment as well.
[0018] With exemplary reference to Fig. 1, a cleaning
device 50 according to the prior art is described.
[0019] In particular Fig. 1 shows a schematic sectional
view along the turbine axis of a section of an axial turbine

according to the prior art. The gas inlet casing 1 includes
an outer and an inner housing wall, wherein the inner
housing wall is configured in a calotte shape with a hollow
interior space and which serves as a cover of the hub
body 42 of the turbine wheel 4 opposite the flow channel.
The turbine wheel is provided in the gas outlet housing 2.
[0020] During operation of the exhaust gas turbine, the
hot exhaust gas discharged from the internal combustion
engine is first directed into the gas inlet casing 1 of the
exhaust gas turbine providing an exhaust gas flow having
an approximately circular cross section. The effect of the
inner housing wall is a conversion into an annular exhaust
gas flow with a stagnation point streamline impinging the
inner housing wall in a substantially perpendicular direc-
tion. The annular exhaust gas flow is guided to the turbine
blades 41. The nozzle ring 3 arranged upstream of the
turbine blades 41 has the task of optimally aligning the
exhaust gases with the turbine blades 41 of the turbine
wheel 4. Upstream of the nozzle ring 3, the cleaning de-
vice 50 extending from the inner housing wall of the gas
inlet housing into the flow channel 21 is provided.
[0021] In particular, the cleaning device 50 includes a
nozzle body 5 which projects in the region of the stagna-
tion point streamline from the inner housing wall into the
flow channel 21. The nozzle body includes a plurality of
nozzle openings 51, 52 for injecting a cleaning liquid into
the flow channel 21.
[0022] In particular, the nozzle openings 51 and 52 are
subdivided into two groups of nozzle openings. The first
group of the nozzle openings 52 is arranged downstream
of a throttle point 53. The second group of the nozzle
openings 51 is arranged upstream of the throttle point
53. Due to the throttle point 53, two different pressure
levels may be realized for the cleaning fluid. In particular,
the first group of the nozzle openings 52 can be config-
ured for injecting the cleaning liquid at lower pressure
than the second group of the nozzle openings 51 up-
stream from the throttle 53. The different pressure con-
ditions at the first and second nozzle openings 52 have
the effect that different amounts of cleaning fluid with
different injection velocities can be injected into the flow
channel 21 through the nozzle openings 51, 52.
[0023] With exemplary reference to Figs. 2 to 4, a
cleaning device 10 for a turbine according to the present
disclosure is described. According to embodiments
which can be combined with other embodiments de-
scribed herein, the cleaning device 10 includes an injec-
tor main body 11 for injecting cleaning liquid into a flow
channel of the turbine. As exemplarily shown in Fig. 4,
the injector main body 11 includes a main flow channel
12. For instance, as exemplarily shown in Fig. 2, the in-
jector main body 11 can be mounted to the inlet casing
1 (calotte) of the turbine. The main flow channel 12 is
connected to one or more first flow channels 121 of re-
spective one or more first injectors 13. For instance, the
one or more first injectors 13 can be low pressure injec-
tors. At least one of the one or more first flow channels
121 includes a curved channel portion 125, as exempla-
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rily shown in Fig. 4.
[0024] It is to be understood that the curved channel
portion 125 can include a bending in one, two or three
dimensions. In other words, the curved channel portion
125 can be bent in the x-direction and/or the y-direction
and/or the z-direction. Further, in the case that two or
more first injectors 13 are provided, the respective curved
channel portions 125 of the respective first flow channels
121 can be different. Accordingly, it is to be understood
that the one or more first flow channels 121 can be indi-
vidually bent in one, two or three dimensions, e.g. by
respective curved channel portions. Although not explic-
itly shown, it is to be understood that the one or more
first flow channels 121 may include two or more curved
channel portions.
[0025] Accordingly, compared to the state of the art,
the cleaning device of the present disclosure beneficially
provides for a cleaning device design with an improved
cleaning liquid distribution resulting in a better cleaning
performance. In particular, the cleaning device according
to embodiments described herein is improved with re-
spect to homogenously spreading the cleaning liquid.
[0026] With exemplary reference to Figs. 2 to 4, ac-
cording to embodiments which can be combined with oth-
er embodiments described herein, the main flow channel
12 can be connected to one or more second flow chan-
nels 122 of respective one or more second injectors 14.
For instance, the one or more second injectors 13 can
be high pressure injectors. In particular, the one or more
second injectors can be directly connected to the main
flow channel, such that the one or more second injectors
can be directly fed through a plenum.
[0027] From Figs. 2 to 4 it is to be understood that,
typically the cleaning liquid, e.g. water, enters the clean-
ing device at the entrance of the main flow channel of
the of the injector main body, in particular at a high pres-
sure level. Subsequently, the cleaning liquid is further
distributed by the one or more first injectors 13 and/or
the one or more second injectors 14 to the respective
injection openings from which the cleaning liquid is in-
jected into the flow channel 21 of the turbine. As a non-
limiting example, Fig. 3 shows a design of the cleaning
device having six low pressure injectors 13 and five high
pressure injectors 14, of which three high pressure injec-
tors 14 can be seen in the perspective of Fig. 3. However,
it is to understood that the cleaning device may include
various numbers low pressure injectors and/or high pres-
sure injectors.
[0028] Accordingly, the cleaning device as described
herein can be configured for providing cleaning liquid jets
of different pressure levels. In particular, in order to en-
sure the required high cleaning liquid penetration for
cleaning the nozzle ring, e.g. in certain areas of the gas
stream upstream of the nozzle ring, the cleaning device
as described herein is beneficially configured for provid-
ing high pressure jets of cleaning liquid to the nozzle ring.
Additionally, the cleaning device is configured for provid-
ing low pressure jets of cleaning liquid to areas where

