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chamber(212). A gas-mixing device (214) defines a channel (305) for receiving hot gas from the nozzle (213). The gas-mixing
device (214) comprising a swirl-inducing feature for causing gas from the chamber (212) to be drawn into the channel (305) with a
swirling effect when hot gas from the nozzle(213) Iis Iinjected into the channel (305).
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ANTI-ICING SYSTEM FOR AN AIRCRAFT

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to US Patent Application no. 61/895,450, filed
October 25, 2013, the disclosure of which 1s incorporated by reference herein in 1ts

entirety.

FIELD OF THE INVENTION

An aspect of the invention relates to an anti-icing system. The anti-icing
system may be applied in, for example, an aircraft, in particular for preventing ice
formation on an inlet lip skin of an engine nacelle. Other aspects of the invention relate to

an aircraft and a method of anti-icing an aircraft.

BACKGROUND OF THE INVENTION

Aircraft parts may be subject to 1ce formation, 1in particular forward-facing
surfaces. For example, 1ce may form on an inlet lip skin of an engine nacelle during flight.
Ice that has formed on an aircraft part may alter aerodynamic properties of the aircraft and
increase aircraft weight. This may lead to an increase 1n fuel consumption or require a
different control of the aircraft, or both. Most severely, 1ce formation may lead to a loss of
control over the aircraft. Moreover, a piece of ice that has formed may break off and
damage an aircraft part. Such damage may then lead to one of the aforementioned
consequences.

An aircraft 1s advantageously provided with an anti-icing system to prevent
1ce formation on one or more aircraft parts. In general, an anti-icing system heats an
aircraft part that may be subject to ice formation, so as to prevent the latter. For that
purpose, an anti-icing system may use hot compressed air that can be bled off from a
turbine engine. A gas flow path conveys this hot compressed air toward the aircraft part
that needs to be heated in order to prevent 1ce-formation.

An anti-1cing system may comprise a so-called piccolo duct arranged along
an inner surface of the aircraft part that requires anti-icing. The compressed hot air that has
been bled off 1s applied to the piccolo duct. The piccolo duct comprises a plurality of
relative small outlets that project the compressed hot air to the inner surface, which causes
heating of the aircraft part that requires anti-icing. However, a piccolo duct adds weight to

the aircraft, which causes an increase in fuel consumption.
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Patent publication US 4,688,745 describes an anti-icing system for an
annular housing at a leading edge of a jet engine. Hot gases, such as air from a hot, high
pressure section of the jet engine are directed through a conduit, which enters the annular
housing through a bulkhead. The conduit then turns about 90° to a direction tangential to a
leading edge annulus. The hot gases that exit the conduit entrain cooler air 1in the annular

housing, causing a larger mass of air to swirl circularly around the annular housing.

SUMMARY OF THE INVENTION

There 1s a need for a solution that allows improved anti-icing efficiency.

In accordance with an aspect of the invention there 1s provided an anti-icing
system for use within a chamber having an exterior wall of which an outer surface can be
subject to 1ce formation, the anti-icing system comprising:

- a nozzle arranged to 1nject hot gas within the chamber; and

- a gas-mixing device defining a channel for receiving hot gas from the
nozzle, the gas-mixing device comprising a swirl-inducing feature for causing gas from the
chamber to be drawn 1nto the channel with a swirling eftfect when hot gas from the nozzle
1s 1njected 1nto the channel.

In such an anti-icing system, the swirling effect contributes to uniformly
mixing the hot gas that the nozzle injects with the gas from the chamber that 1s drawn 1nto
the airflow channel. This, 1n turn, contributes to a moving mass of air in the chamber that
has a more uniform temperature distribution. As a result, the exterior wall that requires
anti-icing may be more uniformly heated. A smaller quantity of hot gas may then be
sufficient to achieve a desired anti-icing effect. Anti-icing efficiency may therefore be
improved. In an aircraft where the hot gas 1s bled off from an engine, this can improve fuel
efficiency.

