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BSTRACT

| —

A

EXCHANGER FOR AIRCRAFT AIR CONDITIONING CIRCUIT AND

| —

pa—y

INTEGRATED PROPULSION ASSEMBLY FOR SUCH AN EXCHANGER

An exchanger (10) 1intended for cooling alr admitted

into an alr conditioning circuit of an ailrcraft i1s housed
inside the 1rigid caisson of the strut by which a

turboreactor 1s suspended from the wing unit. The

exchanger comprilises superposed hollow plates (12) forming

alr quilides for the relatively cold ailr drawn off in the

fan duct of the turboreactor. More precisely, this air 1is

drawn off at the front, alternatively on both sides of

the exchanger, via each of the plates (12). It 1s

released behind and on the opposite side. The warm air

intended for the alir conditioning circuit cilrculates from

“ront to back between the plates (12).
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Technical Domailn

The invention mainly relates to a heat exchanger,

intended to provide cooling of air introduced to an air
conditioning circuit of an aircraft cabin.

More precisely, the 1nvention relates to a heat
exchanger integrated into a strut by which a turboreactor
of an aircraft is suspended from the wing unit. \

The invention also relates to an aircraft propulsion
assembly, comprising a turboreactor, a strut and an
exchanger integrated intoc the strut.

The invention 1s applied to any type of aircraft and

especially to airliners intended for passenger transport.

Prio;rArt

On existing aircraft it 1s usual to draw off warm
air in the turboreactors and then inject it into the air

conditioning circuit of the pressurised cabin housing the

crew and passengers.

Given that the air temperature drawn off in the

reactor 1s generally around 400°C, whereas the maximum

- temperature of the ailr circulating 1n the a1xy

conditioning circuit should not exceed around 200°C, a

heat exchange'r is usually placed between the reactor and

the air <conditioning circult. This exchanger ensures

cooling of the air at high temperature originating from

the reactor due to heat exchange between this air at high

temperature and the colder air (at around 100°C) drawn

- SP 21027.69 GP
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off in the fan duct of the turboreactor.
Given that heat exchanges taking place inside the
exchanger concern two flows of air issuing from the

reactor, 1t 1s wusual to place the exchanger 1in the

immediate proximity of the latter. More precisely, the
exchanger 1is usually 1ntegrated in the structure of the

strut by which the reactor 1is suspended under the wing

unit of the aircraft.

A known solution consists of mounting the exchanger
above the front part of the caisson forming the rigid
structure of the strut and inside the fairing covering
said cailisson.

In this case, the exchanger wusually comprises

vertical hollow plates between which relatively cold air

originating from the exhaust manifold circulates from top

to bottom, and is then ejected to the exterior, into the

atmosphere, via ducts formed in the upper fairing of the

strut. The relatively warm alir originating from the
central part of the engine circulates from front to rear

inside the vertical hollow plates, to be cooled there

before Dbeiling channelled towards the air conditioning
circuit. The relatively cold air originating from the

exhaust manifold 1s introduced to the exchanger via

. Iy

tubing fitted with a wvalve allowing the flow to be

regulated. Such regulation of the relatively cold air
flow inside the exchanger enables the temperature of the
alr in the air conditioning circulit to be controllied.

Exchangers of this type have varilous disadvantages.

In the first place, implanting them above the front

SP 21027.69 GP
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part of the rigid caisson o¢f the strut would create

swelling in the upper front part of the fairing, if this

type of exchanger were used on an aircraft equipped with
reactors larger in diameter than those which equipped it
during design. Using reactors of larger diameter can

especially be motivated by a desire to reduce the sound

level and/or increase the performance of the aircraft,
and in particular - 1ts speed. The resulting swelling would
jeopardise the aerodynamic flow of air in the zone

between the wing unilit and the reactor. This is therefore

'unacceptable.

Another disadvantage of existling exchangers concerns
releasing to the atmosphere the relatively cold air used
to cocol the air 1njected 1into the air conditioning
circuit. This release to the atmosphere 1s practically

e

1mposed by circulation from bottom to top o©f the

relatively cold air 1inside the exchanger, while the

relatively moderate temperature of the rejected air would
allow 1t to be used to cool certain warm parts of the

engine.

—_ - - --

Description of the Invention

The main -aim of the 1nvention 1s to provide an
exchanger for cooling air introduced to an air
conditioning circuit of an aircraft cabin, said exchanger
being designed so as to be able to be installed in the
very interior of the caisson of the‘strut, sO as to avoid

any risk of creating swelling when it is used on an

aircraft equipped with reactors of larger diameter.