low pressure injection is beneficial for obtaining good
cleaning results.
[0029] As exemplarily shown in Fig. 4, according to
embodiments which can be combined with other embod-
iments described herein, the one or more first flow chan-
nels 121 end in respective one or more first injection
openings 131. At least one of the respective one or more
first injection openings 131 provide for an injection direc-
tion 102 deviating from a main flow direction 101 in the
main flow channel 12 by an deviation angle α of α ≥ 15°.
For instance, the deviation angle α can be selected from
the group consisting of α ≥ 25°, α ≥ 35°, α ≥ 45°, α ≥ 45°,
α ≥ 55°, α ≥ 65°, α ≥ 75°, α ≥ 85°, α ≥ 95°, α ≥ 105°; α ≥
115°, and α ≥ 125°.
[0030] According to embodiments which can be com-
bined with other embodiments described herein, two or
more of the first injection openings 131 may provide for
different, i.e. individual, injection directions. In other
words, at least one first injection opening 131 may be
configured for providing an injection direction deviating
from the main flow direction in the main flow channel 12
by a deviation angle α1 while at least one other first in-
jection opening 131 may be configured for providing a
different deviation angle α2. Accordingly, it is to be un-
derstood, that two or more first injection openings may
be configured for providing individual injection directions.
[0031] According to embodiments which can be com-
bined with other embodiments described herein, the flow
cross-section of the first injection openings 131 may in-
dividually be designed. In other words, at least two flow
cross-sections of the respective first injection openings
131 may have a different flow cross-section, respectively.
[0032] According to embodiments which can be com-
bined with other embodiments described herein, the
cross-section of the one or more first flow channels 121
can be circular or elliptical or completely free. In partic-
ular, at least one of the one or more first flow channels
121 includes an interior freeform surface.
[0033] A freeform surface can be understood as a sur-
face which does not have radial dimensions, unlike reg-
ular surfaces such as planes, cylinders or conic surfaces.
For instance, freeform surfaces can be given by an array
of control point and a mathematical model defining the
way the surface is created. In particular, based on the
mathematical model free form surfaces can be divided
in interpolation free form surfaces and approximation free
form surfaces. In the case of interpolation free form sur-
faces, the surface is passing through predefined control
points. Approximation free form surfaces can include
(non) rational bézier surfaces, and (non) rational (non)
uniform b-spline surfaces.
[0034] According to embodiments which can be com-
bined with other embodiments described herein, at least
one of the one or more first flow channels 121 is con-
nected with the main flow channel 12 via an orifice 15.
Typically, the cross-section of the orifice 15 is smaller
than a flow cross-section of the at least one first flow
channel 121. Accordingly, the respective orifice 15 at the
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entrance of the one or more first flow channels 121 can
be configured to reduce the cleaning liquid pressure level
to an intended level. The respective orifices can individ-
ually be designed with respect to the flow cross-sectional
area and/or with respect to the cross-sectional shape,
e.g. circular, elliptical, free form or any other suitable
shape.
[0035] As exemplarily shown in Fig. 4, according to
embodiments which can be combined with other embod-
iments described herein, at least one of the one or more
first flow channels 121 includes a guide vane 16. In par-
ticular, the guide vane 16 may be provided in the curved
channel portion 125 of the one or more first flow channels
121. Providing guide vanes in the one or more first flow
channels can be beneficial for improving flow guidance
or even ensuring optimal flow guidance in the first flow
channels. Additionally or alternatively, other flow features
such as ribs or dimples can be provided in at least one
of the one or more first flow channels 121 for flow guid-
ance optimization.
[0036] With exemplary reference to Fig. 4, according
to embodiments which can be combined with other em-
bodiments described herein, at least one of the one or
more second flow channels 122 includes a conical sec-
tion 123 having an enlarged flow cross-section at the
connection with the main flow channel 12. Accordingly,
flow guidance into the one or more second flow channels
122 can be improved.
[0037] Further, as exemplarily shown in Fig. 4, accord-
ing to embodiments which can be combined with other
embodiments described herein, at least one of the one
or more second flow channels includes a cylindrical sec-
tion 124 ending in a second injection opening 132. Ac-
cordingly, the one or more second flow channels 122 end
in respective one or more second injection openings 132.
The one or more second pressure injection openings 132
may also be referred to a as high pressure injection open-
ings. For instance, the cylindrical section 124 may have
a length to diameter ratio L/D of 1 ≤ L/D ≤ 4, particularly
2 ≤ L/D ≤ 3, e.g. L/D =2.5 6 0.25. Providing the one or
more second flow channels with a cylindrical section can
be beneficial for ensuring an optimal spray profile.
[0038] With exemplary reference to Fig. 4, according
to embodiments which can be combined with other em-
bodiments described herein, at least one inlet section of
the one or more second flow channels 122 may include
a guide vane 16. In particular, the guide vane 16 may be
provided at an inlet section of the conical section 123 of
the one or more second flow channels 122. Providing
guide vanes at the inlet section of the one or more second
flow channels 122 can be beneficial for improving flow
guidance or even ensuring optimal flow guidance at the
entrance of the second flow channels. Additionally or al-
ternatively, other flow features such as ribs or dimples
can be provided at the entrance of or inside at least one
of the one or more second flow channels 122 for flow
guidance optimization.
[0039] According to embodiments which can be com-

