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(57) ABSTRACT

A surface heat-exchanger for a turbojet engine nacelle
between a fluid (C) to be cooled down and air (F) includes
a circulation duct of the fluid (C) to be cooled down disposed
in contact with air. The circulation duct includes a plurality
of channels extending substantially in the same direction
with a distance (D) between two adjacent channels between
two and five times the width (L) of the channels, each
channel having a wall with an area intended to be in contact
with air and an area opposite to the area intended to be in
contact with air.
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SURFACE HEAT-EXCHANGER FOR A
COOLING SYSTEM OF AN AIRCRAFT
TURBOJET ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of FR 19/03540 filed on Apr. 3, 2019. The disclosure of the
above application is incorporated herein by reference.

FIELD

[0002] The present disclosure relates to the field of cooling
systems of aircraft turbojet engines.

BACKGROUND

[0003] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0004] An aircraft is propelled by one or several propul-
sion unit(s) each comprising a turbojet engine housed within
a nacelle. Each propulsion unit is attached to the aircraft by
a mast, also called pylon, generally located below or over a
wing or at the level of the fuselage of the aircraft.

[0005] A turbojet engine may also be called engine. In the
following description, the terms engine and turbojet engine
will be indifferently used.

[0006] A nacelle generally has a tubular structure com-
prising an upstream section comprising an air inlet upstream
of the turbojet engine, a middle section intended to surround
a fan of the turbojet engine, a downstream section adapted
to accommodate thrust reversal means and intended to
surround the combustion chamber of the turbojet engine,
and generally terminates in an ejection conduit whose outlet
is located downstream of the turbojet engine.

[0007] Furthermore, a nacelle usually comprises an outer
structure comprising a fixed portion and a movable portion
(thrust reversal means), and an inner fixed structure (IFS),
concentric with the outer structure. The inner fixed structure
surrounds the core of the turbojet engine at the rear of the
fan. These outer and inner structures define an annular flow
path, also called secondary flow path, intended to channel a
so-called secondary cold air flow which circulates outside
the turbojet engine.

[0008] The outer structure comprises an outer fairing
defining an outer aerodynamic surface, intended to be in
contact with an outer air flow, and an inner fairing defining
an inner aerodynamic surface, intended to be in contact with
the secondary air flow. The inner and outer fairings are
connected upstream by a leading edge wall forming an air
inlet lip.

[0009] In general, the turbojet engine comprises a set of
blades (compressor and possibly fan or non-ducted propel-
ler) driven in rotation by a gas generator through a set of
transmission means.

[0010] A lubricant distribution system is provided in the
turbojet engine to ensure a proper lubrication of these
transmission means and cool them down. The lubricant
consists of oil. In the following description, the terms
lubricant and oil will be indifferently used.

[0011] A cooling system comprising a heat-exchanger
allows cooling down the lubricant.

[0012] For this purpose, a known method consists in
cooling down the lubricant by circulation through an air/oil
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heat-exchanger using cold air from the secondary flow path
of the nacelle or from one of the first stages of the com-
pressor, to cool down the oil of the engine. Such a heat-
exchanger is a finned heat-exchanger. It comprises fins in the
cold air flow which disturb the flow of the air flow in the
secondary flow path or in the compressor, which results in
pressure drops (drag), and therefore in losses of perfor-
mances for the aircraft in terms of fuel consumption (the FB
(Fuel Burn) parameter).

[0013] Another known method consists in cooling down
the lubricant thanks to a cooling system comprising an
air/oil heat-exchanger using cold air collected from outside
the nacelle or in the secondary flow path, by a scoop
disposed respectively on the outer or inner fairing of the
nacelle, the cold air being circulated through the heat-
exchanger and adapted to serve for deicing of the nacelle,
once heated up by the lubricant, by circulation in ducts
disposed in contact with the walls of the outer structure of
the nacelle, for example at the level of the air inlet lip. Such
a system allows for a better control of the exchanged thermal
energies, but the presence of scoops within the outer or inner
fairing of the nacelle results in a loss of aerodynamic
performances, in the same manner as a finned heat-ex-
changer, and therefore in losses of performances for the
aircraft in terms of fuel consumption (the FB (Fuel Burn)
parameter).