SP 21027.69 GP
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The invention also aims to provide an exchanger for
cooling air introduced to an air conditioning circuit of
an aircraft cabin, whereof the original design allows it
to use the relatively cold air exiting from the exchanger
for cooling the warm parts of the engine.

According to the present 1invention these aims are

achieved, at least 1in part, due to an exchanger for

cooling air, for an air conditioning circuit of an

~aircraft, said exchanger comprising an 1intake manifold

and an exhaust manifold of relatively warm air, placed

respectively 1n front of and behind the exchanger, and
guides for relatively cold air, each having an inlet port
and an outlet port, said guides delimiting between them
passages connecting the 1intake manifold and the exhaust
manifold, characterised 1in that the 1inlet ports and
outlet ports of each guide of relatively cold air
terminate on two opposite lateral faces of the exchanger,
respectively on a front part and on a rear part of said
lateral faces, the exchanger further éomprising a first
flow control door, placed on the front of each lateral
face on which the inlet ports of the hollow plates
terminate.

Accordingly, according to the present invention, the

air used to c¢ocol the air 1injected 1nto the air

conditioning circuit of the  aircraft  circulates
transversally 1in the exchanger, Dbetween 1its two lateral
faces. It therefore becomes possible to place the

exchanger right inside the rigid caisson of the strut,

thus hypothetically avoiding the development of swelling

SP 21027.69 GP
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where a reactor of Jlarger diameter than that which

originally equipped the aircraft would be 'used, at the

time of design. On the other hand, this arrangement
allows cooling air rejected by the exchanger to be used
to cool certain warm parts of the engine.

According to a preferred embodiment of the

invention, the gquides for relatively cold air are

superposed hcllow plates, substantially horizontal.

In this case, the 1inlet ports of the hollow plates

are preferably positioconed alternatively 1in front of one

and the other o¢f said opposite lateral faces. This
results in crossed circulation of the relatively cold air
over the entire height o0f the exchanger.

The exchanger also comprises, advantageously, a

second flow control door, placed on the rear part of each
lateral face on which the outlet ports of the hollow
plates terminate.

Another object o©f the 1invention 1s an aircraft
propulsion assembly, comprising a turboreactor having a

central engine and an engine nacelle delimiting between

them a fan duct, a strut by which the reactor is designed

to be suspended from a wing unit element of the aircraft,

and an exchanger for cooling air, for an air conditioning

circuit of an aircraft cabin, in which said exchanger 1is

realised 1in the manner described hereinabove and placed

in a strut i1n such a way that the outlet ports of air

guides terminate in the fan duct of the turboreactor.

Brief Description of Diagrams

SP 21027.69 GP
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A preferred embodiment of the invention will now be
described, illustratively and non-limiting, with
reference to the attached diagrams, in which:

Figure 1 1s a perspective. view illustrating an

exchanger for cooling air according to the present

invention, 1in which the flow control doors have been
deliberately omitted;

Figure 2 1s a comparable view to Figure 1, 1n which
the flow control doors are present and illustrated in
their open state; '

Figure 3 1s a transversal sectional view which
diagrammatically illustrates an assembly comprising an
aircraft turboreactor, the strut by which the latter is

suspended from the wing unit and an exchanger such as

1llustrated in Figures 1 and 2 integrated into the strut;

and

Figure 4 1s a diagrammatic view 1in longitudinal

section of the assembly illustrated in Figure 3.

Detailed Explanation of a Preferred Embodiment

R o R T

P e P e NP Rl G =Py el e,

Figures 1 and 2 1llustrate a preferred embodiment of

‘an exchanger 10 for cooling air according to the present

invention. More precisely, Figure 1 1illustrates the
exchanger 10 without 1i1ts flow control doors and Figure 2

illustrates the exchanger 10 complete, that is, equipped

v &

with 1ts flow control doors. The flow control exchanger
10 according to the present invention 1is designed to

ensure c¢ooling of air admitted to an air conditioning

circult contained in the cabin of an aircraft.