Furthermore, 1ce formation may be reduced without a substantial penalty 1n
terms of increased weight. An anti-icing system 1n accordance with the invention can be
relatively lightweight, in particular compared with an anti-icing system that comprises a
piccolo duct, which adds weight to an aircraft.

The swirl-inducing feature may comprise a profiled inlet of the gas-mixing
device. The profiled inlet may comprise triangular-shaped recesses. The triangular-shaped

recesses may be uniformly distributed around the profiled inlet.
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The swirl-inducing feature may comprise at least one fin located within the

channel. The at least one fin may comprise a curved shape.

The gas-mixing device may comprise a mounting sleeve for mounting the

gas-mixing device on the nozzle.

The swirl-inducing feature may comprise multiple fins positioned between
the mounting sleeve and an inner surface of the channel. The multiple fins may be

positioned 1n an equidistant manner around the mounting sleeve.

The airflow channel may have a converging section that extends from an

inlet toward an outlet of the gas-mixing device.

The converging section of the airflow channel may be followed by a

diverging section in a direction toward the outlet.

The 1inlet may have a diameter that 1s superior to that of the outlet.

Another aspect of the present invention provides an aircraft comprising the

anti-icing system as defined hereinbefore.

The aircraft may comprise:
an arrangement for bleeding off compressed hot air from a turbine engine;
and a gas flow path for leading the compressed hot air to the nozzle, whereby the

compressed hot air that 1s led to the nozzle constitutes the hot gas.

The chamber may be an annular chamber 1n an 1nlet section of an engine

nacelle, the exterior wall being an inlet lip skin of the engine nacelle.

Yet another aspect of the present invention provides a method of anti-icing
an aircraft part, the aircraft part comprising a chamber having an exterior wall of which an
outer surface can be subject to ice formation, the method comprising:

- 1njecting hot gas from a nozzle into the chamber;
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- receiving the hot gas from the nozzle within a channel of a gas-mixing
device, the gas-mixing device comprising a swirl-inducing feature for causing gas from the
chamber to be drawn 1nto the channel with a swirling effect when hot gas from the nozzle

1s 1njected 1nto the channel.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustration, a detailed description of some embodiments

of the invention 1s presented with reference to accompanying drawings.

FIG. 1 1s a schematic diagram that illustrates an aircraft as seen from a top
VIEW.

FIG. 2 1s a schematic diagram that 1llustrates a cross-section of an engine of
the aircraft.

FIG. 3 1s a schematic diagram that illustrates a cross-section of an inlet
section of a nacelle of the engine, which 1s provided with an anti-icing system.

FIGS. 4-6 are schematic diagrams that illustrate a first gas-mixing device in
the anti-icing system seen from a perspective view, a side view, and a front view,
respectively.

FIGS. 7-9 are schematic diagrams that illustrate an alternative first gas-
mixing device seen from a perspective view, a side view, and a front view, respectively.

FIGS. 10-12 are schematic diagrams that illustrate a second gas-mixing
device seen from a first perspective view, a second perspective view, and a front view,

respectively.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates an aircraft as seen from a top view. The

aircraft 100 comprises a fuselage 101 and two main wings, one on each side of the fuselage
101, a left wing 102 and a right wing 103. The left wing 102 1s provided with a turbine
engine 104. The turbine engine 104 1s suspended from the left wing 102 by means of a
pylon 105. The same applies to the right wing 103.

FIG. 2 schematically illustrates a cross section of the turbine engine 104

taken along a cut line A-B indicated 1in FIG. 1. The turbine engine 104 comprises a nacelle

201. A fan 202 and an engine core 203 are located in the nacelle 201. A bypass duct 204



10

15

20

235

30

CA 02928267 2016-04-20

WO 2015/059489 PCT/GB2014/053174

S

surrounds the engine core 203. The engine core 203 comprises a compressor assembly 205
and a combustor 206.

The engine core 203 1s provided with a bleed off-take arrangement 207 that
has an 1nlet and outlet. The 1nlet 1s located between the compressor assembly 205 and the
combustor 206. The outlet of the bleed off-take arrangement 207 1s coupled to a gas flow
path 208. The gas flow path 208 may comprise several ducts, several controllable valves,
and, 1n some embodiments, a cooling device. This cooling device may be a heat exchanger
that 1s located 1n the bypass duct 204 1n the turbine engine 104.

