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(57) Abrege(suite)/Abstract(continued):

ine (26). The bulkhead has an inner edge nearest the centre line. Within the plenum there Is a toroidal inner skin (9) defining with
the outer skin a substantially continuous toroidal channel (19). Hot air is supplied via an inlet (/) to the plenum (8). The air flows Into
an inlet (14) at an end of channel (19) and out of an outlet (11) through the bulkhead (18). This provide more heat to the leading
edge of the duct, and to the surface of the duct facing the centre line, than to other parts of the duct to prevent build up of ice which
may enter, and damage, the engine. This reduces the mass flow of hot air needed for de-icing.
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(57) Abstract: An air intake duct of an aircraft engine or other component is provided with a thermal anti-icing system. The front
of the air intake duct comprises a toroidal outer skin (16) which forms, with a toroidal, internal bulkhead (18), a toroidal plenum (&)
about the centre line (26). The bulkhead has an inner edge nearest the centre line. Within the plenum there is a toroidal inner skin
(9) defining with the outer skin a substantially continuous toroidal channel (19). Hot air is supplied via an inlet (7) to the plenum
(8). The air flows into an inlet (14) at an end of channel (19) and out of an outlet (11) through the bulkhead (18). This provide more
heat to the leading edge of the duct, and to the surface of the duct facing the centre line, than to other parts of the duct to prevent
build up of ice which may enter, and damage, the engine. This reduces the mass flow of hot air needed for de-icing.
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THERMAL ANTI-ICING SYSTEM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a thermal anti-icing system for an aircraft
5 engine. Examples of the invention relate to a thermal anti-icing system for an air

intake duct. The air intake duct may be for an engine, a cooler of an engine, an aircraft

engine for example a gas turbine engine, or a gas turbine engine for other than an

aircraft amongst other examples.
[0002] US-A-5011098 discloses a thermal anti-icing system for an unducted fan
10 (UDF) engine. The blades of the fan are mounted at the rear of a gas turbine engine
outside the engine. If ice forms on the housing or cowling of the engine and separates
from the cowling it may damage the fan blades. In order to reduce icing a thermal anti
icing system is provided which uses hot air bled from the engine to heat cowling
locations subject to significant icing. The cowling has a surface referred to as a skin.
15 The leading edge of the cowling has a space detined by a bulkhead within the cowling
and the outer skin of the cowling. Hot air bled from the engine 1s supplied to a tube of
piccolo type inside the space. Part of the skin within the space is provided by a double
skin heat exchanger with a plurality of flow passages. The flow passages are spaced
apart and extend in the direction of the axis of the gas turbine engine. The spaces
20  between the flow passages are heated by conduction through the material of the skin.
The heat exchanger is provided at a location where, if ice is formed and shed from the
cowling, there would be a risk of damage to the fan blades; that 1s over the outer
surface of the cowling having an air flow leading to the unducted fan blades. :Other
parts of the space have a single skin. Hot air from the piccolo tube is caused to flow
25  through the heat exchanger, heating the skin of the cowling more than the single skin
parts of the cowling.
[0003] US-A-3933,327 describes an anti-icing plenum wherein the leading edge of a
jet engine nacelle is provided with a structure to prevent the formation of ice particle at
the inlet of the jet engine. A leading chamber of the nacelle 1s formed with a double
30  skin generally facing to the interior towards the jet engine. Hot exhaust gases from the
jet engine are passed into spaced channels formed between the inner and outer skins to

heat the outer skin from the inside thereof.
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SUMMARY OF THE INVENTION

[0004] According to one aspect of the present invention, there is provided an air
intake duct for use in an aircraft, the duct comprising: a toroidal leading section having
a toroidal plenum defined by an outer skin of the duct and an internal bulkhead; an
inner skin defining a toroidal air flow channel extending, within the plenum, over a
portion of the outer skin thereby defining a double walled skin section of the plenum,
the inner skin encompassing a zone of variation of the position of the stagnation point
of the airflow over the outer skin over the flight envelope of the aircraft and the
plenum having another skin section which is single walled; at least one inlet for
supplying hot air to the plenum; at least one inlet extending through the inner skin for
supplying the hot air from the plenum to the channel; and at least one outlet for
venting air from the channel and plenum; wherein the toroidal air flow channel forms a
substantially continuous toroidal air flow space.

[0005] An embodiment of the invention can provide for efficient use of a mass flow

of hot air needed for heating of the zone of the air intake duct most susceptible to

icing.