bined with other embodiments described herein, at least
one of the one or more second flow channels 122 may
include an interior freeform surface.
[0040] As exemplarily shown in Fig. 4, according to
embodiments which can be combined with other embod-
iments described herein, at least one of the respective
one or more second injection openings 132 provide for
an injection direction 103 deviating from a main flow di-
rection 101 in the main flow channel 12 by a deviation
angle β of β ≥ 15°. For instance, the deviation angle β
can be selected from the group consisting of β ≥ 25°, β
≥ 35°, β ≥ 45°, β ≥ 45°, β ≥ 55°, β ≥ 65°, β ≥ 75°, β ≥ 85°,
β ≥ 95°, β ≥ 105°; β ≥ 115°, and β ≥ 125°.
[0041] According to embodiments which can be com-
bined with other embodiments described herein, two or
more of the second injection openings 132 may provide
for different, i.e. individual, injection directions. In other
words, at least one second injection opening 132 may
be configured for providing an injection direction deviat-
ing from the main flow direction in the main flow channel
12 by a deviation angle β1 while at least one other second
injection opening 132 may be configured for providing a
different deviation angle β2. Accordingly, it is to be un-
derstood, that two or more second injection openings
may be configured for providing individual injection di-
rections.
[0042] According to embodiments which can be com-
bined with other embodiments described herein, the flow
cross-section of the second injection openings 132 may
individually be designed. In other words, at least two flow
cross-sections of the respective second injection open-
ings 132 may have a different flow cross-section, respec-
tively.
[0043] According to embodiments which can be com-
bined with other embodiments described herein, the one
or more first flow channels 121 include a number N1 ≥2
of first flow channels 121. For instance, the number N1
of first flow channels 121 can be selected from the group
consisting of: N1=2, N1=3, N1=4, N1=5, N1=6, N1=7,
N1=8, N1=9, N1=10 and N1>10. Further, it is to be under-
stood that the number N1 of first flow channels can be
selected from the group consisting of: N1≥2, N1≥3, N1≥4,
N1≥5, N1≥6, N1≥7, N1≥8, N1≥9, and N1≥10.
[0044] According to embodiments which can be com-
bined with other embodiments described herein, the
number N1 of first flow channels 121 can include individ-
ually designed interior freeform surfaces.
[0045] According to embodiments which can be com-
bined with other embodiments described herein, the
number N1 of first flow channels 121 are connected with
the main flow channel 12 via a respective number of or-
ifices 15. In particular, at least two of the orifices 15 have
a different flow cross-section. In particular, the orifices
15 may be designed individually to provide for an indi-
vidual pressure drop and an individual water flow rate.
[0046] According to embodiments which can be com-
bined with other embodiments described herein, the one
or more second flow channels 122 include a number N2
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of second flow channels selected from the group consist-
ing of: N2=2, N2=3, N2=4, N2=5, N2=6, N2=7, N2=8, N2=9,
N2=10 and N2>10. Further, it is to be understood that the
number N2 of second flow channels can be N2≥2, N2≥3,
N2≥4, N2≥5, N2≥6, N2≥7, N2≥8, N2≥9, and N2≥10.
[0047] As exemplarily shown in Figs. 2 to 4, according
to embodiments which can be combined with other em-
bodiments described herein, the one or more second flow
channels 122 can be shorter than the one or more first
flow channels 121. Alternatively, the one or more second
flow channels 122 can be longer than the one or more
first flow channels 121 or of equal length.
[0048] According to embodiments which can be com-
bined with other embodiments described herein, the
cleaning device is at least partially produced by additive
manufacturing. In particular, employing additive manu-
facturing has the advantage that complex or extraordi-
nary design features, e.g. free form shapes and surfaces,
can be produced in an easy and cost-efficient manner.
Further, additive manufacturing can be beneficial for pro-
ducing the cleaning device with individually designed in-
jectors, e.g. injectors having individually designed flow
channels including individual free form geometries, par-
ticularly individual interior freeform surfaces.
[0049] In particular, the cleaning device as described
herein can be designed and manufactured by combining
enhanced methodologies in CFD (computational fluid dy-
namics) design with the benefits of additive manufactur-
ing. Free form shapes of the individual channels which
distribute the cleaning liquid to the injection openings al-
low for optimal flow guidance, reduce recirculation zones
and provide for an intact and optimal flow profile at the
injection openings of the jet of cleaning liquid in the tur-
bine casing.
[0050] More specifically, the cleaning device as de-
scribed herein can be designed with a closed-loop proc-
ess between CFD simulation and CAD (computer-aided
design) tools, which helps to optimize the flow- and in-
jections characteristics of the cleaning device. For in-
stance, with the CFD simulation the cleaning liquid dis-
tribution on the turbine casing and nozzle ring can be
assessed and the pressure drop of the individual chan-
nels inside the cleaning device can be calculated. With
this information at hand, the geometry can be changed
and then re-assessed with CFD. Accordingly, after sev-
eral design loops an optimal geometry of the cleaning
device can be determined.
[0051] According to embodiments which can be com-
bined with other embodiments described herein, at least
one element of the cleaning device selected form the
group consisting of: at least one of the one or more first
injectors 13, particularly the one or more first flow chan-
nels 121; at least one of the one or more second injectors
14, particularly the one or more second flow channels
122; and the injector main body 11, particularly the main
flow channel 12; can be produced by additive manufac-
turing.
[0052] Further, it is to be understood that the cleaning