The nacelle 201 comprises an inlet section 209 that has an 1nlet lip skin 210
and a bulkhead 211 located behind the inlet lip skin 210. The 1nlet lip skin 210 constitutes
a leading edge of the nacelle 201. The inlet lip skin 210 and the bulkhead 211 define a
chamber 212 that has an annular shape. This chamber will be referred to as leading edge
chamber 212 hereinafter. The inlet lip skin 210 constitutes an exterior wall of the leading
edge chamber 212. The bulkhead 211 constitutes an interior wall of the leading edge
chamber 212. The terms “exterior” and “interior” relate to the turbine engine 104 and,
more particularly, to the nacelle 201 thereof.

A nozzle 213 1s located 1n the leading edge chamber 212 of the nacelle 201.
A gas-mixing device 214 1s mounted on the nozzle 213. The nozzle 213 1s coupled to the
bleed off-take arrangement 207 1n the turbine engine 104 by means of the gas flow path
208. To that end, the gas flow path 208 may comprise a particular branch that couples the
nozzle 213 to the bleed off-take arrangement 207

FIG. 3 schematically 1llustrates a cross section of the inlet section 209 of the

nacelle 201 taken along a cut line C-D indicated in FIG. 2. The inlet lip skin 210 has an
outer surface 301, which can be subject to 1ce formation, and an inner surface 302, which
delimits the leading edge chamber 212. The 1nlet section 209 of the nacelle 201 1s provided
with an anti-icing system 303 within the leading edge chamber 212, which 1s defined by
the 1nlet lip skin 210 and the bulkhead 211.

The anti-icing system 303 comprises the nozzle 213, which 1s located 1n the
leading edge chamber 212, and the gas-mixing device 214 that 1s mounted on the nozzle
213. The nozzle 213 has an injection axis 304 that may be substantially parallel to the inlet
lip skin 210. The gas-mixing device 214 defines an airflow channel 305 within the leading
edge chamber 212 1n which the nozzle 213 1s located. This airflow channel 305 has a

longitudinal center axis that may substantially coincide with the injection axis 304 of the
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nozzle 213. It should be noted that FIG. 3 illustrates the gas-mixing device 214 1n a purely
schematic way, disregarding a particular form that the gas-mixing device 214 may have.

In operation, the engine core 203 internally produces compressed hot air,
which 1s available at the inlet of the bleed off-take arrangement 207. A portion of this
compressed hot air flows into the gas flow path 208 and reaches the nozzle 213 1n the
leading edge chamber 212. The nozzle 213 injects the compressed hot air along the inner
surface 302 of the inlet lip skin 210. This causes a mass of air to circulate in the leading
edge chamber 212, at least partially along the inner surface 302 of the lip skin. This
circulating mass of air has a relatively high temperature thanks to the compressed hot air
that 1s injected. The circulating mass of air heats the inlet lip skin 210, which provides an
anti-icing effect. This helps to prevent ice formation on the inlet lip skin 210 of the nacelle
201.

More precisely, the nozzle 213 injects the compressed hot air 1n the airflow
channel 305 that the gas-mixing device 214 defines, toward an outlet thereof. The gas-
mixing device 214 has a shape that creates a low-pressure at an inlet, which 1s opposite to
the outlet, when the nozzle 213 1njects the compressed hot air into the airflow channel 305.
This low pressure at the inlet draws air from the leading edge chamber 212 into the airflow
channel 305. In the airflow channel 305, this air from the leading edge chamber 212 1s
caused to enter the channel 305 1n a swirling fashion such that 1t mixes with the
compressed hot air that the nozzle 213 1njects. This mixing provides a relatively hot air
mixture. The gas-mixing device 214 1njects this relatively hot air mixture into the leading
edge chamber 212 1n a direction along the inlet lip skin 210 and the inner surface 302
thereof.

