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(54) AIRCRAFT WITH A VARIABLE FUSELAGE SURFACE FOR BOUNDARY LAYER 
OPTIMIZATION

(57) The invention refers to an aircraft (11) compris-
ing a propulsion system formed by engines (13a, 13b)
arranged to ingest boundary layer air. These engines
(13a, 13b) are placed inside of nacelles (15a, 15b) par-
tially embedded in the aircraft fuselage (21) and, thus,
their intake conduits (17a, 17b) are delimited by specific

fuselage areas (31a, 31 b) and the nacelles (15a, 15b).
For said specific fuselage areas (31 a, 31 b) the invention
provides skins (41 a, 41 b) with a flexible portion (43a,
43b) and actuation systems over them for changing their
surfaces to adapt them to the needs of the propulsion
system.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to aircraft with en-
gines arranged to ingest boundary layer air and more
particularly to aircraft with engines attached directly to
the aircraft fuselage.

BACKGROUND OF THE INVENTION

[0002] Although the engines of conventional aircraft for
passenger or cargo transportation are usually arranged
inside nacelles that are joined to the wings or to the fu-
selage by means of pylons, there are also known aircraft
with the engine nacelles partially embedded in the aircraft
fuselage such as the aircraft of Figure 1 with two engines
located in the rear fuselage.
[0003] These aircraft configurations are intended both
for eliminating the pylons (what reduces weight and drag)
and for housing Boundary Layer Ingestion (BLI) engines.
[0004] Partially embedded nacelles allow using BLI en-
gines that can improve the engine efficiency by means
of the ingestion of the lower speed boundary layer flow.
[0005] One of the problems raised by these aircraft
configurations is related with the flow control in the intake
conduit of the engines.
[0006] In this respect US 2011/0163207 discloses an
airplane provided with dual-flow turbojet engines wherein
the air intake of each engine is connected to the fuselage
by two boundary layer guiding walls, the walls extending
towards the upstream side of the air intake and being
spaced apart towards the upstream side.
[0007] Moreover US 7,784,732 B2 discloses a system
for reducing distortion at the aerodynamic interface plane
of a boundary-layer-ingesting inlet using a combination
of active and passive flow control devices. Active flow
control jets and vortex generating vanes are used in com-
bination to reduce distortion across a range of inlet op-
erating conditions. Together, the vortex generating
vanes can reduce most of the inlet distortion and the ac-
tive flow control jets can be used at a significantly reduced
control jet mass flow rate to make sure the inlet distortion
stays low as the inlet mass flow rate varies.
[0008] The present invention is also addressed to im-
prove the flow control in the intake conduit but focusing
the problem from a different perspective.

SUMMARY OF THE INVENTION

[0009] The invention refers to an aircraft comprising a
propulsion system formed by engines arranged to ingest
boundary layer air. These engines are placed inside of
nacelles partially embedded in the aircraft fuselage and,
thus, their intake conduits are delimited by specific fuse-
lage areas and the nacelles.
[0010] For said specific fuselage areas, the invention
provides skins with a flexible portion and actuation sys-

tems over them for changing their surfaces to adapt them
to the needs of the propulsion system. In other words,
the invention provides a variable range of performance
to the air current used for the boundary layer ingestion
engine.
[0011] In an embodiment the skins comprise inner flex-
ible portions, such as membranes made of an elastomer-
ic material or a composite material, attached to surround-
ing rigid shells which are joined to inner structural ele-
ments of said specific fuselage areas.
[0012] In an embodiment said inner flexible portions
have a semi-rigid grid embedded into them, being some
of their nodes the points to be actuated by the actuation
systems.
[0013] In an embodiment the actuation systems com-
prise linear actuators supported by the inner structural
elements and connected with some nodes of the inner
flexible portions of the skins.
[0014] Other desirable features and advantages of the
invention will become apparent from the subsequent de-
tailed description of the invention and the appended
claims, in relation with the enclosed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1 a is a schematic perspective view of an air-
craft with two engines placed inside of a nacelle par-
tially embedded in the rear fuselage.

Figure 1b is a plan schematic view of the circled area
of Figure 1 a.

Figure 2 is a schematic sectional view by the plane
A-A’ of Figure 1 a corresponding to a known aircraft.

Figure 3 is a schematic sectional views by the plane
A-A’ of Figure 1 a corresponding to an aircraft ac-
cording to the invention.

Figures 4a and 4b are separated schematic perspec-
tive views of the rigid and flexible portions of the skin
of the fuselage area belonging to the intake conduit
of an engine in an embodiment of the invention.

