Europdisches
Patentamt

European
Patent Offlce

Office européen
des brevets

Espacenet my patents list on 15-10-2015 12:30

25 items in my patents list
Displaying selected publications

Publication Title Page
US6231004 (B1) Fluid dynamic lift generation 2
US2006196992 (Al) Cycloidal hybrid advanced surface eff... 16
EP2808253 (Al) Helicopter with cross flow fan 24
KR100810725 (B1) A VERTICAL TAKEOFF AND LANDING AIRCRAFT 37
CN102556335 (A) Flying-wing layout aircraft provided ... 55
W02005049422 (A2) AIRCRAFT 56
US2012256042 (Al) HELICOPTER WITH CYCLOIDAL ROTOR SYSTEM 105
JP2007533528 (A) AIRCRAFT 111
US6352219 (B1) Flying vehicle with lift generators 153
GB885663 (A) Improvement relating to aircraft 184




a2 United States Patent
Peebles

US006231004B1

(10) Patent No.:
45) Date of Patent:

US 6,231,004 B1
May 15, 2001

(54) FLUID DYNAMIC LIFT GENERATION

(76) Inventor: Patrick Peebles, La Mandriola, Via
Laurentina Km 14.2, Rome RM 00143
am)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

(21) Appl. No.: 09/242,502

(22) PCT Filed: Aug. 18, 1997

(86) PCT No.: PCT/EP97/04492
§ 371 Date: Feb. 16, 1999

§ 102(¢) Date: Feb. 16, 1999
(87) PCT Pub. No.: WO98/07622
PCT Pub. Date: Feb. 26, 1998

(30) Foreign Application Priority Data
AUg. 20, 1996 (GB) eooovevvecceeeeeooceeeeeeeeees e 9617440
(1) Int. CL7 o B64C 27/22; B64C 39/00
(52) US. Cl e 244/10; 244/9
(58) Field of Search ......cccoooovcvveencne. 2447206, 9, 10,
244/19, 21, 153 A, 39; 416/23, 24, 120,
130

(56) References Cited
U.S. PATENT DOCUMENTS

932,884 * 8/1909 Muckle ....cccoeevveeiiniininenenne 244/19
1,417,602 * 5/1922 Hedberg ....cccoovvvemvinvinninninnnnns 244/9
1,487,228 * 3/1924 Garcia ....ccceceeeveeieeieierieennenns 244/9
1,533,713 *  4/1925 Tafay ..ooovoeeeereeeereeeenes e 244/9
1,535,613 * 4/1925 McFarlane ....c.cccvevvevieviecncnas 244/9
1,613,834 * 1/1927 Jordanoff ...... 244/10
1,635,364 * 7/1927 244/9
1,714,608 * 5/1929 244/10
1,714,609 * 5/1929 .. 244/10
1,759,468 * 5/1930 244/9
o Tl ™

302

———
—
P, 4 —

1,773,432 * 8/1930 Mueller

1,796,860 * 3/1931 Bowers ...

1,820,919 * 9/1931 Massey ...

1,849,547 * 3/1932 Marsan ....

1,850,925 * 3/1932 Evans ......

1,875,276 * 8/1932 Steigert ...

1,879,594 * 9/1932 Trey ...

1,927,538 * 9/1933 Zaparka .

1,991,378 * 2/1935 Christiansen ........ccoeceeeeveeenenens 244/19

2,039,676 * 5/1936 Zaparka ..., 244/21

2,050,903 * 8/1936 Topliff ..... .. 244/9

2,173,832 * 9/1939 Fahrney .. 244/9

2,344,515 * 3/1944 Massey ... 244/10

2,397,189 * 3/1946 Main ....... 244/9

3,065,928 * 11/1962 Dornier ........oe.... 244/10

3,140,065 * 7/1964 Alvarez-Calderon .. 244/10

3,448,714 * 6/1969 Brooks .......cc.eeeee.. 416/24

4,307,677 * 12/1981 Jastram et al. .. 114/167

5,100,080 * 3/1992 Servanty .......c.ceceeiininnn 244/9

FOREIGN PATENT DOCUMENTS
003837812A1 * 5/1990 (DE) .ovvvivnivinnisunninsnsie s 244/206
885666 * 12/1961 (GB).

2029909 *  3/1980 (GB) ..ccccovvviivvciccciecnene. 416/24

357186069A * 11/1982 (JP) .ccovviiviiiiciicinceice e 416/24

* cited by examiner

Primary Examiner—Peter M. Poon
Assistant Examiner—Son T. Nguyen
(74) Attorney, Agent, or Firm—TFlint & Kim, P.A.

(57) ABSTRACT

An aircraft lifting member (wing) comprises a crossflow
rotor 2 formed of a core 4 having rotor vanes 5 mounted
around it, disposed in a trough 3 at the front upper part of a
wing-like body 1. Rotation of the rotor induces a down-
wardly and rearwardly directed airflow over the upper
surface 6 of the wing-like body 1 generating both lift and
thrust. The upper part of the rotor vane path projects above
the upper surface 6 and the lift-generating member is open
at the leading edge to expose the cross-flow rotor 2 to the
incident airflow.

9 Claims, 8 Drawing Sheets
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1
FLUID DYNAMIC LIFT GENERATION

The present invention relates to an improved form of
lifting member using a fluid flow, either of an aerodynamic
nature or a hydrodynamic nature. It Is particularly useful for
an aircraft, and in particular as a high lift wing which will
provide both high lift and thrust for a low speed aircraft,
making it attractive for STOL (short takeoff and landing)
purposes.

In the past STOL aircraft have depended upon either lift
augmentation of an aerofoll wing, for example by blown
flaps and/or the use of slats and leading edge flaps, and/or
upon the use of a tilt wing construction where an engine is
mounted fixed in relation to the wing so that tilting the wing
to a higher angle of incidence also tilts the engine to give a
measure of vectored thrust. Vectored jet thrust in the context
of vertical/short take-off and landing (V/STOL) flight is also
known.

The present invention aims to provide a novel way of
achieving high lift at low forward speed of an aircraft.

GB-A-885888 discloses the use of a cross flow rotor at
various locations in an aerofoll body, and includes in FIGS.
27 and 26 a cross-low rotor embedded in the leading edge of
the aerofoll body.

In accordance with the present invention there is pro-
vided a lift-generating member comprising a wing-like body
defining leading and trailing edges and opposed surfaces
which converge towards said trailing edge, and a spanwise
extending cross-flow rotor positioned adjacent the leading
edge and one of said opposed surfaces to define an air intake
region and an air discharge region along the circumferential
path of the rotor vanes; wherein the rotor rotates in a
direction which carries the rotor vanes in the part of their
path which is adjacent said one opposed surface in a
direction which extends towards the trailing edge of the
wing-like body; characterised In that the surface of the rotor
projects proud of the said one opposed surface over at least
said air discharge region; and in that the rotor is exposed to
air at the leading edge of the wing-like body to define a
leading edge of the lift-generating member and to take in air
at the front of said body and to discharge it over said
opposed surface as a result of rotation of the rotor.

By providing for a differential in efficiency between the
rotors on either side of the center line of an aircraft it is
possible to control the lift differentially, to give a means of
banking the aircraft.

If desired, the rotors may provide not just the lift but also
all of the thrust which is required for forward propulsion of
the aircraft, in which case differential power to either side of
the centre line of the aircraft also provides for a measure of
yaw control and for a means of controlling the aircraft in a
stable banked turn.

In order that the present invention may more readily be
understood the following description is given, merely by
way of example, with reference to the accompanying
drawings, in which:

FIG. 1 is a cross-section through a first embodiment of
lifting member in accordance with the present invention;

FIG. 2 is a view similar to FIG. 1 but on a reduced scale
and showing a modified form of the wing body of the lifting
member;

FIG. 3 is a top plan view of an aircraft incorporating the
lifting member of FIG. 1;

FIG. 4 is a table of operating parameters measured using
a tethered wing of the design shown in FIG. 1,

FIG. 5 is a graph of rotor input power plotted against lift
in grams force;
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2

FIG. 6 is a sectional view of third embodiment of the
lifting member according to the invention, shown from the
opposite side from that in FIGS. 1 and 2;

FIG. 7 is a view similar to FIG. 6 but showing a fourth
embodiment of the lifting member incorporating two alter-
native forms of flow control (shown on the one drawing for
the sake of simplicity);

FIG. 8 is a view similar to FIG. 6 but of a fifth
embodiment of the lifting member;

FIG. 9 is a view similar to FIG. 6 but showing a sixth
embodiment of lifting member with a more open front to the
leading edge crossflow rotor;

FIG. 10 is a view similar to FIG. 6 but showing a seventh
embodiment of the lining member with inlet guide vanes to
assist flow into the crossflow rotor;

FIG. 11 is a view similar to FIG. 6 but of an eighth
embodiment of lifting member according to the invention;
and

FIGS. 12a and 12, respectively, show a ninth embodi-
ment of the lifting member of the present invention, with
inlet guide means open in FIG. 124 but closed in FIG. 12b.

The lifting member shown in FIG. 1 uses the combina-
tion of a tapered wing-like body 1 and a spanwise extending
cylindrical crossflow rotor 2 set into an upwardly open
trough-like recess 3 in the front of the wing body 1 near the
leading edge 7 of the wing body. As shown In FIG. 1, the
crossflow rotor 2 projects upwardly into the airflow passing
over the upper surface 6 of the body 1 and it is indeed the
rotation of the rotor 2, in the clockwise direction as viewed
in FIG. 1, that induces this airflow. The rotor is open to the
incident airflow at the front of the lifting member.

FIG. 1 shows that the rotor 2 is a form of crossflow rotor,
also known as a tangential flow rotor, extending spanwise
along the wing body. In its crudest form the rotor has a
succession of discs 9 with high aspect ratio fan vanes 5
extending between the successive discs along the rotor. An
optional central shaft 4 connects the various discs together
and is driven by the drive means, which preferably includes
a differential gearbox mechanism to vary the power distri-
bution between such a lifting member to one side of the
aircraft, and a similar such lifting member the other side.
Such a rotor will of course be able to be used with any
alternative wing body shape such as any of those shown in
FIGS. 1, 2 and 6 to 12.