[0006] Heat transfer fins may be attached to the outer skin within the tforoidal
channel.

[0007] The arrangement of the inlet(s) and outlet(s) and the toroidal airflow channel
can be configured to provide a balanced airflow in the toroidal channel. Balancing of
the airflow in the toroidal channel can providing even heating of the air intake duct
over the whole inner surface, within the toroidal channel, of the outer skin of the duct.
[0008] The invention also provides an aircraft comprising the air intake duct as set

out above.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a better understanding of the present invention, reference will now be
made by way of example to the accompanying drawings in which:

Figure 1 is a schematic cross sectional view of the front of an air intake duct,
according to an embodiment of the invention, of an aircraft engine;

Figure 2 is an enlarged cross sectional view of the lower part of Figure 1;

Figure 3 is an enlarged cross sectional view of the upper part of Figure 1;

Figure 4 is a front perspective view of the front of an air intake duct, according to
another embodiment of the invention, omitting the outer skin of the duct;

Figure 5 is a rear perspective view of the duct of Figure 4;

Figure 6 is a cross-sectional perspective view of the front of the air intake duct;

Figure 7 is a schematic cross sectional view, corresponding to Figure 2, of a
modification of the air intake duct;

Figure 8 is a partial view of the cross section taken along line A-A in Figure 7; and
Figure 9 is a partial cross section, corresponding to Figure 8, of a modification of the
air intake duct of Figures 7 and 8.

[0010] While the invention is susceptible to various modifications and alternative
forms, specific embodiments are shown by way of example in the drawings and are
herein described in detail. It should be understood, however, that drawings and
detailed description thereto are not intended to limit the invention to the particular
form disclosed, but on the contrary, the invention is to cover all modifications,

equivalents and alternatives falling within the spirit and scope of the present invention
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DETAILED DESCRIPTION

[0011] The following description by way of example refers to an air intake duct of a
gas turbine engine of an aircraft, but the invention is not limited only to that example.
[0012] Figure 1 may be regarded as a cross section on lines A-A and B-B in Figure 3.
Figure 2 may be regarded as a cross section on line B-B in Figure 5. Figure 3 may be
regarded as a cross section on line A-A in Figure 5. Figure 4 omits the outer skin 16
of the duct. :

[0013] Referring to Figure 1, the front of an air intake duct of an aircraft engine 1s
shown. A flow passage 24 has a centre line 26 leading to the engine. The engine 1S a
gas turbine engine for jet propulsion. Alternatively, the gas turbine engine may be for
driving a propeller of a propeller aircraft or rotor blades of a helicopter. As shown in
Figures 4 and 5 the duct surrounds the centre line 26. It may be circular, or of any
suitable shape, one example of which is shown in Figures 4 and 5.

[0014] The example of the duct shown in Figures 1 to 6 is provided with a thermal
anti-icing system which is arranged to provide more heat to a specific zone of the
leading edge of the duct than to other parts of the duct to prevent build up of ice on
that specific zone. This reduces the mass flow of hot air needed for de-icing.
Bleeding hot air from a gas turbine engine for anti-icing reduces the efficiency of the
engine. If ice builds up it may enter, and damage, the engine.

[0015] The specific zone, to which more heat is provided in this example of the air
intake duct of an aircraft engine, is a zone encompassing the range of variation in
position of the stagnation point over the flight envelope of the aircraft.

[0016] By way of further explanation, air flowing over the leading edge of the air
intake duct divides into a portion entering the duct and a portion flowing outside the
duct. The point at which the portions divide is the stagnation point. At that point the
flow speed of the air over the surface of the leading edge is zero. Ice tends to build up
around the stagnation point. The position of the stagnation point on the leading edge
varies according to the attitude or orientation of the aircraft relative to the airflow over
the aircraft. It also varies due to the speed of the aircraft and the rotational speed of
the turbine machinery. The range of (safe) attitude is the flight envelope of the

aircraft.
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[0017] The front of the air intake duct comprises a toroidal outer skin 16 which
forms, with a toroidal internal bulkhead 18, a toroidal plenum 8 about the centre line
20. The bulkhead has an inner edge nearest the centre line. Within the plenum there is
a toroidal inner skin 9 defining with the outer skin a toroidal channel 19.