Figures 5a, 5b and 5c are schematic perspective
views of the skin of a fuselage area belonging to the
intake conduit of an engine illustrating three different
states of the surface of its flexible portion.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Figure 1a and Figure 1b show an aircraft 11 with
a propulsion system formed by engines 13a, 13b placed
inside nacelles 15a, 15b partially embedded in an aircraft
fuselage 21 and arranged to ingest boundary layer air.
[0017] In known aircraft (see Figure 1b) the engines
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13a, 13b receive the incoming air through intake conduits
17a, 17b delimited by the nacelles 15a, 15b and the areas
31a, 31b of the aircraft fuselage 21.
[0018] In aircraft with conventional fuselage structures
such as frames 23 and a rigid skin 25 (see Figure 2), the
shape of the fuselage areas 31 a, 31 b belonging to the
intake conduits 17a, 17b conditions the performance of
the engines 13a, 13b, placed inside the nacelles 15a,
15b.
[0019] In the embodiment of the invention illustrated in
Figures 3-5c, in the section corresponding to said fuse-
lage areas 31 a, 31 b, the aircraft fuselage 21, comprises
inner structural elements 23, 24 (typically frames and
beams/stiffeners), skins 41 a, 41 b with inner flexible por-
tions 43a, 43b attached to surrounding rigid portions 45a,
45b joined to the inner structural elements 23, 24 and
actuation systems over the flexible portions 43a, 43b of
the skins 41 a, 41 b to change the surface of the fuselage
areas 31 a, 31 a to adapt them to the needs of the pro-
pulsion system.
[0020] In this respect Figure 3 shows the left skin 41 b
in a situation where its actuation system is inactive and
the right skin 41 a in a situation where its actuation system
is active.
[0021] These needs may refer to an adaptation of the
fuselage areas 31 a, 31 b to new engines with different
features than the previous engines housed in nacelles
15a, 15b, to desired modifications of the geometry of the
intake conduits 17a, 17b or to different engine regime
points during a mission.
[0022] If the skin of the fuselage areas 31a, 31b is a
rigid skin it can only be optimum for a specific engine,
intake and engine regime.
[0023] In an embodiment the inner flexible portions
43a, 43b of the skins 41a, 41b have a semi-rigid grid 61a,
61b embedded into them with some of their nodes 65a,
65b being configured as the points to be actuated by
actuation systems comprising linear actuators 71 sup-
ported in the inner structural elements 23, 24 (see par-
ticularly Figures 4a-4b).
[0024] In an embodiment the inner flexible portions
43a, 43b of skins 41a, 41b are membranes made of an
elastomeric material.
[0025] In another embodiment the inner flexible por-
tions 43a, 43b of skins 41a, 41b are membranes made
of a composite material such as CFRP (if thin enough)
to maintain the equilibrium between being deformable
upon the actuation system but do not vibrate under nor-
mal air ingestion conditions to do not introduce perturba-
tions on the inflow of air.
[0026] The actuation systems are configured with the
linear actuators 71 connected with some nodes 65a, 65b
of the semi-rigid grid 61a, 61b of the flexible portions 43a,
43b of skins 41a, 41b and arranged to move forwards or
backwards to allow different configurations of said flexi-
ble portions 43a, 43b as shown, particularly, in Figures
5a-5c to adapt them to the needs of the propulsion sys-
tem.

[0027] In the embodiment illustrated in Figure 5a all
linear actuators 71 are moved forwards so that the flexible
portion 43b has a dome shape.
[0028] In the embodiment illustrated in Figure 5b four
linear actuators 71 are moved forwards and the central
lineal actuator is moved backwards to configure the flex-
ible portion 43b with a central depression.
[0029] In the embodiment illustrated in Figure 5c only
one linear actuator 71 is moved forwards to configure the
flexible portion 43b with a bulb in the left side.
[0030] Although the present invention has been de-
scribed in connection with various embodiments, it will
be appreciated from the specification that various com-
binations of elements, variations or improvements there-
in may be made, and are within the scope of the invention
as defined by the appended claims.

Claims

1. Aircraft (11) comprising a propulsion system formed
by engines (13a, 13b) arranged to ingest boundary
layer air; the engines (13a, 13b) being placed inside
of nacelles (15a, 15b) partially embedded in the air-
craft fuselage (21); the intake conduits (17a, 17b) of
the engines (13a, 13b) being delimited by fuselage
areas (31a, 31b) and the nacelles (15a, 15b); where-
in, in the fuselage section corresponding to said fu-
selage areas (31 a, 31b), the aircraft (11) comprises:

- inner structural elements (23, 24);
- skins (41a, 41b) with flexible portions in said
fuselage areas (31a, 31b);
- actuation systems for changing the surfaces
of the flexible portions of skins (41a, 41b) to
adapt them to the needs of the propulsion sys-
tem.

2. Aircraft (11) according to claim 1, wherein the skins
(41a, 41b) comprise inner flexible portions (43a, 43b)
attached to surrounding rigid shells (45a, 45b) which
are joined to the inner structural elements (23, 24).

3. Aircraft (11) according to claim 2, wherein the inner
flexible portions (43a, 43b) of the skins (41a, 41b)
have a semi-rigid grid (61a, 61b) embedded into
them, being some of their nodes (65a, 65b) the points
to be actuated by the actuation systems.

4. Aircraft (11) according to claim 3, wherein the flexible
portions (43a, 43b) of the skins (41a, 41b) are mem-
branes made of an elastomeric material.

5. Aircraft (11) according to claim 3, wherein the flexible
portions (43a, 43b) of the skins (41a, 41b) are mem-
branes made of a composite material.

6. Aircraft (11) according to any of claims 3-5, wherein
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the actuation systems comprise linear actuators (71)
supported by the inner structural elements (23, 24)
and connected with some of the nodes (65a, 65b) of
the inner flexible portions (43a, 43b) of the skins
(41a, 41b).

7. Aircraft (11) according to any of claims 1-6, wherein
the engines (13a, 13b) housed in the nacelles (15a,
15b) are located in the rear fuselage.
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