The crossflow rotor 2 rotates clockwise as viewed in FIG.
1 and generates an airflow, shown by the double-headed
arrows, deflected upwardly over the upper surface of the
rotor core 4 at an air intake region of the rotor blade path and
then passing obliquely downwardly from an air discharge
region of the rotor blade path to follow the upper surface of
the tapering wing body 1. At the trailing edge of the wing
body 1 the airflow will detach in the form of a downwardly
and rearwardly moving stream which generates a downward
component of airflow giving rise to augmented lift of the
lifting member, and also a rearward component which
generates thrust to induce forward propulsion of the lifting
member. Although not shown in FIG. 1, when forward
propulsion of the lifting member is established there will be
also be an airflow passing under the wing body 1 so that the
incident airstream from the left hand side of the lifting
member shown in FIG. 1 will divide, with some passing over
the rotor and the rest passing under the wing body, and with
these two flows recombining, preferably with minimum
turbulence, at the trailing edge. This, combined with an
aerofoll general shape to the cross-section of the lifting
member (wing body 1 and crossflow rotor 2) may also
generate aerodynamic lift in the conventional manner.
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By increasing the speed of rotation of the rotor its output
power can be increased and hence both the lift and the thrust
on that lifting member can be increased.

As will be clear from a reading of the following
description, there are various other possibilities for design-
ing the spanwise crossflow rotor 2. However, the concept
remains the same in that there will be an airflow induced
over the wing body giving rise to both lift and thrust.

An aircraft incorporating the lifting member in accor-
dance with the present Invention may have additional thrust-
generating means such as at least one engine driven propel-
ler or at least one turbine or rocket engine, but it is envisaged
that all of the thrust may be derived from the crossflow rotor
2.

Hence variation of the speed of rotation of the rotor 2 (or
its efficiency by means shown in FIGS. 7, 12¢ and 12b) will
not change simply the lift on that lifting members; It may
also vary the thrust of that same lifting member to an extent
which will allow yaw control of the aircraft having such a
lifting member as a wing.

Where this differential lift facility is available it is
possible for the aircraft to omit the convention lateral
guidance means (such as a rudder) and/or roll control means
(for example ailerons).

Although it is possible for ailerons to be omitted in their
entirety, it may be helpful to have ailerons present in order
to compensate for the de-stabilizing effects of a side-wind on
cross-wind lending. Where ailerons are provided, it is
expected that they will still produce aileron-induced yaw.

An aircraft using the lifting member of the present
invention may include a variable speed drive motor driving
a means (such as a differential gearbox) of varying the
division of power between the spanwise rotor of the lifting
member on the starboard side and the spanwise rotor of the
lifting member on the port side, for the purposes of control-
ling yaw and/or roll.

It is also conceivable for the speed control to be linked
to a conventional pitch control means such as a control
column normally driving an elevator, so that increasing the
motor speed will increase the power to both port and
starboard side of the aircraft and hence increase the lift,
giving a nose-up tendency, and vice versa. This may either
augment or replace the elevator. Alternatively conventional
elevator control may be employed, and the speed of the
motor diving the rotor 2 may instead be controlled sepa-
rately In the manner of lift augmentation means such as
leading edge and/or trailing edge flaps of a conventional
aircraft.

Equally it is possible for there to be a control surface
attached to the wing body 1, for example of the trailing edge,
in order to vary the aecrodynamic camber of that wing body
for the purposes of further augmenting lift.

If desired the wing body member 1 of FIG. 1 may have
the trailing edge occurring at the end of a sharper taper zone
starting at a point on the upper surface of the tapering wing
body. In this case the undersurface of the wing body may be
a continuous planar surface as shown in FIG. 1. However
alternatively the undersurface could equally include a point
of discontinuity (similar to such a point of the upper surface)
at which the angle of inclination of the lower surface either
increases or decreases.

Also, the trailing edge may be at the end of a downwardly
curved portion of the wing body to impart aerofoll camber
to the wing today, resulting from the curvature of the part of
the wing body behind the trough 3 and rotor 2. The upper
surface may be convex overall (so that for the entire wing
body can be of curved form with a generally aerofoll
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configuration) or may become convex after a point marking
the termination of a forward generally planar upper surface.
(It will of course be appreciated that the downwardly curved
portion may be in the form of a succession of generally
planar surfaces giving rise to a succession of stepped regions
of different inclinations to resemble such a curved
configuration).

In all of the embodiments the vanes may form a close
non-interference fit with the concave part-cylindrical wall of
the wing body defining the trough 3.

In the preferred embodiment shown in FIG. 1, the rotor
discs 9 have a diameter of 80 mm. Between two successive
rotor discs 9 along the span of the lifting member are 16
rotor vanes 5, in this case each of 10 mm chord and 0.6 mm
thickness. The blades are part-cylindrical curved sheets
having a 30 mm radius of curvature. This is the design of
prototype used for the tests whose results are shown in
FIGS. 4 and 5.

In this case the trough 3 is part-cylindrical and has the
discs 9 fitting closely within it. It extends over 155° of arc
of the cylinder defining the trough. Thus, as viewed in FIG.
1, the left hand- or leading edge-side of the wing body
member is cut away at 7 to expose the rotor to the incident
airflow.

As shown in FIG. 1, the rotor vanes 5 are in this case set
at an angle of 30° with respect to that radius which also
passes through the edge of the rotor vane 5 lying farthest
from the shaft 4. It may also be of value to control the angle
of these blades while the rotor is turning. This could be in the
form of collective pitch which would change the angle of all
the blades at the same time or in the form of cyclic pitch
control which would control the angle of the blades depend-
ing on their position relative to the wing body.

FIG. 2 shows a variant, generally similar to the embodi-
ment of FIG. 1, but with a slat or cover 8 over the rotor to
define a slot to control the airflow over the upper surface of
the lifting member.

A model incorporating the design shown in FIG. 1 has
been run using direct drive to the rotors to each side of the
fuselage centre line of the model. Such a model is shown in
plan view in FIG. 3 as comprising a fuselage 20 having a
fixed tail plane 21 and a port wing body 224 and a starboard
wing body 22b. In this case a fin or vertical stabilizer 23 has
also been mounted on a tail 24 of the model. The rotor has
been omitted from FIG. 3 but the trough 3a and 3b of the
respective wing member 22a and 22b is illustrated. It is thus
possible to visualise the way in which the lifting body
cross-section of FIG. 1 has been adapted to the model
aircraft.

The model has an all up weight of 3.4 Kg which includes
a 1 horse power motor of 5 cc displacement. The wing span
of the model is 206 cm, and this comprises two active wing
bodies 22a and 22b each of 93 cm span.

The model was flown in radio-controlled free flight. The
airspeeds and power values (see FIGS. 4 and 5) were
extrapolated using the test results of a 90 cm span tethered
wing prototype of the wing body of FIG. 1.

For take-off the motor was running at one-third of its
maximum power. Stable flight speed was measured as
approximately 5.5 metres per second.

A similar tethered test was carried out using a single
lifting member, of the type shown in FIG. 1 with its rotor 2
driven by an electric motor, mounted on a mast and coun-
terbalanced by a mass arm. With such an apparatus the
various parameters shown in FIG. 4 were determined. They
are as follows:
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V represents the voltage applied to the motor.

A represents the motor current in amps.

The third column shows the rotor speed in r.p.m..

W represents the rotor input power in watts.

The fifth column represents the forward (propulsive)
thrust measured when the lifting member was held
stationary, i.e. not allowed to orbit the mast.

The sixth column shows the average time to complete one
revolution about the mast, when in the steady state.

The seventh column tabulates the lift force in grams.

The eighth column is the quotient of lift (gm) divided by
rotor input power (watts) (i.e. the value in the seventh
column divided by the value in the fourth column).

The ninth column illustrates the ratio of static thrust:lift
(static thrust as shown in the fifth column, and lift as
measured while the wing was in motion) for each value
of the rotor speed and power quoted in the third and
fourth columns.

FIG. 5 illustrates a plot of the input power of the rotor
measured in watts, as the ordinate, and the lift in grams
measured as the abscissa. The points correspond to the
measured values tabulated in FIG. 4, and the straight line
illustrates the theoretical (compromise) plot and can be seen
to be a nearly straight line.

In other words, the efficiency of the lifting member shown
in FIG. 1 appears to be constant over the range of rotor
speeds tested, and over the orbiting speeds encountered.

There are of course various alternative possibilities for the
geometry of the rotor used with the device of FIG. 1. For
example, the thickness and chord values of the rotor vanes
5 may be varied. The angle of incidence (30° in FIG. 1) of
the rotor vanes may be changed. Also, the angle of are
subtended by the trough 3 may be varied.

With the device shown in FIG. 1 it has been discovered
that, for a given rotor speed, the lift tends to increase as the
speed increases. Bearing in mind that the vertical projection
P, of the part of the rotor on which the incident air impinges
is much greater than the projection P, on to a line normal to
the upper surface 6 of the wing body, it is possible that there
is some form of compressibility effect generated through the
ram effect of the incident air arriving at the rotor area
exposed at the front of the lifting member.

The included angle of taper of the wing body 1 of FIG. 1
is approximately 45°. However, this can be varied. The air
discharged tangentially from the rotor thus follows a direc-
tion approximately 45° to the vertical, giving substantial 1lift
and thrust components.

Various alternative forms of the lifting member 1 are
shown in FIGS. 6 to 12 as follows:

In these various drawings the direction of the airflow
relative to the lifting wing is from right to left whereas in
FIGS. 1 and 2 it was from left to right. In each view the
direction of rotation of the crossflow rotor is illustrated by a
single headed arrow and in FIG. 6 a vortex airflow within the
rotor is illustrated by doubled headed arrows, with the centre
of the vortex being designated v, but in practice the position
of the vortex will be located by experiment if the position of
the centre needs to be known.