[0014] A known solution for limiting disturbances of the
air flow, consists in providing a cooling system comprising
a so-called hot source heat-exchanger, between a heat-
transfer fluid and the engine oil, and a so-called cold source
heat-exchanger, between the heat-transfer fluid and air. Such
a cooling system comprises a closed-circuit circulation duct
of the heat-transfer fluid. More particularly, the circulation
duct of the heat-transfer fluid comprises a portion disposed
within the nacelle in contact with the outer and/or inner
fairing, said portion forming the cold source heat-exchanger.
This is referred to as surface heat-exchanger. Even more
particularly, the portion disposed within the nacelle in con-
tact with the inner and/or outer fairing of the nacelle
comprises a plurality of channels disposed in parallel, said
channels being formed by a double-wall of the inner and/or
outer fairing. This is then referred to as structural heat-
exchanger.

[0015] Thus, the pair constituted by the dissipated thermal
power and the aecrodynamic performances loss, as well as the
added mass, are optimized

SUMMARY

[0016] This section provides a general summary of the
disclosure and is not a comprehensive disclosure of its full
scope or all of its features.

[0017] The present disclosure provides a surface heat-
exchanger for a nacelle, which allows improving the pair
constituted by the dissipated thermal power and the aero-
dynamic performances loss, and the added mass.

[0018] To this end, the present disclosure provides a
surface heat-exchanger for a turbojet engine nacelle,
between a fluid to be cooled down and air, the heat-
exchanger comprising a circulation duct of the fluid to be
cooled down disposed in contact with air, and being char-
acterized in that the circulation duct of the fluid to be cooled
down comprises a plurality of channels extending in a
common direction, and in one form, the channels extend in
substantially in the same direction with a distance between
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two adjacent channels comprised between twice and five
times the width of said channels, each channel having a wall
comprising an area intended to be in contact with air and an
area opposite to the area intended to be in contact with air
[0019] Thus, the number of channels are determined so
that the dissipated thermal power, the aerodynamic perfor-
mances losses, and the added mass, are reduced.

[0020] According to other features of the present disclo-
sure, the heat-exchanger according to the present disclosure
comprises one or more of the following optional features
considered separately or according to any possible combi-
nation.

[0021] According to one feature, the area intended to be in
contact with air is smooth, in contrast with the opposite area
which is corrugated.

[0022] Thus, the area intended to be in contact with air is
an aerodynamic surface.

[0023] According to one feature, the width of the channels
is variable from one channel to another.

[0024] According to this feature, the distance between two
adjacent channels is comprised between twice and five times
the maximum width of said channels.

[0025] According to one feature, the wall of the channels
has a thickness comprised between 0.6 and 4 mm.

[0026] According to one feature, the area intended to be in
contact with air has a thickness different from the opposite
area.

[0027] According to one feature, at least the area intended
to be in contact with air has a thickness comprised between
1.5 and 4 mm. In this manner, the channels are adapted to
withstand lightning.

[0028] Thus, the heat-exchanger according to the present
disclosure may be disposed in contact with air outside of a
nacelle of an aircraft turbojet engine.

[0029] More particularly, the heat-exchanger according to
the present disclosure may form at least partially the outer
fairing of a nacelle of an aircraft turbojet engine.

[0030] Furthermore, the heat-exchanger according to the
present disclosure may be disposed in contact with air from
the secondary flow path of a nacelle of an aircraft turbojet
engine downstream of the secondary flow path.

[0031] The heat-exchanger may form at least partially the
downstream portion of the inner fixed structure of a nacelle
of an aircraft turbojet engine.

[0032] According to one feature, the wall of the channels
has a thickness comprised between 1.5 and 4 mm.

[0033] According to one feature, at least two channels
have a different thickness.

[0034] According to one feature, the channels have a
semi-circular shaped section.

[0035] This allows balancing the resistance to pressure
and the pressure drops.

[0036] According to another feature, the channels have a
triangular-shaped section. This allows facilitating the form-
ing of the channels, generally carried out by bending and
reducing the amount of fluid to be cooled down circulating
in the heat-exchanger.