More specifically, the gas-mixing device 214 has a swirl-inducing feature
that gives a swirling effect to the air from the leading edge chamber 212 that 1s drawn 1nto
the airflow channel 305. This swirling effect contributes to a uniform mixing of the
compressed hot air that the nozzle 213 1njects with the air from the leading edge chamber
212 that 1s drawn 1nto the airflow channel 305. Accordingly, the swirling effect, which
occurs within the airflow channel 305, contributes to a uniform temperature distribution in
the relatively hot air mixture that the gas-mixing device 214 injects into the leading edge
chamber 212. Therefore, the swirling effect contributes to a uniform temperature
distribution 1n the mass of air that circulates in the leading edge chamber 212.

In sum, the gas-mixing device 214 contributes to a heating of the inlet lip

skin 210 that 1s relatively uniform. This, 1n turn, contributes to efficient anti-icing. A
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relatively small quantity of the compressed hot air, which 1s bled off from the turbine
engine 104, can be sufficient to achieve a desired anti-icing effect. This contributes to fuel
efficiency. Moreover, the anti-icing system 303 can be relatively lightweight, which further
contributes to fuel efficiency.

The gas-mixing device 214 may have a diameter comprised between, for
example, 1 inch and 4 inches, and a length comprised between, for example, 2 inches and 8
inches. That 1s, the gas-mixing device 214 may have a diameter comprised between, for
example, 25 and 100 millimeters, and a length comprised between, for example, 50 and
200 millimeter. These dimensions can specifically apply to aircraft applications, among
other possibilities. It should be appreciated that these dimensions are given for example
only, and that other dimensions are possible without departing from the present invention.

The gas-mixing device 214 may be at least partially formed of one or more
materials such as, for example, Inconel™ type alloys, stainless steel, or titanium; Inconel
being a trademark of Special Metals Corporation.

The swirl-inducing feature of the gas-mixing device 214 may take numerous
forms such as, for example, a shape, one or more fins, or a profiled inlet, or any
combination of these. Some examples will be provided hereinafter.

FIGS. 4-6 schematically 1llustrate a first embodiment of the gas-mixing

device 214 which will be referred to as first gas-mixing device 400 hereinafter for reasons
of convenience. FIG. 4 schematically illustrates a perspective view of the first gas-mixing
device 400. FIG. 5 schematically 1llustrates a side view of the first gas-mixing device 400.
FIG. 6 schematically 1llustrates a front view of the first gas-mixing device 400.

The first gas-mixing device 400 1s in the form of a sleeve-like structure,
which comprises a main sleeve 401. An inner surface 402 of the main sleeve 401 defines
an airflow channel. The first gas-mixing device 400 further comprises a mounting sleeve
403 for mounting the first gas-mixing device 400 on a nozzle, such as the nozzle 213
1llustrated 1n FIGS. 2 and 3. The main sleeve 401 1s fixed to the mounting sleeve 403 by
means of various fixation fins 404.

The mounting sleeve 403 1s located at an inlet 405 of the first gas-mixing
device 400. In more detail, FIG. 5 schematically indicates an inlet plane 501 defined by
various extremities of the inlet 4035 of the first gas-mixing device 400. The mounting
sleeve 403 may be substantially located in this inlet plane 501 as illustrated in FIG. 3,

although other locations are possible.
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The first gas-mixing device 400 has an outlet 406 that 1s opposite to the inlet
405. The airflow channel extends between the 1nlet 405 and the outlet 406. The 1nlet 405
has a diameter that 1s superior to that of the outlet 406. The first gas-mixing device 400 can
be mounted on a nozzle, via the mounting sleeve 403, such that the nozzle can inject hot
ogas, which may have a supra-atmospheric pressure, into the airflow channel toward the
outlet 406.

The main sleeve 401 1s shaped so that the airflow channel has a converging
section 502 that extends from the inlet 405 toward the outlet 406. The converging section
502 1s followed by a diverging section 503 1n a direction toward the outlet 406. The
diverging section 503 can extend up to the outlet 406. The airflow channel thus provides a
converging action that 1s followed by a diverging action.