It is known that the efficiency of the crossflow rotor
increases with the establishment of a vortex within and
eccentric to the path of the rotor vanes, and rotating at an
angular velocity much higher than that of the rotor and in the
same direction of rotation. The establishment of such a
vortex is enhanced by various means shown in FIGS. 6 to
12.

In FIG. 6 the shroud 3 has its front end turned inward at
3a, and the result of this is the formation of a vortex centred
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within the rotor and having the direction of rotation indi-
cated by the double headed arrows. FIG. 6 also illustrates the
angle of incidence a of the wing body 1 measured in terms
of the inclination of the underside of the wing body.

FIG. 7 shows a departure from FIG. 6 in that the underside
of the wing body 1 is concave to impart a degree of camber
to the wing body, but furthermore the wing body of FIG. 7
has additional control features. At the front end of the shroud
3 is a movable baffle 11 which can be retracted to the
position shown in FIG. 7 to allow maximum airflow into the
rotor or can be extended upwardly and rightwardly so as to
mask the inlet of the rotor to some extent, and thus to control
the efficiency of that particular lifting body.

Also shown in FIG. 7 is a movable spoiler 12 which is
illustrated in FIG. 7 as being extended so as to attenuate or
to destroy the vortex. This again provides a measure of
control of the efficiency of the lifting body.

It is envisaged that the baffle 11 and the spoiler 12 would
be able to be used independently of one another, or together
in the same embodiment, and for the sake of simplicity they
have been shown in FIG. 7 as both being present. In FIG. 7
the shroud 3 is no longer concentric with the rotor 2 but has
its end points 3b and 3c closer to the path of the vanes 5 of
the rotor than is the shroud at a point between them (for
example where the spoiler 12 is mounted), and this helps to
generate the vortex provided either there is no spoiler 12
present or that spoiler has been moved anticlockwise from
the FIG. 7 position to lie flush with the shroud 3.

FIG. 8 again has the shroud 3 non-concentric between the
points 3b and 3c, in order to establish the vortex, but in this
case there is a forward extension 34 of the shroud from the
point 3b and substantially concentric with the rotor vane
path.

On the other hand, FIG. 9 lacks this forward extension 3d
and provides a more open construction which, for a given
speed of rotation of the crossflow rotor 2, is able to admit
and discharge a greater volume flow rate of air than with the
FIG. 8 embodiment.

FIG. 10 provides for a larger air inlet area and relies on a
bulge 1a of the lifting body 1 to define the necessary
non-concentric portion, even though in this case there is no
shroud as such. The formation of the vortex results from the
cut away configuration of the part of the lifting body 1 facing
the crossflow rotor 2. Towards the lower leading part 15 of
the lifting body 1 is a concave section which, together with
guide vanes 15, defines an inlet path or nozzle to guide
incident air into the rotor blade path and hence to establish
better the vortex and the flow through the crossflow rotor.

FIG. 11 again uses a bulge 1a, but this time positioned
much higher on the lifting body 1 so that the air inlet
“nozzles” defined by the convex surface of the lifting body
1 between bulge 1la and front 1b; also the two guide vanes
1§ are much longer than in the FIG. 10 embodiment. This
appears to give the most open configuration of the rotor,
allowing the best possible flow conditions through the rotor.

FIGS. 124 and 125 illustrate an alternative form of the
lifting body 1 in which the inlet configuration can be altered
in flight to control the efficiency of the lifting body. FIG. 124
shows a set of four straight inlet guide vanes 17, pivotable
about their respective shafts 18, between the open position
shown in FIG. 124 and a closed position shown in FIG. 12b.
The lifting body 1 does have a vestige of the shroud 3, and
it is possible to liken the inlet guide vanes 17 in their FIG.
124 position to the inlet guide vanes 15 of FIGS. 10 and 11,
and in their closed (12b) position to the shroud extension 3d
of FIG. 8 or the shrouds 3 of FIGS. 6 and 7.

Although only FIGS. 7 and 10 illustrate camber of the
lifting wing body by means of a concave underside, it would
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of course be appreciated that any of the embodiments shown
may have such a concave underside and/or a convex upper
surface (6 in FIG. 1) to impart camber to the body.

Although the above description is based on a lifting
member for an aircraft, there are various other possibilities.
It may be that the device may have hydrodynamic
applications, for example in propelling boats using such a
member as an immersed keel or a hydrofoil wing.

In the aerodynamic field, the device may also be used for
propelling and controlling boats using the aerodynamic
effect rather than the hydrodynamic thrust of an immersed
SCIEW.

When used as the lifting wing for an aircraft, as men-
tioned above it is possible for other thrust means to be
omitted and for the airflow generated by the rotor to provide
all of both thrust and lift. With reference to the (model)
aircraft depicted in FIG. 3, the drive motor for the rotors may
operate such that pushing the control column to the left
(port) will cause the rotor(s) of the starboard side lift-
generating member to rotate faster than the rotor(s) on the
port side, giving controllable roll and yaw to allow a
balanced banked turn to be executed. There may still be a
rudder to provide for the yaw, in which case this will be
connected to the pilot’s foot pedals. There may equally be
some interconnection between the foot pedals and the speed
differential mechanism, so that at high rotor powers there
will be less rudder deflection needed for a given degree of
yaw.

The elevator may be dispensed with but is more likely to
be present and controlled by a trim lever rather than by
rearward movement of the control column.

An aircraft incorporating such a lifting member will
provide adequate degrees of lift at low speeds and will
therefore have good STOL characteristics. The noise gen-
erated will be much lower than that of a conventional jet or
propeller-driven machine. Because a large quantity of air is
moving at a very low speed through the rotor the rotor blades
themselves move slower than a conventional driving pro-
peller so the blade noise can be much lower than that of a
propeller.

In order to reduce noise levels still further it may be
advantageous to shape the rotor vanes 5 so as to follow the
path of a very coarse pitch helix about the axis of rotation of
the shaft 4 so that they are nearly, but not quite, straight. This
may avoid any tendency for a sudden noise to be created as
cach blade enters the trough at the trailing edge of the trough
because whereas a straight blade parallel to that trough
trailing edge will pass the trough edge at a single instant, a
slightly helical blade will not but will instead have a point
of approach which travels along the span of the wing body
1 (rather like the shearing action of the rotary blades of a
cylinder mower passing a stationary straight blade).

An aeroplane incorporating such a lifting member will,
for example, be applicable to sport and tourism in that an
open-cockpit aircraft can be constructed to fly slowly and
quietly using such a system. Equally, it can be useful for
carrying loads over short distances (in view of its low flying
speed). Furthermore, it can be useful for crop-dusting.

For passenger transport it may be particularly convenient
to use this as a shuttle craft between nearby airports.

In the event of engine failure the spanwise rotors may be
driven in autorotation by the airflow, so that recovery from
a loss of lift would require simply an increase in forward
speed, in a dive, and then, on nearing the ground, flattening
out the flight path to exploit the kinetic energy of the rotor
somewhat like the case of engine-off autorotation of a
helicopter.
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I claim:

1. Alift-generating member comprising a wing defining a
front end and a trailing edge, opposed first and second wing
surfaces which converge towards said trailing edge, and a
spanwise extending tangential-flow rotor having vanes and
positioned adjacent the front end and said first wing surface
to define an air intake region and an air discharge region
along the circumferential path of the rotor vanes; wherein
the rotor rotates in a direction which carries the rotor vanes
in the part of their path which is adjacent said first wing
surface in a direction which extends towards the trailing
edge of the wing; characterised in that the rotor projects
radially proud of the said first wing surface over at least said
air discharge region; and in that the rotor is exposed to air
at the front end of the wing to define a leading end of the
lift-generating member and to take in air at the front end of
said wing and to discharge it over said first wing surface as
a result of rotation of the rotor.

2. Alift-generating member comprising a wing defining a
front end and a trailing edge, opposed first and second wing
surfaces which converge towards said trailing edge, and a
spanwise extending tangential-flow rotor having vanes and
positioned adjacent the front end and said first wing surface
to define an air intake region and an air discharge region
along the circumferential path of the rotor vanes; wherein
the rotor rotates in a direction which carries the rotor vanes
in the part of their path which is adjacent said first wing
surface in a direction which extends towards the trailing
edge of the wing; characterised in that the wing defines a
trough extending spanwise of the wing; in that said trough
has parallel leading and trailing edges of which the leading
edge of the trough defines said front end of the wing and the
trailing edge of the trough is flush with said first wing
surface; in that the rotor is positioned in said trough; in that
the rotor projects radially proud of the said first wing surface
over at least said air discharge region; and in that the rotor
is exposed to air at the front end of the wing to define a
leading end of the lift-generating member and to take in air
at the front end of said wing and to discharge it over said first
wing surface as a result of rotation of the rotor.

3. Alift-generating member according to claim 2, wherein
said rotor includes a plurality of discs extending perpen-
dicular to the span of said wing, said rotor vanes being
mounted between the discs to extend in a direction parallel
to the axis of rotation of said rotor body between adjacent
said discs, and being secured to the discs with an angle of
inclination relative to the radius of the disc to which the vane
is attached.

4. A lift-generating member according to claim 2, wherein
said wing has an effective camber between its front end and
its trailing edge by virtue of the geometry of the part of the
wing located behind the rotor.

5. Alift-generating member according to claim 2, wherein
each said rotor vane extends along a helix centered on the
axis of rotation of the rotor.

6. A lift-generating member according to claim 2, wherein
the front end of the wing includes a shroud around a part of
the circumference of the rotor and having one part which is
closer to the rotor circumference than is the remainder of the
shroud.

7. An aircraft incorporating port and starboard lift-
generating members in accordance with claim 2, and drive
means for driving the spanwise rotors of said lift generating
members, and including means to vary the distribution of
power between the port and starboard lift generating mem-
ber rotors.