SP 21027.09 GP
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As illustrated 1in Figure 1, the exchanger 10

generally has the form of a rectangular parallelepiped

.-

and presents two substantially vertical Llateral faces,

substantially horizontal lower and upper faces, as well

as substantially vertical front ana rear faces. The terms

'lateral faces', 'lower and upper faces' and 'front and

rear faces' make reference to the orientation of the
exchanger when 1t 1s placed inside the strut bf an
aircraft, as will be explained in greater detail
hereinbelow with reference to Figures 3 and 4.

In the 1llustrated embodiment the exchanger 10
bomprises a plurality of superposed hollow plates 12,
substantially planar and horizontal. The hollow plates 12

form guides for relatively cold air in which cooling air

drawn off in the fan duct of the turboreactor circulates,

as will be better understood hereinbelow.

The air guide formed by each of the hollow plates 12

comprises an 1iniet port 14 and an outlet port 16. The

inlet port 14 terminates on one of the opposite lateral

two faces of the exchanger, on a front part of said face,
and the outlet port 16 terminates on the other of said
opposite lateral faces of the exchanger, on a rear part
of said face, as shown in particular in Figure 1.

More precisely, the 1inlet ports 14 of the hollow

plates 12 terminate alternatively in the front part of

cne and the other of the opposite lateral faces of the

exchanger 10. As a conseqguence, the outlet ports 16 of
the hollow plates 12 terminate alternatively 1n the rear

part of one and the other of the opposite lateral faces

SP 21027.6069 GP
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of the exchanger 10. |
The hollow plates 12, substantially horizontal, are

assembled with one another by way of a rigid frame (not

illustrated) which delimits between said plates 12 spaces

forming passages for the relatively warm air intended for

the air conditioning circuit of the aircraft.
The passages formed Dbetween the hollow plates 12

terminate respectively on the front face and on the rear

face of the exchanger, 1in an inlet manifold 18 and in an
exhaust manifold 20. Internal partitions (not shown)

interconnect the hollow plates 12 on the two lateral

faces of the exchanger, so as to canalise the relatively
warm air which escapes into said passages between the

manifolds 18 and Z20.

In the embodiment shown in Figure 2, the exchanger
10 further comprises two front doors 22 for flow control
and two rear doors 24 for flow control.

The front doors 22 cover the front parts of the

lateral faces oif the exchanger 10, so that they are

opposite  the 1inlet ports 14 of the superposed hollow
plates 12. More precisely, the front doors 22 are
articulated on the lateral faces of the exchanger 10 by

substantially wvertical axes situated in central parts of

"

said faces. The front doors 22 can thus occupy different

intermediate positions between a fully closed position
and a fully open position, as illustrated in Figure 2.

The rear doors 24 cover the rear parts of the

lateral faces of the exchanger 10, such that they are

opposite the outlet ports 16 of the superposed hollow

SP 21027.069 GP
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plates 12. More precisely, the rear doors 24 are

articulated on the lateral faces o0f the exchanger 10 by
substantially vertical axes situated in central parts of

salid faces, 1in the wvicinity of the axes of articulation

of the front doors Z22. As for the front doors 22, the

rear doors 24 can thus assume different intermediate
positions between a fully closed position and a fully
open position, as illustrated in Figure 2.

The movements of the front doors 22 and rear doors
24 are controlled by solenoids (not illustrated) such as

jacks, 1n response tTo control signals for opening or

closing emitted by a control unit (not illustrated). The
latter 1s 1tself sensitive to signals transmitted, for
example, by sensors placed in the exhaust manifold 20 of
the relatively warm air which feeds the air conditioning
clrcult.

Accordingly, the temperature of the relatively cold
air; exiting from the exchanger via the exhaust manifold
20, can be regulated by acting on the doors 22 and 24. In

this way the temperature of the air in the air

conditioning circuit o©f the aircraft cabin can be
maintained at a level not exceeding around 200°C, by
using warm air at around 400°C originating from the
engine, cooled by cool air at around 100°C drawn off in
the fan housing.

As shown 1in Figures 3 and 4, the exchanger 10 1is

placed advantagecusly inside the rigid caisson 26 forming

the framework of the strut 28 by which a turboreactor 30

15 suspended from the wing unit of an aircraft.

SP 21027.69 GP
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More precisely, Figure 4 demonstrates that the

exchanger 10 1i1s mounted in the strut 28 such that it is

located in the rear part of the fan duct 32 of the

turboreactor 30, at the level of the thrust reverser of

the lLatter.