The converging action, which the converging section 502 provides, causes
air to be drawn 1nto the airflow channel when the nozzle 1njects hot gas into the airflow
channel, as mentioned hereinbefore. Since the diameter of the inlet 405 1s superior to that
of the outlet 406, the converging action 1s stronger than the diverging action.

More specifically, the inlet 405 1s profiled: the main sleeve 401 comprises
various recesses 601 at the inlet 405. These recesses 601 can be triangular shaped as
illustrated 1n FIGS. 4-6, although other shapes are possible. Moreover, the recesses 601 are
uniformly distributed around the 1nlet 405 of the first gas-mixing device 400. The recesses
601 cause the air that 1s drawn 1nto the airflow channel to have a swirling effect. This
swirling effect contributes to a more uniform mixing within the channel of the gas from the
chamber with the hot air injected into the channel by the nozzle. This uniform mixing helps
to achieve a relatively high anti-icing efficiency and, therefore, fuel economy, as explained
hereinbefore.

FIGS. 7-9 schematically illustrate an alternative to the first embodiment of

the gas-mixing device, which will be referred to as alternative first gas-mixing device 700
hereinafter for reasons of convenience. FIG. 7 schematically illustrates a perspective view
of the alternative first gas-mixing device 700. FIG. 8 schematically 1llustrates a side view
of the alternative first gas-mixing device 700. FIG. 9 schematically 1llustrates a front view
of the alternative first gas-mixing device 700.

The alternative first gas-mixing device 700 1s stmilar to the first gas-mixing
device 400. Therefore, like elements are denoted by 1dentical reference signs. A difference
1s that the alternative first gas-mixing device 700 comprises more recesses 601 at the inlet

405. More precisely, the first gas-mixing device 400 comprises 8 recesses 601, whereas the
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alternative first gas-mixing device 700 comprises 18 recesses 601. Moreover, these 18
recesses 601 are smaller and more densely distributed around the inlet 405. In this example
too, the 18 recesses 601 are triangular shaped, although other shapes are possible. The 18
recesses 601 cause a swirling effect too, as described hereinbefore.

FIGS. 10-12 schematically illustrate a second embodiment of the gas-

mixing device 214, which will be referred to as second gas-mixing device 1000 hereinafter
for reasons of convenience. FIG. 10 schematically illustrates a first perspective view of the
second gas-mixing device 1000. FIG. 11 schematically 1llustrates a second perspective
view of the second gas-mixing device 1000. FIG. 12 schematically illustrates a front view
of the second gas-mixing device 1000.

The second gas-mixing device 1000 has some similarities with the first gas-
mixing device 400 described hereinbefore. The second gas-mixing device 1000 1s also 1n
the form of a sleeve-like structure comprising a main sleeve 401 of which an inner surface
402 defines an airflow channel. The second gas-mixing device 1000 further also comprises
a mounting sleeve 403 for mounting the second gas-mixing device 1000 on a nozzle 213,
such as the nozzle 213 1llustrated in FIGS. 2 and 3.

Further similarities are as follows. The mounting sleeve 403 1s also located
at an 1nlet 405 of the second gas-mixing device 1000 and, more precisely, in an inlet plane
as described hereinbefore, although other locations are possible. An airflow channel
extends between the 1inlet 405 and an outlet 406 of the second gas-mixing device 1000. The
inlet 405 has a diameter that 1s superior to that of the outlet 406. The second gas-mixing
device 1000 can be mounted on a nozzle, via the mounting sleeve 403, such that the nozzle
can 1nject hot gas, which may have a supra-atmospheric pressure, into the airflow channel
toward the outlet 406.

A main difference between the second gas-mixing component 1000
1llustrated in FIGS. 10-12 and the first gas-mixing component 400 illustrated in FIGS. 4-6
1s that for the second gas-mixing component 1000 the main sleeve 401 1s fixed to the
mounting sleeve 403 by means of various fixation fins 1001 that are curved shaped. These
curved-shaped fixation fins 1001 may also be regarded as screw-shaped fins, bent-shaped-
fins, which are present in the airflow channel. The curved-shaped fixation fins 1001 cause
air that 1s drawn 1nto the airflow channel to have a swirling eftect. This swirling effect
contributes to a more uniform mixing within the channel of the gas from the chamber with

the hot air injected into the channel by the nozzle. This uniform mixing helps to achieve a
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relatively high anti-icing efficiency and, therefore, fuel economy, as explained
hereinbefore.