device may also at least partially be produced by con-
ventional machining techniques, such as drilling, milling,
welding or others. For instance, the cleaning device may
include at least one element or component produced by
additive manufacturing, e.g. the one or more first flow
channels 121, whereas the remaining elements or com-
ponents of the cleaning device can be produced by con-
ventional machining techniques.
[0053] In view of the embodiments described herein,
it is to be understood that compared to the state of the
art an improved cleaning device for turbines, particularly
for exhaust gas turbines or a power turbines, is provided.
In particular, embodiments of the present disclosure ben-
eficially provide for an improved cleaning liquid distribu-
tion resulting in a better cleaning performance. Further,
embodiments of the present disclosure are improved with
respect to homogenously spreading the cleaning liquid,
e.g. water, on a nozzle ring of a turbine. Further, embod-
iments of the present disclosure are beneficially config-
ured for providing cleaning liquid jets of different pressure
levels. In particular, in order to ensure the required high
cleaning liquid penetration for cleaning the nozzle ring,
e.g. in certain areas of the gas stream upstream of the
nozzle ring, embodiments of the present disclosure are
beneficially configured for providing high pressure jets of
cleaning liquid to the nozzle ring. Additionally, embodi-
ments of the present disclosure are beneficially config-
ured for providing low pressure jets of cleaning liquid to
areas where low pressure injection is beneficial for ob-
taining good cleaning results.
[0054] According to a further aspect of the present dis-
closure, a turbine is provided. In particular, the turbine of
the present disclosure, e.g. an exhaust gas turbine or a
power turbine, includes a cleaning device according to
any of the embodiments described herein is provided.
Accordingly, compared to conventional turbines, the em-
bodiments of the turbine as described herein provide for
a turbine which can be cleaned more effectively.
[0055] According to another aspect, an exhaust gas
turbocharger is provided. In particular, exhaust gas tur-
bocharger of the present disclosure includes an exhaust
gas turbine with a cleaning device according to any of
the embodiments described herein is provided. Accord-
ingly, compared to conventional, exhaust gas turbo-
chargers, the embodiments of the exhaust gas turbine
as described herein can be cleaned more effectively.
[0056] While the foregoing is directed to embodiments,
other and further embodiments may be devised without
departing from the basic scope, and the scope is deter-
mined by the claims that follow.