8. An aircraft according to claim 7, wherein said power
distribution varying means are controlled by a pilot’s control
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column of the aircraft whereby displacement of the control 9. An aircraft according to claim 7, wherein said rotors
column to port generates a condition in which the power provide the sole means of generating propulsive thrust for
distribution to the rotors provides for a higher speed of the the aircraft.

starboard rotor as compared with that of the port rotor. ook ok ok
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57) ABSTRACT

A “wing in ground effect” aerial vehicle includes a wing
mounted on a fuselage, and two cycloidal propulsion units
for providing lift, thrust and longitudinal control. Additional
lift is provided by a lighter-than-air gas such as helium
contained in the fuselage. Operationally, the two cycloidal
propulsion units and the volume of lighter-than-air gas are
concertedly regulated to achieve “wing in ground effect”
flight. Importantly, the two cycloidal propulsion units may
operate in one of several modes, to include a curtate mode,
a prolate mode, and a fixed-wing mode. Additionally, the
vehicle may hover. Also, a thruster unit is mounted on the
fuselage for providing forward thrust in combination with,
or in lieu of, the two cycloidal propulsion units.
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CYCLOIDAL HYBRID ADVANCED SURFACE
EFFECTS VEHICLE

FIELD OF THE INVENTION

[0001] The present invention pertains generally to aerial
vehicles. More particularly, the present invention pertains to
“wing in ground effect” aerial vehicles. The present inven-
tion 1s particularly, but not exclusively, useful as a “wing in
ground effect” aerial vehicle having a plurality of cycloidal
propulsion units for providing thrust, lift and longitudinal
stability.

BACKGROUND OF THE INVENTION

[0002] Traditionally, the long-range transport of civilian
and military cargo has been accomplished by either sea lift
assets or large cargo-carrying aircraft. In the case of ocean-
going vessels, large port facilities are required. Also, the
time required to transport cargo by sea for long distances can
be significant. In the case of large cargo-carrying aircraft, the
size of the payload is limited. With this as a limitation, the
costs to operate such aircraft (e.g. maintenance and fuel
costs) can be prohibitive. The air transport of cargo, how-
ever, 1s relatively fast. Airframe designers, therefore, con-
tinue to look for ways to maximize the cargo carrying
capability of aircraft, while maintaining or improving on the
fuel efficiency and transport range of these aircraft. Typi-
cally, the engineering options that are considered include
designing lighter aircraft, designing aircraft with more effi-
cient engines, and designing aircraft with greater fuel car-
rying capability. Yet another option has been to develop
aircraft that take advantage of certain natural phenomena
associated with winged flight, specifically surface effects or
“wing-in-ground” (WIG) effects.

[0003] To better understand the operational advantages
and limitations of WIG vehicles or aircraft, it is important to
first understand the underlying aerodynamics of the “wing in
ground” effect. In general, when a fixed-wing aircraft flies
near the earth’s surface, an air cushion is created between
the underside of the wing and the ground. In this flight
environment, the air cushion imparts lift to the aircraft,
while at the same time reducing drag on the aircraft. In
actuality, the air cushion effect results from two physical
phenomena often respectively referred to as “chord-domi-
nated ground effect” and “span-dominated ground effect”. In
particular, chord-dominated ground effect acts to increase
the lift of the aircraft, while span-dominated ground effect
acts to reduce the induced drag on the aircraft. The combined
effect of the two phenomena is to increase the lift to drag, or
L/D ratio, thereby allowing for more efficient flight on the
“cushion of air”.

[0004] As can be appreciated by the skilled artisan, the
span-dominated ground effect is most apparent in aircraft
with a high aspect ratio wing. Specifically, the higher the
aspect ratio, which is the wingspan divided by the average
chord length of the wing, the lower the induced drag will be.
Notably, as the wing gets closer to the earth’s surface and the
wing vortices are constrained and weakened at the wing tips,
the “effective” aspect ratio of the wing increases beyond the
geometric aspect ratio. As a result of the increase in this
“effective” aspect ratio, the induced drag is reduced. Also, a
reduction in drag is most pronounced when the ratio of the
aircraft operational altitude to the length of the wingspan is
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on the order of 1:10. It can be mathematically shown that the
net result of an increased “effective” aspect ratio, and a
decreased aircraft altitude-to-wingspan ratio, can be a reduc-
tion in induced drag by as much as 50%.

[0005] Chord-dominated ground effect relies primarily on
the fact that pressure under the wing increases as the aircraft
flies nearer to the ground. Therefore, as the aircraft-to-
ground distance decreases, the lift imparted to the aircraft
from higher pressures under the wing significantly increases.
Due to these combined effects (i.e. span dominated and
chord dominated ground effects), WIG vehicles are able to
transport heavier loads further, using less power and less fuel
than would be possible for flight out of ground effect. Not
surprisingly, WIG vehicles normally operate over water,
where it is possible to fly close to the surface of the earth for
extended distances without encountering obstructions.

[0006] A critical design concern for WIG vehicles is
longitudinal stability and control as the aircraft transitions
from WIG dominated flight to “free flight” at higher alti-
tudes. In the transition between WIG flight and “free” flight,
WIG vehicles have a tendency to dramatically “pitch up.”
Traditional WIG designs have compensated for this “pitch
moment” by employing various techniques for aerodynamic
pitch control well known in the aircraft industry, to include:
using very large vertical tail planes; optimizing the vehicle
center of gravity; and modifying the wing design. Although
many of these solutions are effective at controlling “pitch
up,” many also increase the vehicle weight which adversely
impacts both fuel efficiency and power.

[0007] 1In light of the above, it is an object of the present
invention to provide an aerial vehicle that takes advantage of
the “wing-in-ground effect” to optimize lift capability,
vehicle speed, fuel efficiency and operating range. Another
object of the present invention is to provide an aerial vehicle
that integrates “lighter-than-air” lift and cycloidal propul-
sion subsystems into a WIG vehicle. Still another object of
the present invention is to provide an aerial vehicle with
improved longitudinal stability and control. Yet another
object of the present invention is to provide an aerial vehicle
that is simple to operate, relatively easy to manufacture, and
comparatively cost effective.

SUMMARY OF THE INVENTION

[0008] The aerial vehicle of the present invention includes
a fuselage which defines a longitudinal axis. Preferably, the
fuselage is comprised of two pods, wherein the first pod is
Juxtaposed with and is parallel to the second pod. Further,
the two pods are positioned an equal distance, in opposite
directions, from a plane of symmetry containing the longi-
tudinal axis. Also, each pod of the fuselage is formed with
an interior chamber for receiving and containing a lighter-
than-air gas such as helium.

[0009] In addition to the two pods, the vehicle includes a
wing that is fixedly mounted on the fuselage and is substan-
tially symmetrical relative to the plane of symmetry. Also
mounted on the fuselage are two cylindrical-shaped cycloi-
dal propulsion units that are positioned between the two
pods. More specifically, each unit is oriented with its lon-
gitudinal axis substantially perpendicular to the plane of
symmetry. Further, one propulsion unit is positioned for-
ward from the center of the fuselage, while the other
propulsion unit is positioned aft of the center of the fuselage.
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[0010] In addition to the two cycloidal propulsion units,
the vehicle also includes a pair of thruster units that are
mounted at the aft end of the fuselage. In the preferred
embodiment of the present invention, a respective thruster
unit is mounted on the aft end of each of the two pods.
Although the thruster units are positioned to provide forward
thrust for the vehicle, they are also able to provide some
turning and directional control for the vehicle.

[0011] In addition to the propulsion units disclosed above,
a cargo container is also mounted on the vehicle between the
pods of the fuselage. In particular, the cargo container is a
generally airfoil-shaped container mounted between the two
pods and positioned aft of the forward cycloidal propulsion
unit.

[0012] With specific regard to the two cycloidal propul-
sion units, the primary and secondary hub assemblies of
each unit are selectively controlled to rotate about a hub axis
of rotation that is perpendicular to the plane of symmetry. In
each unit, a plurality of airfoil shaped blades extend
between, and are attached to, the two hub assemblies for
rotation therewith. Additionally, each blade is supported by
a center guide that allows each blade to individually rotate
about its own blade axis. Within this configuration, the two
cycloidal propulsion units can be set to operate in one of
three modes of operation. As more fully disclosed in co-
pending U.S. patent application Ser. No. 10/690,284 which
issued to Tierney and is assigned to the same assignee as the
present invention, these three modes of operation are a
curtate mode, a prolate mode, and a fixed-wing mode. In the
curtate and the prolate modes of operation, the two hub
assemblies of each cycloidal propulsion unit rotate about
their respective axis of rotation. Also, in addition to their
rotation with the hub assemblies, the blades are individually
rotated in a predetermined manner about their own blade
axis. Consequently, in these two modes, the rotation of the
hub assemblies and the independent rotation of the blades
provide the aerial vehicle with thrust, lift, and longitudinal
stability. In the fixed-wing mode of operation, however, the
hub assemblies of the cycloidal propulsion units are not
rotated. Instead, in the fixed-wing mode, the substantially
stationary blades are controlled only to provide vertical lift
and longitudinal stability. Accordingly, the thrust necessary
to propel the vehicle forward, in the fixed-wing mode of
operation, is provided by the thruster units.

[0013] As indicated above, in addition to providing for-
ward thrust in the fixed-wing mode of operation, the thruster
unit may be used to assist in turning the vehicle, and to
maintain directional control during flight. Further, the
thruster unit may be used to turn the vehicle as it hovers. For
the special flight condition for the hover mode, lift is
provided by the combined effects of both lighter-than-air gas
in the pod chambers and operation of the propulsion units in
the curtate mode.