[0037] According to one feature, the heat-exchanger com-
prises a fluid to be cooled down in the circulation duct, the
fluid to be cooled down being a heat-transfer fluid less
flammable than a lubricant of the turbojet engine, and liquid
at temperatures between -70° C. and +175° C. By “less
flammable than the lubricant of the turbojet engine,” it
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should be understood that the heat-transfer fluid is flam-
mable at higher temperatures than the lubricant.

[0038] The lubricant being generally flammable at 260°
C., the heat-transfer fluid is flammable at higher tempera-
tures.

[0039] According to one feature, the heat-transfer fluid is
nonflammable.
[0040] According to one feature, the heat-transfer fluid is

liquid at temperatures between —-70° C. and +175° C. at a
pressure lower than 10 bars.

[0041] According to one feature, the heat-transfer fluid has
an ignition point higher than 260° C., a combustion point
higher than 280° C. and an auto-ignition temperature higher
than 400° C. Thus, the heat-exchanger can be disposed in the
proximity of electrical equipment.

[0042] According to one feature, the heat-transfer fluid has
a dielectric constant lower than 6.

[0043] According to one feature, the heat-transfer fluid
belongs to the hydrofluoroethers (HFE) family. In this
manner, the fluid is adapted to remain in the liquid state at
temperatures lower than 130° C. at atmospheric pressure,
and the heat-exchanger can be disposed throughout the
entirety of the nacelle.

[0044] According to another feature, the heat-transfer fluid
belongs to the silicate esters family.

[0045] According to one feature, the heat-transfer fluid is
a 3-Ethoxyperfluoro(2-methylhexane), such as the Novec™
7500 brand, also called Novec™ 7500 Engineered Fluid.
[0046] According to one feature, the channels have a
width comprised between 5 and 50 mm, and in one form
between 6 and 20 mm, and yet in another form between 10
and 15 mm. Thus, the flow rate of the fluid to be cooled
down is improved.

[0047] As example, the velocity of the fluid to be cooled
down in a channel is in the range of 0.5 to 2 m/s.

[0048] According to one feature, the heat-exchanger is a
so-called cold source surface heat-exchanger, and is
intended to cooperate with a so-called hot source heat-
exchanger between a lubricant and the fluid to be cooled
down.

[0049] According to this feature, the circulation duct of
the first fluid to be cooled down forms a recirculation loop
through the cold source and hot source heat-exchangers.
[0050] According to one feature, at least the area opposite
to the area intended to be in contact with air is made of
aluminum.

[0051] The present disclosure also concerns a cooling
system, comprising a heat-exchanger as previously
described, called cold source heat-exchanger, and a so-
called hot source heat-exchanger, between a lubricant to be
cooled down and the fluid cooled down in the cold source
heat-exchanger.

[0052] The present disclosure further concerns a turbojet
engine nacelle of the type comprising an outer structure and
an inner structure defining an annular flow path for a
so-called secondary cold air flow, the outer structure com-
prising an outer fairing defining an outer aerodynamic
surface and an inner fairing defining an inner aerodynamic
surface, the outer and inner fairings being connected
upstream by a leading edge wall forming an air inlet lip; said

nacelle comprising a heat-exchanger as previously
described.
[0053] According to one feature, the circulation duct of

the fluid to be cooled down comprises at least one circulation
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area of said fluid formed by a double-wall of the outer
fairing or of the inner fairing of the nacelle.

[0054] By double-wall of the fairing, it should be under-
stood that the area intended to be in contact with air of each
channel is formed by the outer or inner fairing of the nacelle.

[0055] This is then referred to as structural heat-ex-
changer.
[0056] Thus, the heat exchange is advantageously carried

out by convection with outside air or with the secondary cold
air flow, and more particularly by forced convection.
[0057] Further areas of applicability will become apparent
from the description provided herein. It should be under-
stood that the description and specific examples are intended
for purposes of illustration only and are not intended to limit
the scope of the present disclosure.

DRAWINGS

[0058] In order that the disclosure may be well under-
stood, there will now be described various forms thereof,
given by way of example, reference being made to the
accompanying drawings, in which:

[0059] FIG. 1 is a schematic view of a nacelle of an
aircraft turbojet engine comprising a surface heat-exchanger
according to the present disclosure;

[0060] FIG. 2 is a schematic view of a cooling system
comprising a surface heat-exchanger according to the pres-
ent disclosure;

[0061] FIG. 3 is a schematic view of a portion of the
nacelle of FIG. 1, comprising the surface heat-exchanger
according to the present disclosure;

[0062] FIG. 4 is a schematic longitudinal sectional view of
FIG. 3, the nacelle portion being represented as planar; and
[0063] FIG. 5 is a schematic view of a variant of the
nacelle portion of FIG. 4.