REFERENCE NUMBERS

[0057]

1 gas inlet casing
2 gas outlet casing
3 nozzle ring
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4 turbine wheel
41 turbine blades
42 hub body of the turbine wheel
45 turbine shaft
50 prior art cleaning device
5 nozzle body of prior art cleaning device
51 high-pressure nozzle openings
52 low-pressure nozzle openings
53 throttle point (constriction)
6 feed line for supplying cleaning fluid
10 cleaning device
101 main flow direction
102 injection direction of low pressure injectors
103 injection direction of high pressure injectors
11 injector main body
12 main flow channel
121 one or more first flow channels
122 one or more second flow channels
123 conical section
124 cylindrical section
125 curved channel portion
13 one or more first injectors
131 first injection openings
132 second injection openings
14 one or more second injectors
15 orifice
16 guide vane
21 flow channel of turbine
α deviation angle of injection direction of low pres-

sure injectors with respect to main flow direction
β deviation angle of injection direction of high pres-

sure injectors with respect to main flow direction
L length of cylindrical section
D diameter of cylindrical section
N1 number of first flow channels
N2 number of second flow channels

Claims

1. A cleaning device (10) for a turbine, comprising an
injector main body (11) for injecting cleaning liquid
into a flow channel of the turbine, the injector main
body (11) comprising a main flow channel (12), the
main flow channel (12) being connected to one or
more first flow channels (121) of respective one or
more first injectors (13), wherein at least one of the
one or more first flow channels (121) comprises a
curved channel portion (125).