' This arrangement of the exchanger 10 allows the
inlet ports 14 of the hollow plates 12 to be positioned

directly in the ‘flow of relatively cold air circulating

inside the fan duct 32 of the turboreactor 30. The flow
of relatively cold air evacuated via the outlet ports 16
of the hollow plates 12 15, as required, either evacuated
directly into the fan duct 32, or returned via ducts 34
which lead it to the warm central parts of the engine in
order to cool them.

Moreover the inlet manifold 18 of relatively warm
alr communicates with a relatively warm zone o©f the
central part of the engine via a tube 36, s0 as to be fed
with relatively warm air, at a temperature generally
close to 400°C. The cooled air escaping the exchanger via

the exhaust manifold 20 i1s in turn conveyed to the air

conditioning circuit of the aircraft via a tube 38.

The preceding description demonstrates that using an
exchanger according to the present invention allows the
latter to ke placed right inside the rigid caisson of the

strut, by which the turboreactor 1is suspended from the

wing unit of the aircraft. This avoids the development of

swelling at the front of the upper part of the fairing of

the strut. Consequently, the flow o¢of air between the

turboreactor and the wing unilt 1is not perturbed by the

SP 21027.69 GP



10

20

25

CA 02429261 2003-05-21

11

presence of the exchanger, even when the aircraft is
equipped with a reactor of larger diameter than that it
was intended to receive, durilng design.

The original conception of the exchanger according
to the present invention further allows the relatively
cold air which has served to c¢cool the air 1injected into
the air conditioning circuit not to be released to the
atmosphere. Thus, as described hereinabove, this
relatively cold air can pe elther returned to the fan

duct, or utilised to cool certain parts of the central

englne.

Of course the invention 1s not limited to the

exemplary embodiment described hereinabove. The form and

arrangement of the air guides as well as the form and

gonin,

arrangement of the flow control doors can 1in particular

be different to those described. In addition, the Iflow

control doors ‘situated opposite the outlet ports of the
relatively cold air can optionally be removed without
departing from the scope of the invention. Finally,
instead of being housed 1nside the caisson of the strut,
as 1in the embodiment described, ‘the exchanger according

to the present invention can also be 1installed outside

the structure of the strut and especially below the

latter.

SP 21027.69 GP
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12
CLAIMS
1. An exchanger (10) for cooling air, for an

alrcraft air conditioning circuit, said exchanger (10)

comprising an inlet manifold (18) and an exhaust manifold

(20) of air at a first temperature, placed respectively
in front of and behind the exchanger, and guides (12) for
alr at a second temperature 1lower than said first
temperature, each having an inlet port (14) and an outlet
port (16), said guides (12) delimiting between them
passages connecting the 1nlet wanifold (18) and the
exhaust manifold (20), the inlet ports (14) and outlet

p—
p——

ports (16) of each guide (12) of the relatilively colder

air terminating on two opposite lateral faces of the

exchanger (10), the exchanger further comprising a first

flow control door (22), placed on a lateral face on which
the inlet ports (14) of the guides (12) terminate,
characterized in that each lateral face of the exchanger
carries on a front part thereof the inlet ports (14) and

on a rear part thereof the outlet ports (16), the inlet

ports of a first one of the faces belng connected to the
outlet ports of the second one of the faces, and 1in that
the first flow control door 1s placed on the front part
of each of the lateral faces onto which 1ssue the inlet

ports.

2. The exchanger as claimed in Claim 1, 1n which the
guides for the air at the second temperature are

substantially horizontal superposed hollow plates (12).

3. The exchanger as claimed in Claim 2, 1n which the

inlet ports (14) of the hollow plates (12) are placed
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alternatively 1n front of the first one and the second

one of said opposite lateral faces.

4. The exchanger as c¢laimed 1n any one of Claims 1

to 3, further comprising a second flow control door (24),
placed on the rear part of each lateral face on which the

outlet ports (16) of the hollow plates (12) terminate.

5. An ailrcraft propulsion assembly comprising a
turboreactor (30) having a central engine and an englne
nacelle delimiting between them a fan duct (32), a strut
(28) by which the turboreactor (30) 1s designed to be
suspended from a wing unit element of the aircraft, and
an exchanger (10) for cooling air, for an air
conditioning circuit of an aircraft cabin, in which said
exchanger (10) 1is realized as claimed 1n any one of
claims 1 to 4 and placed 1n the strut (28) such that the
outlet ports (16) of the air guides (12) terminate 1n the

v
p—

fan duct (32) of the turboreactor (30).
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