[0014] Once in flight, the vehicle flies within a specified
flight envelope, close to the earth’s surface. More particu-
larly, the flight envelope is specifically selected to take
maximum advantage of the wing-in-ground-effect, i.e. mini-
mize drag and maximize vehicle lift. In all instances, the
incorporation of a lighter-than-air gas in the interior cham-
bers of the fuselage adds to the lift capability of the aerial
vehicle of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The novel features of this invention, as well as the
invention itself, both as to its structure and its operation, will
be best understood from the accompanying drawings, taken
in conjunction with the accompanying description, in which
similar reference characters refer to similar parts, and in
which:

[0016] FIG. 1 isaperspective view of the aerial vehicle of
the present invention;

[0017] FIG. 2 is a front elevation view of the aerial
vehicle of the present invention;

[0018] FIG. 3A is a schematic view of three airfoil shaped
blades and a hub in a curtate mode of operation;

[0019] FIG. 3B is a schematic view of three airfoil shaped
blades and a hub in a prolate mode of operation; and

[0020] FIG. 3C is a schematic view of three airfoil shaped
blades and a hub in a fixed-wing mode of operation.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Referring initially to FIG. 1, an aerial vehicle in
accordance with the present invention is shown and is
generally designated 10. As shown, the vehicle 10 includes
a fuselage 12 having a forward end 14 and an aft end 16.
Further, the fuselage 12 defines a longitudinal axis 18.
Preferably, the fuselage 12 is comprised of two elongated
pods, of which pods 20a and 205 are exemplary. As shown,
pod 204 is juxtaposed with and parallel to pod 205. Also, the
two pods 20a and 205 are substantially parallel to a plane of
symmetry 22 containing the longitudinal axis 18. As con-
templated by the present invention, pod 20a and pod 204 are
positioned on either side of the plane of symmetry 22, and
they are spaced an equal distance from the plane of sym-
metry 22. As shown in phantom in FIG. 1, pod 204 and pod
205 are each formed with an interior chamber, chambers 24a
and 24b respectively, for receiving and containing a lighter-
than-air gas such as helium.

[0022] Still referring to FIG. 1, the vehicle 10 includes a
wing 26 that is fixedly mounted on the fuselage 12. As
shown, the wing 26 defines a wing axis 28 that is perpen-
dicular to the longitudinal axis 18 of the fuselage 12. Also,
as mounted on the fuselage 12, the wing 26 is substantially
symmetrical relative to the plane of symmetry 22. In addi-
tion to the wing 26, the vehicle includes a cargo container 30
for storing cargo to be transported by the vehicle 10. As
shown in FIG. 1, the cargo container 30 is positioned
generally in the center of the fuselage 12 and is mounted
between pod 20a and pod 205. More specifically, the right
side 32 of the cargo container 30 is mounted on the left side
34 of pod 20a, and the left side 36 of the container 30 is
mounted on the right side 38 of pod 205.

[0023] Cross-referencing FIG. 1 with FIG. 2, it can be
seen that the aerial vehicle 10 includes a cylindrical-shaped
cycloidal propulsion unit 40 that is mounted on the fuselage
12. As shown, the cycloidal propulsion unit 40 is mounted
forward of the wing 26 and between pod 204 and pod 204.
More specifically, the propulsion unit 40 is mounted on the
left side 34 of pod 204 and on the right side 38 of pod 205.
Further, the cycloidal propulsion unit 40 is oriented sub-
stantially perpendicular to the plane of symmetry 22. In
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addition to the cycloidal propulsion unit 40, the aerial
vehicle 10 includes a cycloidal propulsion unit 42. As can be
seen in FIG. 1, the cycloidal propulsion unit 42 is mounted
aft of the wing 26 and between pod 20a and pod 205. Similar
to the propulsion unit 40, the propulsion unit 42 is mounted
on the left side 34 of pod 204 and on the right side 38 of pod
20b. Additionally, the cycloidal propulsion unit 42 is ori-
ented substantially perpendicular to the plane of symmetry
22, and it is vertically displaced from the longitudinal axis
18 by a distance “d”.

[0024] Referring still to FIG. 1, the vehicle 10 of the
present invention also includes a pair of thruster units 44a
and 44b. Preferably, the thruster unit 44a is mounted on pod
20a, and it is positioned generally at the aft end 16 of the
fuselage 12. Additionally, the thruster unit 445 is mounted
on pod 205, also at the aft end 16 of the fuselage 12.

[0025] Considering now the cycloidal propulsion unit 40
in greater detail, it can be seen by cross-referencing FIG. 1
and FIG. 2 that the cycloidal propulsion unit 40 includes a
primary hub assembly 46 that is mounted on the left side 34
of pod 20g. Further, a secondary hub assembly 48 is
mounted on the right side 38 of pod 205. Each of the two hub
assemblies, 46 and 48, rotate about a same axis of rotation
50 that is substantially perpendicular to the plane of sym-
metry 22. As can be seen, a plurality of airfoil shaped blades,
of which blades 52a, 525, and 52¢ are exemplary, extend
between the two hub assemblies 46 and 48 (see FIG. 2). As
shown, the blades 52a, 526 and 52¢ are oriented substan-
tially parallel to the axis of rotation 50. The blades 52a-c are
attached to the hub assemblies 46 and 48 for rotation
therewith. Further, a center guide 54 is positioned to support
the blades 52a-c. As contemplated by the present invention,
the center guide 54 is oriented substantially parallel to the
two hub assemblies 46 and 48. Additionally, the center guide
54 is positioned equidistant from each of the hub assemblies
46 and 48, which is to say generally in the center of the
length of the blades 52a-c. As shown in FIGS. 1 and 2, the
blades 52a-c pass through, and are attached to, the center
guide 54. In this configuration, the center guide 54 helps to
maintain the separation and the orientation of the blades
52a-c as the guide 54, and the blades 52a-c, rotate about the
axis of rotation 50.

[0026] As disclosed above, the vehicle 10 includes a
cycloidal propulsion unit 42. As envisioned by the present
invention, and as can be appreciated by referring to FIGS.
1 and 2, the cycloidal propulsion unit 42 is substantially the
same as the cycloidal propulsion unit 40. Stated differently,
the structure and functionality of the two cycloidal propul-
sion units, 40 and 42, are substantially the same.

[0027] In the operation of the present invention, the inte-
rior chambers 24a and 24b, of pod 20a and pod 205
respectively, are filled with a lighter-than-air gas such as
helium prior to flight operations. An important aspect of the
present invention is that the propulsion units 40 and 42 may
be directed by a flight control system (not shown) to operate
in one of several different modes, i.e. a curtate mode (FIG.
3A), a prolate mode (FIG. 3B), or a fixed-wing mode (FIG.
30C).

[0028] Referring now to FIG. 3A, operation of the cyc-
loidal propulsion unit 40 in the curtate mode is shown. In
this mode, the blades 52a-¢ rotate with the primary hub
assembly 46 about the axis of rotation and travel along a
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circular path 56. Importantly, in the curtate mode, the blade
chord lines 58a, 585 and 58¢ remain generally tangent to the
circular path 56 as the blades 52a¢-c rotate about the axis 50.

[0029] Considering now the prolate mode of operation, as
shown in FIG. 3B, the primary hub assembly 46 and the
blades 52a-c still rotate about the axis of rotation 50. In the
prolate mode, however, the blade chord lines 58a-c remain
generally parallel to the direction of flight of the vehicle 10
(indicated by arrow 60). An important aspect of the present
invention is that in both the curtate mode of operation (FIG.
3A), and the prolate mode of operation (FIG. 3B), the
rotation of the hub assembly 46 and the blades 52a-c
provides the vehicle 10 with lift, thrust, and longitudinal
stability. Further, the thruster units 44a and 44b (see FIG. 1)
may also be used to provide forward thrust during the curtate
and prolate modes of operation, in combination with the
cycloidal propulsion units 40 and 42 (see FIG. 1).

[0030] In the fixed-wing mode of operation, as shown in
FIG. 3C, neither the primary hub assembly 46 nor the blades
52a-c rotate about the axis of rotation 50. Instead, the hub
assembly 46 and the blades 52a-c are held substantially
stationary. Additionally, the blade chord lines 58a-c are
maintained generally parallel to the direction of flight 60. In
the fixed-wing mode of operation, the thruster units 44a and
44h may be used to assist in turning the vehicle 10, as well
as providing auxiliary pitch and yaw control for maintaining
directional control of the vehicle 10.

[0031] In addition to forward flight using one of the three
operational modes disclosed above (i.e. curtate, prolate or
fixed-wing), the vehicle 10 may also hover. While hovering,
the cycloidal propulsion units 40 and 42 can be used in the
curtate mode to help suspend the vehicle 10 in the air. In the
hover mode, the thruster units 44a and 445 can be used to
turn the vehicle 10. More particularly, the thruster units 44a
and 44b are used to rotate the vehicle 10 about a vertical axis
62 (FIG. 1) which lies in the plane of symmetry 22, and
which is substantially perpendicular to the longitudinal axis
18.

[0032] As envisioned by the present invention, the pre-
ferred operating altitude for the vehicle 10 is one that
optimizes lift, and minimizes drag, by relying on the “wing
in ground” effect. Thus, the preferred operational altitude for
the vehicle 10 is one in which the altitude-to-wingspan ratio
(a/w) 1s approximately 1:10. Referring once again to FIG. 2,
the preferred wingspan “w” for the vehicle 10 is about 840
feet. In order to derive the maximum benefit from the
“wing-in-ground” effect, therefore, the preferred operating
altitude “a” for the aerial vehicle 10 is about 80-100 feet
above the earth’s surface.

[0033] While the particular Cycloidal Hybrid Advanced
Surface Effects Vehicle as herein shown and disclosed in
detail is fully capable of obtaining the objects and providing
the advantages herein before stated, it is to be understood
that it is merely illustrative of the presently preferred
embodiments of the invention and that no limitations are
intended to the details of construction or design herein
shown other than as described in the appended claims.