[0018] In cross section, the inner skin 9 extends, spaced from and approximately
parallel to, the inner surface of the outer skin 16 over a zone extending from the inner
edge of the bulkhead 18 towards, and past, the leading edge 25 to a point downstream
of the leading edge 25 on the outer side of the duct. Over that zone it defines the air
flow channel 19 which is closed at one end by a wall 12 at a point downstream of the
leading edge 25 on the outer side of the duct and is Opeﬁ at the other end, passing
through an outlet 11 in the bulkhead 18 adjacent to the inner edge of the bulkhead 18.
The inner skin 9 has an inlet 14 communicating with the plenum 8. The inlet 14 is
adjacent to the wall 12 which closes one end of the channel. Hot air bled from the
engine 1s supplied to the plenum via an inlet 7.

[0019] It will be appreciated that, as shown in Figures 4 and 5, there are a plurality of
inlets 14, outlets 11 and inlets 7 distributed around the toroidal air intake duct.

[0020] Hot air bled from the engine by conventional means (not shown) is supplied
by conventional means to the plenum through inlets 7. The hot air flows from the
plenum into the channel 19 via the inlets 14 in the inner skin 9 adjacent the closed end
of the channel and out of the channel via the outlets 11. The plenum has a single skin
portion 10 and a double skin portion 9, 19. The channel 19 of the double skin portion
provides a greater heating effect over that portion than occurs over the single skin
portion 10. The channel 19 causes the mass flow rate of air to be greater within the
channel than over the single skin portion 10 of the plenum. The double skin portion 1is
provided where the heating effect is most needed, which in this example is over the
zone of the air intake duct encompassing the range of variation of position of the
stagnation point over the flight envelope of the aircraft. The double skin portion
extends over only a part of the inner surface of the leading face of the plenum, there
being the single skin portion 10 outside the range of variation of the position of the
stagnation point within the flight envelope of the aircraft.

[0021] The channel 19 is defined between the outer skin 16 and the inner skin 9. The

inner skin is, fixed to, and supported at one end adjacent the inner side of the air intake
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duct, by a continuous bracket 13 which connects the inner skin to the bulkhead 18
adjacent the outlets 11. The other end of the inner skin is supported by a continuous
bracket 12 which provides the wall 12. The inner skin can be moveable relative to one
of the brackets. For example the inner skin can be slidably supported by the bracket
12 to accommodate relative expansion between the inner skin 9 and the bracket 12.
This reduces mechanical and thermal stress within the inner skin and the brackets 12
and 13 which support the inner skin.

[0022] In the shown example the inner skin is supported only by the continuous
brackets 12 and 13. Further supports may be provided intermediate those brackets
provided they do not substantially affect the airflow through the channel 19.

[0023] As best shown in Figure 6, the channel 19 is a continuous uninterrupted
toroidal space. This allows balancing of the airflow through out the channel reducing
any variation of heating effect over the leading edge of the air intake duct.

[0024] The outlets 11 are shown in Figures 1 to 6 as venting the air to the space
behind the bulkhead 18. The outlets 11 may vent to the airflow over the outer surfaceo
of the duct or as indicated by the dashed line 191 to a channel or channels 192 for
heating the outer skin of the air intake duct.

[0025] In the example shown in Figures 1 to 6, the hot air 131 bled from the engine
is delivered to the plenum 8 via pipes connected to four inlets 7 distributed around the
plenum. However the hot air could be fed to a piccolo tube within, and extending
around, the plenum 8.

[0026] The air intake duct described above may be applied to machines other than an
aircraft engine. For example the air intake duct may be used as the intake of an oil
cooler of an aircraft engine. The air intake duct may be that of a gas turbine engine
used for purposes other than propelling an aircraft such as a stationary engine or a
propulsion unit of a ship. In that case the variation in position of the stagnation point
may not be relevant.

[0027] The examples of the duct provide a simple construction which provides

enhanced heating where it is needed and reduced heating elsewhere, reducing the

amount of air needed to be bled from the gas turbine engine.
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[0028] Figures 7 and 8 show a modification of the air intake duct of Figures 1 to 3 in
which heat transter elements are provided on the outer skin within the toroidal channel
19.

0029} In this example, the heat transfer elements are fins 70 which extend
perpendicularly from the outer skin 16 of the toroidal channel 19 towards the inner
skin 9 of the channel. The fins 70 are fixed to the outer skin 16 and are spaced from
the inner skin 9. The fins are regularly spaced apart along the toroidal channel. As
best shown in Figure 7, and referring also to Figure 1, each fin extends parallel to the
centre line 26 of the air intake duct from adjacent wall 12 at one end of the toroidal
channel to adjacent the outlet 11 at the other end of the channel. There is a continuous
uninterrupted toroidal space within the channel 19 between the free ends of the fins
and the inner skin. The fins 70 provide increased heat transfer to the outer skin
compared to the structure of Figures 1 to 3.