[0064] The drawings described herein are for illustration
purposes only and are not intended to limit the scope of the
present disclosure in any way.

DETAILED DESCRIPTION

[0065] The following description is merely exemplary in
nature and is not intended to limit the present disclosure,
application, or uses. It should be understood that throughout
the drawings, corresponding reference numerals indicate
like or corresponding parts and features.

[0066] In the following description and in the claims,
identical, similar or analogous components will be referred
to by the same reference numerals and the terms “upstream,”
“downstream,” etc. will be used in a non-limiting manner
and with reference to the drawings in order to facilitate the
description.

[0067] FIG. 1 illustrates a nacelle 100 hanging from a
pylon 102 intended to be fastened to a wing (not repre-
sented) of an aircraft (not represented). The nacelle 100
comprises an outer structure 103 comprising an upstream
section 104 provided with a lip 106 forming an air inlet 108,
a middle section 110, and a downstream section 112.
[0068] The nacelle further comprises an inner fixed struc-
ture 114 surrounding a downstream portion of a turbojet
engine (not represented) concentrically with respect to the
downstream section 112. The inner fixed structure 114 and
the outer structure 103 delimit an annular flow path 115
defining a passage for a secondary cold air flow (not
represented).
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[0069] The nacelle 100 also comprises an ejection conduit
116 comprising a gas ejection plug 118 and a gas ejection
nozzle 120. The ejection plug 118 and the ejection nozzle
120 define a passage for a hot air flow (not represented)
coming out of the turbojet engine (not represented) 200.
[0070] The outer structure 103 comprises an outer fairing
103a defining an outer aerodynamic surface, and an inner
fairing 1036 defining an inner aerodynamic surface, the
outer 103a¢ and inner 1035 {fairings being connected
upstream by a leading edge wall (not represented) forming
the air inlet 108 lip 106.

[0071] The nacelle comprises a so-called cold source
surface heat-exchanger 12 (FIG. 2) between a heat-transfer
fluid C (FIG. 2) to be cooled down and a cold air flow F
(FIG. 2).

[0072] The cold source surface heat-exchanger 12 is dis-
posed within the outer structure 103. It is intended to
cooperate with a so-called hot source heat-exchanger 14
(FIG. 2) between an engine lubricant H (FIG. 2) to be cooled
down and the heat-transfer fluid C, via a circulation duct 15
(FIG. 2) of the heat-transfer fluid C.

[0073] The hot source heat-exchanger 14 is disposed
within the turbojet engine (not represented).

[0074] The assembly formed by the cold source heat-
exchanger 12 and the hot source heat-exchanger 14 forms a
cooling system 10 (FIG. 2) of the engine lubricant H.
[0075] FIG. 2 illustrates the cooling system 10 of the
engine lubricant H.

[0076] The cooling system 10 comprises the cold source
heat-exchanger 12 and the hot source heat-exchanger 14.
[0077] The heat-transfer fluid C circulates in the circula-
tion duct 15 and in the cold source heat-exchanger 12 where
it is cooled down by cold air F. The heat-transfer fluid C thus
cooled down then circulates in the hot source heat-ex-
changer 14 where it is heated up by the engine lubricant H.
[0078] Thus, the heat-transfer fluid C cooled down by the
cold source heat-exchanger allows cooling down the engine
lubricant H.

[0079] The heat-transfer fluid C is intended to circulate
both in the cold source heat-exchanger 12 and in the hot
source heat-exchanger 14.

[0080] A pump P enables the circulation of the heat-
transfer fluid C between the cold source heat-exchanger 12
and the hot source heat-exchanger 14.

[0081] An expansion vessel 17 allows accommodating the
variation of the volume of the heat-transfer fluid C by the
effect of temperature.