Another difference 1s that the main sleeve 401 of the second gas-mixing
device 1000 1s shaped so that the airflow channel 1s entirely converging from the inlet 405
to the outlet 406. Stated otherwise, the airflow channel has no diverging section 503, but
only a converging section 502 in which the curved-shaped fixation fins 1001 are arranged.
However, 1n an alternative embodiment, there could also be a diverging section.

Yet other embodiments of the gas-mixing device 214 illustrated in FIG. 3
may comprise a combination of features of the first gas-mixing device 400 and the second
gas-mixing device 1000 described hereinbefore. In particular, such an embodiment may
comprise a profiled inlet, such as an inlet that has various recesses, as well as curved-
shaped fins 1n an airflow channel that extends between the inlet and an outlet. The profiled
inlet and the curved-shaped fins both provide a swirling effect within the gas-mixing
device, which can be relatively strong due to a combination of the atorementioned features.

Yet other embodiments may differ from the embodiments described
hereinbefore 1n that a mounting sleeve 1s located outside an inlet plane defined by one or
more extremities at an inlet. That 1s, referring to FIG.5, the mounting sleeve 403 may be
shifted inwardly with respect to the inlet plane 501. Alternatively, the mounting sleeve 403
may be shifted outwardly with respect to the inlet plane 501. In either case, an inward or an
outward location of the mounting sleeve, there may be an offset comprised between, for
example, O and 10 millimeters (mm) with respect to the inlet plane. A location of the
mounting sleeve with respect to the inlet plane that 1s optimal 1n terms of anti-icing
efficiency may be found empirically.

Referring to FIGS. 2 and 3, the nozzle 213 and the gas-mixing device 214
mounted thereon may be slightly inclined with respect to the inner surtace 302 of the inlet
lip skin 210. Such an inclination may be in terms of azimuth or elevation, or both. That 1s,
the 1njection axis 304 need not be perfectly parallel with the inner surface 302 of the inlet
lip skin 210 at a location 1n the leading edge chamber 212 where the nozzle 213 1s present.
A slight inclination that 1s optimal 1n terms of anti-icing efficiency may be found

empirically.

The detailed description of some embodiments presented hereinbefore with

reference to the drawings, 1s merely an 1llustration of the invention and the additional
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features, which are defined 1n the claims. The invention can be implemented in numerous
different ways. In order to illustrate this, some alternatives are brietly indicated.

The invention may be applied in various types of products or methods
related to anti-icing, in particular 1n aircrafts. Although the description hereinbefore
presents embodiments that concern anti-icing of an inlet lip skin of an engine nacelle, the
invention may be used to prevent ice formation on other aircraft parts.

There are numerous ways of obtaining hot gas, which can be used 1n for
anti-icing. Although the description hereinbefore presents embodiments in which the hot
oas 1s obtained by bleeding oft compressed hot air from a turbine engine, the hot gas may
be obtained from other types of sources.

There are numerous ways of implementing a gas-mixing device in
accordance with the invention, which draws 1n air with a swirling effect. For example, a
profiled inlet may comprise a swirl-inducing feature other than recesses, such as, for
example, a profiled surface. Although the description hereinbefore presents embodiments
1n which recesses are triangular shaped, other shapes of recesses can provide the swirling
effect such as, for example, half-ring shaped recesses. Likewise, there are numerous
possible shapes for fins within the gas-mixing device that can provide the swirling effect.
Such fins need not necessarily have a fixation function.

The term “aircraft” should be understood 1in a broad sense. The term may
embrace any device that 1s capable of moving through the air.

In general, there are numerous different ways of implementing the
invention, whereby different implementations may have different topologies. In any given
topology, a single module may carry out several functions, or several modules may jointly
carry out a single function. In this respect, the drawings are very diagrammatic.