[0030] Retferring to Figure 9, spacers 72 may be provided extending substantially
between the inner and outer skins and fixed to the outer skin but not fixed to the inner
skin. The spacers 72 are distributed amongst the fins 70. In the example shown in
Figure 9, the spacers 72 are solid walls which partially divide the toroidal channel into
discrete sections to reduce air flow circumferentially from one section to the next. In
each section, this means than the air then tends to flows from at least one of the inlets
14 to at least one of the outlets 11. Where the plurality of inlets 14 and outlets 11 are
distributed around the toroidal channel, balancing of the airflow around the toroidal
channel may be achieved.

[0031] The spacers can be discontinuous so as to allow tuning of circumferential
airflow around the toroidal channel. For example the walls 72 may have airflow
passages therethrough. Such airflow passages may be holes or spaces in the walls.
Alternatively the spacers may be pillars which are spaced apart. Such a wall or pillar
is fixed to only one of the inner and outer skins.

[0032] There has been described an embodiment of an air intake duct for use in an
aircraft. The duct comprises a toroidal leading section having a toroidal plenum
defined by an outer skin of the duct and an internal bulkhead. An inner skin defines a
toroidal air flow channel extending, within the plenum, over a portion of the outer skin

thereby defining a double walled skin section of the plenum. The plenum also has
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another skin section that is single walled. Hot air is supplied to the plenum. Hot air is
supplied to the channel. Air is vented from the channel and the plenum. The inner
skin encompasses the zone of variation of the position of the stagnation point of the
airflow over the outer skin over the flight envelope of the aircraft.

[0033] In an embodiment, toroidal air flow channel is a substantially continuous
toroidal air flow space.

[0034] There has been described an embodiment of an air intake duct for use in an
aircraft. The duct comprises a toroidal leading section having a toroidal plenum
defined by an outer skin of the duct and an internal bulkhead. An inner skin defines a
toroidal air flow channel extending, within the plenum, over a portion of the outer skin
thereby defining a double walled skin section of the plenum. The plenum has another
skin section that is single walled. Hot air is supplied to the plenum. Hot air is
supplied to the channel. Air is vented from the channel and plenum. The arrangement
of the toroidal airflow channel and the inlets and outlets provides balanced airflow in
the toroidal channel.

[0035] Various features can be provided in one or more embodiments, either in
separate embodiments or combined in one embodiment.

[0036] For example, hot air can be supplied to the plenum via one or more inlets.
T'he hot air can be supplied to the channel via one or more inlets, for example from the
plenum. One or more outlets can vent air from the channel and the plenum, for
example to the exterior of the duct and/or to further channels of the duct.

[0037] In an example embodiment, the inner skin defining the toroidal air flow
channel can extend, within the plenum, over the outer skin from a toroidally inner edge
of the bulkhead at one end of the channel upstream to, and past, the leading edge of the
duct, and then downstream to the other end of the channel at which the channel is
closed. A plurality of inlets can be distributed over, and extend through, the bulkhead
for supplying hot air to the plenum. A plurality of inlets can be distributed over, and
extending through, the inner skin for supplying the hot air from the plenum to the
channel, for example adjacent the closed end of the channel. A plurality of outlets can

be distributed around, and extend through, the bulkhead, for example at the inner ed ge
thereof.
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[0038] In embodiments, one end of the inner skin can be supported by a first support
and another end can be supported by a second support, the inner skin being moveable
relative to one of the supports, for example to reduce mechanical and thermal stress
therein. The mner skin can, for example, be slidably supported by one of the supports.

|0039] Heat transfer elements can be attached to the outer skin within the double
walled skin section. The heat transfer elements can be fins attached to the outer skin
within the double walled skin section. Spacers can be provided that extend
substantially between the inner and outer skins.

[0040] In an embodiment the toroidal channel is a substantially continuous toroidal
air flow space. However, the toroidal channel can be substantially divided into
discrete sections, each of which provides an air flow channel from at least one of the
inlets to a corresponding at least one of the outlets. Spacers between the inner and
outer skins can allow airflow circumferentially around the toroidal channel. The
spacers can, for example, be spaced-apart pillars; spaced-apart walls; or walls having
airflow passages therethrough.