[0082] The expansion vessel 17 includes a closed tank.
Thus, the pressure in the expansion vessel 17 is directly
related to the volume occupied by the heat-transfer fluid in
the expansion vessel. This feature advantageously allows
controlling a maximum and/or minimum pressure in some
portions of the circulation duct 15 of the heat-transfer fluid
by only tuning the capacity (volume) of the expansion vessel

[0083] The expansion vessel 17 is filled with the heat-
transfer fluid C and with a volume devoid of heat-transfer
fluid, called gaseous sky, which serves as a buffer. It allows
limiting the pressure in the circulation duct 15 of the
heat-transfer fluid during the expansion of the fluid accord-
ing to the temperature.

[0084] The expansion vessel 17 is a pressurizing means.
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[0085] FIG. 3 illustrates the outer fairing 103a at the level
of the downstream section 112 of a nacelle 100 (FIG. 1)
comprising a cold source heat-exchanger 12.

[0086] The cold source heat-exchanger 12 comprises a
plurality of channels 16 disposed in parallel, in which the
heat-transfer fluid C circulates (FIG. 2). The channels 16 are
disposed in contact with the outer fairing 103a.

[0087] The outer fairing 103a being in contact with a cold
outside air flow, the heat exchange is carried out by con-
vection with the cold outside air flow.

[0088] In one variant that is not represented, the cold
source heat-exchanger 12 is disposed in contact with the
outer fairing 103q at the level of the upstream 104 or middle
110 section of the nacelle 100 (FIG. 1).

[0089] FIG. 4 shows that the channels 16 are formed by a
double-wall 18, 20 of the outer fairing 103a. Thus, the
heat-exchanger 12 forms at least partially the outer fairing
103a. This is referred to as structural heat-exchanger.
[0090] The double-wall 18, 20 comprises an area 18
intended to be in contact with outside air and an area 20
opposite to the area 18 intended to be in contact with outside
air. The area 18 intended to be contact with outside air is
smooth. This is referred to as aerodynamic surface. The
opposite area 20 is corrugated.

[0091] The channels 16 have a semi-circular shaped sec-
tion and a width L in the range of 10 mm, and the distance
D between the channels 16 is in the range of 30 mm.
[0092] Thus, the distance D between the channels 16 is
comprised between twice and five times the width L. of said
channels 16.

[0093] Each wall 18, 20 of the channels 16 has a thickness
E in the range of 2 mm. In this manner, the area 18 intended
to be in contact with outside air is adapted to withstand
lightning.

[0094] FIG. 5 illustrates a variant of channels 16' in which
the channels 16' have a triangular-shaped section.

[0095] The channels 16' according to this variant are
formed by a double-wall 18, 20 of the outer fairing 103a.
[0096] In the same manner as before, the double-wall 18,
20 comprises an area 18 intended to be in contact with
outside air and an area 20 opposite to the area 18 intended
to be in contact with outside air. The area 18 intended to be
in contact with outside air is smooth. This is referred to as
aerodynamic surface. The opposite area 20 is corrugated.
[0097] The channels 16' further have a width L in the
range of 10 mm, and the distance D between the channels 16
is in the range of 30 mm.

[0098] Thus, the distance D between the channels 16' is
comprised between twice and five times the width L. of said
channels 16'.

[0099] Each wall 18, 20 of the channels 16' has a thickness
E in the range of 2 mm. In this manner, the area 18 intended
to be in contact with outside air is adapted to withstand
lightning.

[0100] In one variant that is not represented, the opposite
area 20 has a thickness E comprised between 0.6 and 1.5
mm. Indeed, the opposite area 20 is not impacted by
lightning.

[0101] In one form that is not represented, the cold source
heat-exchanger 12 comprises a plurality of channels 16
disposed in parallel, in which the heat-transfer fluid C
circulates, the channels 16 being disposed in contact with the
inner fairing 10356 (FIG. 1). In this form, the heat exchange
is carried out by convection with the secondary cold air flow.
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The area 18 intended to be in contact with air is then
intended to be in contact with air from the secondary flow
path. In the same manner as before, the area 18 intended to
be in contact with air from the secondary flow path is
smooth. This is referred to as aerodynamic surface.

[0102] In this form, the wall 18, 20 has a thickness E
comprised between 0.6 and 1.5 mm. Indeed, the wall 18, 20
is not impacted by lightning.