The remarks made hereinbefore demonstrate that the detailed description of
some embodiments presented with reference to the drawings, 1s an 1llustration of the
invention rather than a limitation. The invention can be implemented 1n numerous
alternative ways that are within the scope of the appended claims. All changes that come
within the meaning and range of equivalency of the claims are to be embraced within their
scope. Any reference sign 1n a claim should not be construed as limiting the claim. The
word “comprising” does not exclude the presence of other elements or steps than those
listed 1n a claim. The word “a” or “an” preceding an element or step does not exclude the

presence of a plurality of such elements or steps. The mere fact that respective dependent
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claims define respective additional features, does not exclude combinations of additional

features other than those reflected in the claims.
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CLAIMS:

1. An anti-icing system (303) for use within a chamber (212) having an
exterior wall (210) of which an outer surface (301) can be subject to ice formation, the
anti-1cing system comprising:

- a nozzle (213) arranged to inject hot gas within the chamber; and

- a gas-mixing device (214) defining a channel (305) for receiving hot gas
from the nozzle, the gas-mixing device comprising a swirl-inducing feature (601, 1001) for
causing gas from the chamber to be drawn 1nto the channel with a swirling effect when hot

oas from the nozzle 1s injected into the channel.

2. The anti-1cing system according to claim 1 wherein the swirl-inducing

feature comprising a profiled inlet (405) of the gas-mixing device (214).

3. The anti-icing system according to claim 2, wherein the profiled inlet (405)

comprises triangular-shaped recesses (601).

4. The anti-1cing system according to claim 3, wherein the triangular-shaped

recesses (601) are uniformly distributed around the profiled inlet (405).

5. The anti-1cing system according to claim 1, wherein the swirl-inducing

feature comprises at least one fin (1001) located within the channel (305).

6. The anti-icing system according to claim 5, wherein the at least one fin

(1001) comprises a curved shape.

7. The anti-icing system according to claim 1, wherein the gas-mixing device

(214) comprises a mounting sleeve (403) for mounting the gas-mixing device on the

nozzle (213).

8. The anti-1cing system according to claim 7, wherein the swirl-inducing

feature comprises multiple fins (1001) positioned between the mounting sleeve (403) and

an 1nner surface (402) of the channel (305).
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9. The anti-icing system according to claim 8, wherein the multiple fins (1001)

are positioned 1n an equidistant manner around the mounting sleeve (403).

10. The anti-1cing system according to claim 1, wherein the airflow channel
(305) has a converging section (502) that extends from an inlet (405) toward an outlet
(406) of the gas-mixing device (214).

11. The anti-1cing system according to claim 10, wherein the converging
section (502) of the airflow channel (305) 1s followed by a diverging section (503) in a
direction toward the outlet (406).

12. The anti-icing system according to claim 10, wherein the inlet (405) has a

diameter that 1s superior to that of the outlet (406).

13. An aircraft (100) comprising the anti-icing system (303) according to claim
1.
14. The aircraft according to claim 13, comprising:

- an arrangement (207) for bleeding off compressed hot air from a turbine
engine (104); and
- a gas flow path (208) for leading the compressed hot air to the nozzle (213),

whereby the compressed hot air that 1s led to the nozzle constitutes the hot gas.

15. An aircraft according to claim 14, wherein the chamber (212) 1s an annular
chamber 1n an 1nlet section (209) of an engine nacelle (201), the exterior wall (210) being

an 1nlet lip skin of the engine nacelle.

16. A method of anti-icing an aircraft part (201), the aircraft part comprising a
chamber (212) having an exterior wall (210) of which an outer surface (301) can be subject
to 1ce formation, the method comprising:

- 1njecting hot gas from a nozzle into the chamber;

- receiving the hot gas from the nozzle within a channel of a gas-mixing

device, the gas-mixing device comprising a swirl-inducing feature for causing gas from the



CA 02928267 2016-04-20

WO 2015/059489 PCT/GB2014/053174
15

chamber to be drawn 1nto the channel with a swirling effect when hot gas from the nozzle

1s 1njected 1nto the channel.
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