What is claimed is:
1. An aerial vehicle which comprises:

a fuselage formed with at least one chamber, said fuselage
defining a longitudinal axis;
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a wing fixedly mounted on said fuselage, said wing being
substantially symmetrical relative to a plane containing
the axis;

a first cycloidal propulsion unit mounted on said fuselage
for generating a first thrust vector substantially in the
plane of symmetry;

a second cycloidal propulsion unit mounted on said
fuselage for generating a second thrust vector substan-
tially in the plane of symmetry, wherein said second
cycloidal propulsion unit is axially distanced from said
first eycloidal propulsion unit;

ameans for selectively filling said chamber with a volume
of lighter-than-air gas to provide lift for said vehicle;
and

a means for concerted control of said first cycloidal
propulsion unit, said second cycloidal propulsion unit,
and said volume of lighter-than-air gas.

2. A vehicle as recited in claim 1 further comprising a
thruster unit mounted on said fuselage for turning and
providing auxiliary pitch and yaw control for said vehicle.

3. A vehicle as recited in claim 2 wherein said fuselage
further comprises:

a first pod formed with a first chamber, said first pod being
substantially cylindrical shaped to define an axis
extending substantially parallel to the longitudinal axis
of said fuselage; and

a second pod formed with a second chamber, said second
pod being substantially cylindrical shaped to define an
axis juxtaposed with and parallel to the axis of the first
pod, with said first cycloidal propulsion unit and said
second cycloidal propulsion unit respectively mounted
on said fuselage between said first pod and said second
pod.

4. A vehicle as recited in claim 3 further comprising a
cargo container mounted on said fuselage between said first
pod and said second pod.

5. A vehicle as recited in claim 3 wherein said first
cycloidal propulsion unit comprises:

a primary hub assembly mounted on said first pod for
rotation of said primary hub assembly about an axis of
rotation, wherein the axis of rotation is substantially
perpendicular to the longitudinal axis of the fuselage;

a secondary hub assembly mounted on said second pod
for rotation of said secondary hub assembly about the
axis of rotation; and

a plurality of airfoil shaped blades, wherein each said
blade defines a blade axis and is attached to said
primary hub assembly and to said secondary hub
assembly for rotation therewith and for establishing an
angle of attack for each said blade, and further wherein
said blade axes are oriented substantially parallel to the
axis of rotation.

6. A vehicle as recited in claim 5 wherein said second

cycloidal propulsion unit comprises:

a primary hub assembly mounted on said first pod for
rotation of said primary hub assembly about an axis of
rotation, wherein the axis of rotation is substantially
perpendicular to the longitudinal axis of the fuselage;
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a secondary hub assembly mounted on said second pod
for rotation of said secondary hub assembly about the
axis of rotation; and

a plurality of airfoil shaped blades, wherein each blade
defines a blade axis and is attached to said primary hub
assembly and to said secondary hub assembly for
rotation therewith and for establishing an angle of
attack for each said blade, and further wherein said
blade axes are oriented substantially parallel to the axis
of rotation.

7. A vehicle as recited in claim 6 whetein said first
cycloidal propulsion unit is operated in a mode of operation
selected from the group consisting of a curtate mode, a
prolate mode and a fixed-wing mode.

8. A vehicle as recited in claim 7 wherein said second
cycloidal propulsion unit is operated in a mode of operation
selected from the group consisting of a curtate mode, a
prolate mode and a fixed-wing mode.

9. A vehicle as recited in claim 8 wherein said first
cycloidal propulsion unit and said second cycloidal propul-
sion unit are concertedly operated in the fixed-wing mode,
and further wherein said thruster unit propels said vehicle.

10. A vehicle as recited in claim 8 wherein said first
cycloidal propulsion unit and said second cycloidal propul-
sion unit are concertedly operated in the curtate mode, to
hover said vehicle, and further wherein said thruster unit is
used to turn said vehicle during hover.

11. A vehicle for aerial flight which comprises:

a fuselage defining a longitudinal axis, said fuselage
having a first pod formed with a first chamber and a
second pod formed with a second chamber, wherein
said first pod and said second pod define respective
axes, with the pod axes juxtaposed and parallel to each
other;

a wing fixedly mounted on said fuselage, said wing being
substantially symmetrical relative to a plane containing
the fuselage axis;

a first propulsion means for generating a first thrust vector
substantially in the plane of symmetry, wherein said
first propulsion means is mounted on said fuselage
between said first pod and said second pod, and further
wherein said first propulsion means is positioned on
said fuselage forward of said wing;

a second propulsion means for generating a second thrust
vector substantially in the plane of symmetry, wherein
said second propulsion means is mounted on said
fuselage between said first pod and said second pod,
and further wherein said second propulsion means is
positioned on said fuselage aft of said wing;

o

means for filling said first chamber and said second
chamber with a lighter-than-air gas to provide lift for
said vehicle; and

a means for concertedly controlling said first and said

second propulsion means.

12. A vehicle as recited in claim 11 wherein said first
propulsion means and said second propulsion means are
each a cycloidal propulsion unit.

13. A vehicle as recited in claim 12 wherein said first
cycloidal propulsion unit is operated in a mode of operation
selected from the group consisting of a curtate mode, a
prolate mode and a fixed-wing mode.
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14. A vehicle as recited in claim 13 wherein said second
cycloidal propulsion unit is operated in a mode of operation
selected from the group consisting of a curtate mode, a
prolate mode and a fixed-wing mode.

15. A vehicle as recited in claim 14 which further com-
prises a thruster unit mounted on said fuselage, wherein said
thruster unit provides auxiliary pitch and yaw control for
said vehicle when said first and said second cycloidal
propulsion units are operated in a fixed-wing mode.

16. A vehicle as recited in claim 15 wherein said thruster
unit turns said vehicle when said vehicle hovers and said first
and said second cycloidal propulsion units are both operated
in a curtate mode.

17. A method for operating an aerial vehicle which
comprises the steps of:

filling a chamber in a fuselage of said vehicle with a
volume of lighter-than-air gas to provide lift for said
vehicle;

operating at least one cycloidal propulsion unit mounted
on said fuselage to propel said vehicle; and

concertedly regulating said cycloidal propulsion unit and
the volume of lighter-than-air gas to maintain a prede-
termined flight altitude for wing-in-ground effect flight.
18. A method as recited in claim 17 further comprising the
step of operating said cycloidal propulsion unit in a mode of
operation selected from the group consisting of a curtate
mode, a prolate mode, and a fixed-wing mode.
19. A method as recited in claim 18 further comprising the
step of activating a thruster unit mounted on said fuselage to
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propel said vehicle forward when said cycloidal propulsion
unit is operated in a fixed-wing mode.

20. A method as recited in claim 19 wherein said thruster
unit turns said vehicle when said vehicle hovers and said
cycloidal propulsion unit is operated in a curtate mode.

21. A vehicle for wing-in-ground effect flight which
comptises:

a fuselage formed with at least one chamber, said fuselage
defining a longitudinal axis;

a wing having a wing span and a chord length and fixedly
mounted on said fuselage, wherein said wing is sub-
stantially symmetrical relative to a plane containing the
axis, and further wherein an aspect ratio of the wing
span to the chord length is greater than ten to one
(10:1);

at least one cycloidal propulsion unit for generating a
thrust vector substantially in the plane of symmetry;

a volume of a lighter-than-air gas contained within said
chamber for providing lift for said vehicle; and

a flight control system for concertedly regulating said
cycloidal propulsion unit and the volume of lighter-
than-air gas to maintain a predetermined altitude for
wing-in-ground effect flight, wherein a ratio of the
altitude to the wing span is about 1 to ten (1:10).
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Description

[0001] The invention relates to helicopters and partic-
ularly to helicopters with an anti-torque device according
to the preamble of claim 1.

[0002] A configuration of a current rotary wing flying
machine, e.g. a helicopter, comprises a main rotor, which
in operation transmits a torque around a yaw axis of the
helicopter. In operation this torque is countered by an
empennage with typically an anti-torque device, such as
atail rotor, a shrouded tail rotor, i.e. aso called Fenestron,
and a vertical fin. Exception made for the fin, all other
anti-torque devices need power in order to provide this
anti-torque needed for a helicopter operating properly.
[0003] Additionally a typical helicopter configuration
needs a horizontal stabilizer for pitch stability by gener-
ating negative lift in order to keep the helicopter fuselage
in a proper, horizontal position during a typical forward
flight. In additional flight conditions, such as push-over,
pull-out, etc., the horizontal stabilizer provides sufficient
static and dynamic stability. The typical horizontal stabi-
lizer has a fixed incidence angle, hence the force provid-
ed by the horizontal stabilizer cannot be changed by the
pilot during flight. Therefore, the minimum drag fuselage
attitude might not be fully achieved.

[0004] Gathering the information of the anti-torque de-
signs of the state of the art, the following problems occur:

Fixed vertical and horizontal stabilizing surfaces only
provide forces in said fixed directions,

Fixed vertical and horizontal stabilizing surfaces do
not provide any additional propulsive force,

Open tail-rotors are a potential danger for humans
and can be damaged by foreign objects,

[0005] The rotating devices cannot be easily changed
in diameter without having major changes and re-designs
of the entire helicopter.

[0006] Cross-Flow Fans with blades arranged to a
torus-like configuration are known from the heating, ven-
tilating and air conditioning field, providing an airflow
passing the blades crosswise. Cross-Flow Fans are char-
acterized by one dominant dimension, namely small in
diameter and as long as needed.

[0007] The document GB 9617440 A describes a
cross-flow fan integrated in a liting member, e. g. awing,
in order to create lift for an aircraft’s airfoil.

[0008] The document GB 9902653 A describes a
cross-flow fan integrated into a lifting member with addi-
tionally a movable lip in the ingestion area.

[0009] The document GB 200320870 A describes a
cross-flow fan which is integrated into the rear section of
an airfoil in order to control the flow around the airfoil.
Additionally the document GB 200320870 A describes
an enclosed housing which can be closed for cruise flight
and opened for high-lift conditions as needed during take-
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off.