[0103] In another form that is not represented, the cold
source heat-exchanger 12 is disposed in contact with the
outer fairing 103a and with the inner fairing 1035 and the
heat exchange is carried out by convection with the cold
outside air flow and the secondary cold air flow.

[0104] Unless otherwise expressly indicated herein, all
numerical values indicating mechanical/thermal properties,
compositional percentages, dimensions and/or tolerances, or
other characteristics are to be understood as modified by the
word “about” or “approximately” in describing the scope of
the present disclosure. This modification is desired for
various reasons including industrial practice, material,
manufacturing, and assembly tolerances, and testing capa-
bility.

[0105] As used herein, the phrase at least one of A, B, and
C should be construed to mean a logical (A OR B OR C),
using a non-exclusive logical OR, and should not be con-
strued to mean “at least one of A, at least one of B, and at
least one of C.”

[0106] The description of the disclosure is merely exem-
plary in nature and, thus, variations that do not depart from
the substance of the disclosure are intended to be within the
scope of the disclosure. Such variations are not to be
regarded as a departure from the spirit and scope of the
disclosure.

What is claimed is:

1. A surface heat-exchanger for a turbojet engine nacelle,
between a fluid to be cooled down and air, the surface
heat-exchanger comprising a circulation duct of the fluid to
be cooled down disposed in contact with the air, the circu-
lation duct comprising a plurality of channels, each channel
of the plurality of channels having a width between 5 and 50
mm, the plurality of channels extending in a common
direction with a distance between two adjacent channels
between two and five times the width of one of the plurality
of channels, wherein each channel of the plurality of chan-
nels has a wall comprising an area in contact with the air and
an area opposite to the area that is in contact with the air.

2. The surface heat-exchanger according to claim 1,
wherein the width of each channel of the plurality of
channels is variable from one channel to another.

3. The surface heat-exchanger according to claim 2,
wherein the distance between two adjacent channels is
between two to five times a maximum width of each channel
of the plurality of channels.

4. The surface heat-exchanger according to claim 1,
wherein the wall of each channel of the plurality of channels
has a thickness between 0.6 and 4 mm.

5. The surface heat-exchanger according to claim 1,
wherein at least the area in contact with the air has a
thickness between 1.5 and 4 mm.

6. The surface heat-exchanger according to claim 1,
wherein each channel of the plurality of channels has a
semi-circular shaped section or triangular-shaped section.
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7. The surface heat-exchanger according to claim 1,
wherein the fluid to be cooled down is a heat-transfer fluid
that is less flammable than a lubricant of a turbojet engine,
the heat-transfer fluid being a liquid at temperatures between
-70° C. and +175° C.

8. The surface heat-exchanger according to claim 7,
wherein the heat-transfer fluid is nonflammable at tempera-
tures between —-70° C. and +175° C. at a pressure of 10 bars.

9. The surface heat-exchanger according to claim 7,
wherein the heat-transfer fluid is a 3-Ethoxyperfluoro(2-
methylhexane).

10. The surface heat-exchanger according to claim 1,
wherein at least the area opposite to the area in contact with
the air is made of aluminum.

11. A cooling system comprising:

a surface heat-exchanger according to claim 1, wherein
the surface heat-exchanger is a cold source heat-ex-
changer; and

a hot source heat-exchanger between a lubricant to be
cooled down and the fluid being cooled down in the
cold source heat-exchanger.
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12. A turbojet engine nacelle comprising:

an outer structure and an inner structure defining an
annular flow path for a secondary cold air flow, the
outer structure comprising an outer fairing defining an
outer aerodynamic surface and an inner fairing defining
an inner aerodynamic surface, the outer and inner
fairings being connected upstream by a leading edge
wall forming an air inlet lip; and

a surface heat-exchanger according to claim 1.

13. The turbojet engine nacelle according to claim 12,
wherein the circulation duct comprises at least one circula-
tion area of the fluid to be cooled down formed by a
double-wall of the outer fairing or the inner fairing of the
turbojet engine nacelle.

14. The surface heat-exchanger according to claim 1,
wherein the width of each channel of the plurality of
channels is between 6 and 20 mm.

15. The surface heat-exchanger according to claim 1,
wherein the width of each channel of the plurality of
channels is between 10 and 15 mm.
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