]0041] The outlets can vent air to the exterior of the duct, or to further channels of
the duct. "

[0042] In one example, the inner skin defining the toroidal air flow channel can
extend, within the plenum, over the outer skin from a toroidally inner edge of the
bulkhead at one end of the channel upstream to, and past, the leading edge of the duct,
and then downstream to the other end of the channel at which the channel is closed. A
plurality of inlets can be distributed over, and extend through, the bulkhead for
supplying hot air to the plenum. A plurality of inlets can be distributed over, and
extend through, the inner skin for supplying hot air from the plenum to the channel
adjacent the closed end of the channel. A plurality of outlets can be distributed
around, and extend through, the bulkhead at the inner edge thereof.

[0043] The various individual features of the embodiments of an air intake duct
described herein can be combined as appropriate. The air intake duct can be, for
example an air intake duct of a propulsion engine of an aircraft, for example a gas
turbine engine. The air intake duct can, for example, be a cooler of an aircraft. The

hot air can be hot air from a propulsion unit of an aircraft.
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Although the embodiments above have been described in considerable detail,

numerous variations and modifications will become apparent to those skilled in the art

once the above disclosure is fully appreciated.
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CLAIMS
1. An air intake duct for use 1n an aircraft, the duct comprising:

a toroidal leading section having a toroidal plenum defined by an outer
skin of the duct and an internal bulkhead;

5 an inner skin defining a toroidal air flow channel extending, within the
plenum, over a portion of the outer skin thereby defining a double walled skin
section of the plenum, the inner skin encompassing a zone of variation of the
position of the stagnation point of the airflow over the outer skin over the flight
envelope of the aircraft and the plenum having another skin section which is

10 single walled;
an inlet for supplying hot air to the plenum;
an inlet for supplying the hot air to the channel; and
an outlet for venting air;
wherein the toroidal air flow channel forms a substantially continuous

15 toroidal air flow space.

2. The duct of claim 1, comprising a plurality of inlets distributed over, and

extending through, the inner skin for supplying the hot air from the plenum to the

channel.
20
3. The duct of claim 1 or claim 2 comprising a plurality of outlets, for venting air
from the channel and the plenum.
4, The duct of claim 3, wherein the outlets vent air to the exterior of the duct.
25
5. The duct of claim 3, wherein the outlets vent air to further channels of the duct.
0. The duct of any preceding claim, wherein
the inner skin extends, within the plenum, over the outer skin from a
30 toroidally inner edge of the bulkhead at one end of the channel upstream to, and

past, a leading edge of the duct, and then downstream to the other end of the

channel at which the channel is closed,
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a plurality of inlets are distributed over, and extending through, the
bulkhead for supplying hot air to the plenum;

a plurality of inlets are distributed over, and extending through, the
inner skin for supplying hot air from the plenum to the channel adjacent the
closed end of the channel; and

a plurality of outlets are distributed around, and extend through, the

bulkhead at the inner edge thereof.

7. The duct of any preceding claim, wherein one end of the inner skin is
supported by a first support and another other end is supported by a second support,

the inner skin being moveable relative to one of the supports.

8. The duct of claim 7, wherein the inner skin is slidably supported by one of the
supports.
9. The duct of any preceding claim, comprising heat transfer elements attached to

the outer skin within the double walled skin section.

10. The duct of claim 9, wherein the heat transfer elements are fins attached to the

outer skin within the double walled skin section.

11.  The duct of any preceding claim wherein the arrangement of the toroidal
airflow channel and the inlets and outlets provides balanced airflow in the toroidal

channel.

12.  The duct of any preceding claim, comprising spacers between the inner and

outer skins, the spacers allowing airflow to pass around the toroidal channel.

13.  The duct of claim 12, wherein the spacers comprise one or more of: spaced-

apart pillars; spaced-apart walls; or walls having airflow passages therethrough.

14.  An aircraft comprising the air intake duct of any preceding claim.
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15.  The aircraft of claim 14, wherein the air intake duct i1s that of a propulsion

engine of the aircraft.

5 16.  The aircraft of claim 15, wherein the engine is a gas turbine engine.
17. The aircraft of claim 14, wherein the air intake duct is that of a cooler.
18.  The aircraft of any of claims 14 to 17, wherein the inlet to the plenum is

10  connected to the engine to receive hot air therefrom.
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