2. The cleaning device (10) according to claim 1,
wherein the one or more first flow channels (121)
end in respective one or more first injection openings
(131), wherein at least one of the respective one or
more first injection openings (131) provide for an in-
jection direction (102) deviating from a main flow di-
rection (101) in the main flow channel (12) by an
deviation angle α of α ≥ 15°.

3. The cleaning device (10) according to claim 1 or 2,
wherein at least one of the one or more first flow
channels (121) comprises an interior freeform sur-
face.

4. The cleaning device (10) according to any of claims
1 to 3, wherein at least one of the one or more first
flow channels (121) is connected with the main flow
channel (12) via an orifice (15), wherein a flow cross-
section of the orifice (15) is smaller than a flow cross-
section of the at least one first flow channel (121).

5. The cleaning device (10) according to any of claims
1 to 4, wherein at least one of the one or more first
flow channels (121) comprises a guide vane (16).

6. The cleaning device (10) according to any of claims
1 to 4, the main flow channel (12) being connected
to one or more second flow channels (122) of re-
spective one or more second injectors (14).

7. The cleaning device (10) according to claim 6,
wherein at least one of the one or more second flow
channels (122) comprises a conical section (123)
having an enlarged flow cross-section at the connec-
tion with the main flow channel (12).

8. The cleaning device (10) according to claim 6 or 7,
wherein at least one of the one or more second flow
channels (122) comprises a cylindrical section (124)
ending in a second injection opening (132).

9. The cleaning device (10) according to claim 8,
wherein the cylindrical section (124) has a length to
diameter ratio L/D of 1 ≤ L/D ≤ 4, particularly 2 ≤ L/D
≤ 3, particularly L/D =2.5 6 0.25.

10. The cleaning device (10) according to any of claims
1 to 9, wherein the one or more first flow channels
(121) comprise a number N1 of first flow channels
(121) being N1 >2, and the number N1 of first flow
channels (121) comprising individually designed in-
terior freeform surfaces.

11. The cleaning device (10) according to any of claims
1 to 10, wherein the one or more first flow channels
(121) comprise a number N1 of first flow channels
(121) being N1 >2, wherein the number N1 of first
flow channels (121) are connected with the main flow
channel (12) via a respective number of orifices (15),
wherein at least two of the orifices (15) have a dif-
ferent flow cross-section.

12. The cleaning device (10) according to any of claims
1 to 11, wherein the one or more first flow channels
(121) comprise a number N1 of first flow channels
(121) being selected from the group consisting of:
N1=2, N1=3, N1=4, N1=5, N1=6, N1=7, N1=8, N1=9,
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N1=10 and N1>10.

13. The cleaning device (10) according to any of claims
6 to 12, wherein at least one inlet section of the one
or more second flow channels (122) comprises a
guide vane (16).

14. The cleaning device (10) according to any of claims
6 to 13, wherein a number N2 of second flow chan-
nels (122) being selected from the group consisting
of: N2=2, N2=3, N2=4, N2=5, N2=6, N2=7, N2=8,
N2=9, N2=10 and N2>10.

15. The cleaning device (10) according to any of claims
1 to 13, wherein the cleaning device is at least par-
tially produced by additive manufacturing.

16. A turbine, particularly an exhaust gas turbine or a
power turbine, comprising a cleaning device accord-
ing to one of claims 1 to 14.

17. An exhaust gas turbocharger, comprising an ex-
haust gas turbine with a cleaning device according
to one of claims 1 to 14.
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