[0010] The documentUS 2012/0160955 A1 describes
a hybrid rotor system for an aircraft which produces lift
and thrust in order to propel an aircraft. This hybrid rotor
system comprises a magnus rotor, a transverse flow ro-
tor, i. e. a so called cross-flow fan, and a guide mecha-
nism. In general US 2012/0160955 A1 relates only to
aircrafts without an additional rotor system, so called cy-
clogyros, that pulls maximal airflow through both of pro-
pulsion and lifting surfaces. A cylindrical radial turbine is
embedded in the wing with its axis parallel to the wing
and leaving about 2/3 of the diameter exposed above the
top side of the wing’s length just after the leading edge.
This increases the velocity of the airflow across the wing’s
upper surface beyond that of the forward motion of the
aircraft. Consequently the wing of US 2012/0160955 A1
has lift at slow speeds where another wing would stall.
[0011] Itis an object of the invention to provide an im-
proved helicopter and particularly it is an object of the
invention to provide a helicopter with an improved anti-
torque device, to counter-act the main rotor’s torque re-
sulting on the fuselage.

[0012] The solution is provided with an improved hel-
icopter and particularly with a helicopter with an improved
anti-torque device with the features of claim 1 of the in-
vention.

[0013] Accordingtothe invention a helicopter compris-
es afuselage, at least one engine, a roll axis and at least
one main rotor mounted to said fuselage and drivable
connected to said at least one engine about a yaw axis
essentially perpendicular to said roll axis. At least one
housing of a cross flow fan is mounted to said fuselage,
said at least one housing extending longitudinally essen-
tially in direction of said roll axis with an offset relative to
said yaw axis. Said at least one housing is at least partly
pivotable about its longitudinal axis. Said at least one
housing is provided with an airinletand an air outlet along
at least a part of the at least one housing’s circumference
respectively in direction of said roll axis. Said air inlet and
said air outlet form angularly offset and separate gaps in
the housing. At least one compressor of the cross flow
fan is provided radial inside said pivotable housing be-
tween said air inlet and said air outlet, said at least one
compressor being drivable by said at least one engine
about a fan axis essentially parallel with said roll axis.
Each of said at least one compressor comprises a plu-
rality of airfoil blades, i.e. designed by means of aerody-
namically optimized airfoils, arranged on a ring around
said fan axis and each chord of said airfoil blades is es-
sentially radial oriented with regard to said fan axis. Ac-
cording to an advantage of the invention the cross-flow
fan provides first of all anti-torque for the helicopter as a
consequence of the angular offset of the separate gaps
in the housing for said air inlet and for said air outlet. Said
angular offset preferably varies from 10° to 90° for an
angle measured between a side from the fan axis to a
lateral inlet delimitation of the inlet and a side to a lateral
outlet delimitation of the outlet next to said lateral inlet
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delimitation of the inlet. Said cross-flow fan is character-
ized by one dominant dimension, namely relative to the
overall dimensions of the helicopter small in diameter,
while as long as needed. Any fluid, e. g. air, entering the
cross-flow fan at the inlet passes crosswise to the fan
axis along the radial oriented airfoil blades towards the
outlet, providing two consecutive compressions, one af-
ter the fluid having entered and another one after having
left the ring. The inventive cross-flow fan comprises the
compressor, rotating around its fan axis and the special
housing built in close contact around the radial outer tips
of the airfoil blades of the compressor. The housing in
close contact with the radial outer tips of the airfoil blades
of the compressor prevents the fluid from trespassing
radially the airfoil blades not in line with either the inlet
or the outlet. The compressor comprises the given
number of small aerodynamically shaped airfoil blades,
spaced relative to each other in the azimuth direction
from the yaw axis. Contrary to classical tail rotors of hel-
icopters creating anti-torque for compensation of the fu-
selage and the main rotor torque by creating an essen-
tially lateral force, the inventive helicopter with a cross-
flow fan allows provision of anti-torque without tail rotor.
Further contrary to classical tail rotors of helicopters
needing horizontal stabilizers creating forces in the di-
rection of the yaw axis, e. g. negative lift, to balance the
fuselage pitch and a vertical fin creating lateral forces
perpendicular to a plane of said roll axis and said yaw
axis without any further support of helicopter flight per-
formance generally, the inventive helicopter with a cross-
flow fan provides support of helicopter flight performance
in general. The provision and the arrangement of the
cross-flow fan of the inventive helicopter improve per-
formance in several ways, namely by providing:

¢ An anti-torque device (lateral thrust direction)
» Alift device (vertical thrust direction)

¢ Acombination of said anti-torque and said lift device,
i. e. both lateral and vertical thrust direction,

o Additional thrust due to the so called "Coanda
effect” resulting outside the housing and/or

o additional thrust due to a diffusor type air outlet
of the housing,

o additional lift due to air inlet substantially di-
rected towards the main rotor plane.

[0014] Anti-torque and lift is provided to the inventive
helicopter by means of the cross-flow fan without a tail
rotor, without a fin and without horizontal stabilizers.

[0015] According to a preferred embodiment of the in-
vention by remotely controlling the angular position of
the gapsinthe housing by means of at least partly rotating
the housing around the fan axis the direction of the com-
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pressed airflow, directed normally to the fan rotation-axis,
can be rotated around this fan axis providing thrust com-
ponents additional to the thrust providing anti-torque.
Hence the thrust vector is freely rotatable around the fan
rotation-axis. An advantage of the cross-flow fan is that
the direction of any fluid entering the cross-flow fan hous-
ing is not important, since the cross-flow fan "sucks" the
fluid into the housing as necessary.

[0016] According to a further preferred embodiment of
the invention the outlet of the housing is designed as a
diffusor in order to recover pressure out of kinetic energy,
transmitted to the air flow by the cross-flow fan. Generally
the cross-flow fan’s compressor creates high output ve-
locities, yet, due to the diffusor, this velocity is converted
into increased static pressure.

[0017] According to a further preferred embodiment of
the invention the compressor of the cross-flow fan is driv-
en by an output shaft from a main gear box driven by the
at least one engine or the compressor of the cross-flow
fan is driven electrically. Driving the compressor electri-
callywould increase performance since the driving speed
can be adjusted individually thus controlling the thrust
provided by the cross-flow fan. Combining the controlled
thrustfrom the compressor with the adjustable thrust vec-
toring by means of the pivoting housing leads to a pow-
erful force and anti-torque device.

[0018] According to a further preferred embodiment of
the invention the cross-flow fan system can be used to
drive further auxiliary forward propelling devices, e.g.
propeller, etc. with a rotation axis coaxial with the fan
axis. With the compressor of the cross-flow fan used to
drive a pusher propeller/ducted fan/radial compressor,
the inventive helicopter becomes acompound helicopter.
[0019] According to a further preferred embodiment of
the invention the housing of the cross-flow fan is split into
a front section, an aft section and/or a mid section, the
front section being closest to the yaw axis, the aft section
being distal to the yaw axis and the mid section being
between the front section and the aft section, said front
section, the aft section and/or the mid section being sep-
arately and independently from each other pivotable
about the fan axis.

[0020] According to a further preferred embodiment of
the invention two cross-flow fans are provided, each with
a compressor and a housing. The two cross-flow fans
are mounted on the fuselage parallel to each other and
preferably symmetric to a midplane defined by said plane
of said roll axis and said yaw axis.

[0021] According to a further preferred embodiment of
the invention the width of the inlet is greater than the
width of the outlet for a better efficiency of the compres-
sor.

[0022] According to a further preferred embodiment of
the invention the angular offset varies from 10° to 90° for
an angle measured between a side from the fan axis to
a lateral inlet delimitation of the air inlet and a side to a
lateral outlet delimitation of the air outlet next to said lat-
eral inlet delimitation of the inlet for further adjustable
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thrust vectoring.

[0023] According to a further preferred embodiment of
the invention the angles from the fan axis of the com-
pressor to the lateral inlet delimitations of the air inlet in
the azimuth direction relative to the yaw axis vary for the
lateral inlet delimitation between 350° +/- 50° and be-
tween 10° +/- 50° to the opposed lateral inlet delimitation
withthe yaw axis directed to the main rotor corresponding
to 0° and the degrees positive in clockwise direction.
[0024] According to a further preferred embodiment of
the invention the angles from the fan axis of the com-
pressor to the lateral outlet delimitations of the air outlet
in the azimuth direction relative to the yaw axis vary on
the lateral outlet delimitation between 215° +/- 50° and
between 255° +/- 50° to the opposed lateral outlet delim-
itation.

[0025] Preferredembodiments oftheinvention are out-
lined by way of example with the following description
with reference to the attached drawings.

Figure 1 shows an overall view of a part of a helicop-
ter with a cross flow fan according to the invention;

Figure 2 shows a schematic cross sectional view
through the cross flow fan of Fig. 1;

Figure 3 shows an overall view of the cross flow fan
of Fig. 1 in an operating mode,

Figure 4 shows an overall view of the cross flow fan
of Fig. 1 in another operating mode,

Figure 5 shows an overall view of a part of a further
helicopter with cross flow fans according to the in-
vention;

Figure 6 shows a lateral view of a part of the heli-
copter with a modified cross flow fan according to
the invention;

Figure 7 shows a lateral view of a part of the heli-
copter with a further modified cross flow fan accord-
ing to the invention; and

Figure 8 shows a lateral view of a part of the heli-
copter with an alternative cross flow fan according
to the invention.

[0026] According to Fig. 1 a helicopter comprises a fu-
selage 4 with at least one driving unit, e.g. an integrated
engine (not shown). The at least one integrated engine
drives a main rotor (not shown) via a main gear box (not
shown) mounted ontop of the fuselage 4 of the helicopter.
A rotation axis of the main rotor corresponds to a yaw
axis 13 (see Fig. 3) of the helicopter.

[0027] A housing 2 of a cross flow fan is mounted to
an aft region of said fuselage 4 with a roll axis 23 per-
pendicular to said yaw axis 13. Said housing 2 extends
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with angular variations of up to +/-15° relative to said yaw
axis 13 essentially in direction of a roll axis 23 of the
helicopter with an offset defined by a longitudinal exten-
sion 19 of the compressor 1 and housing 2 in direction
of said roll axis 23 relative to said yaw axis 13.

[0028] A helicopter width is defined as the maximum
distance betweenrespective lefthand andright hand sur-
faces of the fuselage 4 measured orthogonally to a hel-
icopter mid-plane 20 defined by said roll axis 23 and said
yaw axis 13. The present helicopter width is between 1
m-4m.

[0029] An air inlet 8 and an air outlet 7 are provided
along a circumference of the housing 4. Said air inlet 8
and said air outlet 7 form angularly offset and separate
gaps in the housing’s circumference and essentially ex-
tend respectively longitudinally in direction of said roll
axis. Said angular offset is about 45° of a range of pos-
sible 10° to 90° for an angle measured between a side
from a fan axis 5 of the compressor 1 to a lateral inlet
delimitation 35 of the air inlet 8 and a side from said fan
axis 5 to a lateral outlet delimitation 36 of the air outlet 7
next to said lateral inlet delimitation of the inlet 8.
[0030] A compressor 1 of the cross flow fan with a plu-
rality of airfoil blades 6 is provided radial inside said hous-
ing 2 between said air inlet 8 and said air outlet 7.
[0031] According to Fig. 2 corresponding features are
referred to with the references of Fig. 1. The compressor
1 ofthe cross-flow fan is mounted radially inside the hous-
ing 2 for rotation about the fan axis 5. The compressor 1
is drivable by electrical or mechanical means, e. g. the
main gear box, about the fan axis 5.

[0032] Said airfoil blades 6 provide to the compressor
1atorus shape with a diameter 18 of around 50% (+45%)
of the helicopter width. Said compressor 1 of the cross
flow fan is drivable by said integrated engine to rotate
about the fan axis 5 essentially coaxial with said roll axis
23. Chords of said airfoil blades 6 are essentially radial
oriented with regard to said fan axis 5. A plurality of sup-
portrings 3 are provided in the circumference of the com-
pressor 1 along the fan axis 5 of the compressor 1 cor-
responding to said longitudinal extension 19 of the com-
pressor 1 and housing 2.

[0033] The radially arranged airfoil blades 6 radially
inside the inlet region 11 point with their respective radial
outer tips towards the inlet region 11, providing in be-
tween the airfoil blades 6 maximized passages for air 9
coming into the cross-flow fan. The radially arranged air-
foil blades 6 radially in line with the outlet region 12 point
with their respective radial outer tips towards the outlet
region 12, providing in between the airfoil blades 6 max-
imized passages for outgoing air 10.

[0034] The longitudinal extension 19 of the compres-
sor 1 and housing 2 is estimated to be between 10% and
600% of the helicopter width. An inlet opening width h1
is defined by h1=1 (+0,2, -0,95) x compressor diameter
18. The outlet opening width h2 is defined by h2=0.8
(+0,7) x compressor diameter 18 of the cross-flow fan.
Theinletopening width h1 is greater than the outletopen-
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ing width h2.

[0035] The housing 2 is adapted along the fan axis 5
to segments of the torus shape of the compressor 1. The
housing 2 is open to form the air inlet 8 in an inlet region
11 pointing with a perpendicular of a geometrical mid-
plane ofthe airinlet 8 substantially towards the main rotor
plane. The housing 2 is open to form the air outlet 7 in a
lateral, outlet region 12 pointing with a further perpendic-
ular of its geometrical midplane against the direction of
movement of the main rotor in the aft region. An inside
segment 33 and an outside segment 34 of the housing
2 cover the compressor 1 on opposed sides between the
air inlet 8 and the air outlet 7 of the cross-flow fan to
impose a defined flow direction of the air sucked through
the compressor 1 for anti-torque.

[0036] The angles from the fan axis 5 of the compres-
sor 1to the lateral inlet delimitations 21, 35 of the air inlet
8 in the azimuth direction relative to the yaw axis 13 vary
on one side between 350° +/- 50° and between 10° +/-
50° to the opposed side with the yaw axis 13 directed to
the main rotor corresponding to 0° and the degrees pos-
itive in clockwise direction. The angles from the fan axis
5 of the compressor 1 to the lateral outlet delimitations
36, 21 of the outlet 7 in the azimuth direction relative to
the yaw axis 13 vary on one side between 215° +/- 50°
and between 255° +/- 50° to the opposed side. If the
compressor 1 is driven to rotation, air 9 entering through
the air inlet 8 first passes along the airfoil blades 6 in the
inlet region 11, for a first compression of the air 9. The
incoming air 9 produces lift 30 towards the main rotor
plane due to ingestion into the compressor 1. The airfoil
blades 6 of the rotating compressor 1 force further com-
pressed air 10 exiting through the air outlet 7 providing
substantial lateral thrust 22 for anti-torque. The air outlet
7 is shaped as a diffusor for increase of thrust 22 from
the cross-flow fan.

[0037] Flaps and/or hatches 21 for enhanced thrust
vectoring of the cross-flow fan are provided at the air inlet
8 and at the air outlet 7 of the inside segment 33 and/or
the outside segment 34 of the housing 2. The flaps and/or
hatches 21 are pivoted by means of joints (not shown)
relative to the inside segment 33 and/or the outside seg-
ment 34 to modify respectively the effective cross sec-
tions of the airinlet 8 and of the air outlet 7 for adjustment
of the thrust vector needed.

[0038] A FOD (Foreign Object Damage) grid 29 is ap-
plied to cover the air inlet 8 and/or the air outlet 7 in order
to protect the compressor 1 of the cross-flow fan from
foreign objects, e.g. birds, stones, etc. and protect hu-
mans from the rotating compressor 1.

[0039] Due to the asymmetric transport of air through
the rotating compressor 1 air is conveyed around the
cross-flow fan housing 2 with a side-effect applied to said
air and consequently to the cross-flow fan housing 2.
Said side-effect is typical for the cross-flow fan system.
Air 28 outside the cross-flow fan’s housing 2 flows around
the housing 2 creating an additional side force 17 due to
the Coanda effect, describing the tendency of a fluid jet
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to be attracted to any surface the fluid jetis passing along.
The Coanda effect can be thought of as an extension of
the principle of aerodynamic lift. When a fluid flows past
one side of a surface, the fluid pressure is reduced and
aforce results acting perpendicular to the surface as "lift".
The additional side force 17 due to the Coanda effect is
supplemental to the lateral thrust 22 for anti-torque from
the cross-flow fan.

[0040] For additional stiffness of the compressor 1 the
fan axis 5 is conceived as an integrated shaft 32 rotating
about the rotational axis 5 of the cross-flow fan. The in-
tegrated shaft 32 creates additionalthrust due to the Mag-
nus effect supporting the previously described cross-flow
fan forces 22, 17 and 30.

[0041] According to Fig. 3 corresponding features are
referred to with the references of Fig. 1, 2. The cross-
flow fan anti-torque system produces thrust along the
entire longitudinal length of the cross-flow fan in order to
provide lift and anti-torque for the helicopter. To increase
the lever for an increased yawing moment 31 at a con-
stant cross-flow fan sideward thrust 22 the housing 2 of
the cross-flow fan is split into a front section 14, an aft
section 15 and/or a mid section 16, the front section 14
being closest to the yaw axis 13, the aft section 15 being
distal to the yaw axis 13 and the mid section 16 being
between the front section 14 and the aft section 15.
[0042] In order to allow adjustment of the respective
directions of lift 30 and lateral thrust 22, generated by the
entering air 9 and the exiting air 10, the front section 14,
the aft section 15 and/or the mid section 16 of the inside
segments 33 and the outside segments 34 of the cross-
flow fan housing 2 are separately and independently from
each other pivotable about the fan axis 5 for full thrust
vectoring capability against yawing moments about the
yawing axis 13.

[0043] The respective longitudinal extensions of the
front section 14, the aft section 15 and the mid section
16 of the inside segments 33 and the outside segments
34 of the cross-flow fan housing 2 correspond to the dis-
tances between two support rings 3 of the compressor 1.
[0044] The front section 14 is angularly positioned to
provide the air inlet 8 with an angle with respect to its
geometrical midplane of approximately 315° and the air
outlet 7 with an angle to its geometrical midplane of ap-
proximately 225° relative to the yaw axis 13, while the aft
section 15 and/or the mid section 16 of the inside seg-
ments 33 and the outside segments 34 of the cross-flow
fan housing 2 provide an air inlet 8 with a geometrical
midplane essentially parallel to the yaw axis 13 and an
air outlet 7 with its geometrical midplane with an angle
of approximately 90° relative to the yaw axis 13.

[0045] According to Fig. 4 corresponding features are
referred to with the references of Fig. 1-3. The front sec-
tion 14 and the mid section 16 of the inside segments 33
and the outside segments 34 of the cross-flow fan hous-
ing 2 are angularly positioned for variable thrust vector-
ing. The air inlet 8 is directed with respect to a geometrical
midplane with an angle of approximately 90° relative to
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the yaw axis 13 and the air outlet 7 essentially parallel 13 yaw axis
to the yaw axis 13, while the aft section 15 of the inside
segments 33 and the outside segments 34 of the cross- 14 Front section

flowfanhousing 2 provide an airinlet8 essentially parallel
to the yaw axis 13 and an air outlet 7 with an angle of & 15  Aft section
approximately 90° relative to the yaw axis 13.

[0046] According to Fig. 5 corresponding features are 16 Mid-section

referred to with the references of Fig. 1-4. Two cross-

flow fans 24, each with a compressor 1 and a housing 2, 17  Side force vector due to the Coanda effect
are mounted parallel to each other and symmetric tothe 70

midplane 20 on the fuselage 4. 18  Compressor diameter

[0047] According to Fig. 6 corresponding features are

referred to with the references of Fig. 1-5. A radial com- 19  Longitudinal extension

pressor 25 is provided at the compressor 1, distal to the
fuselage 4. Said radial compressor 25 is driven by the 15 20  mid plane
rotating compressor 1 for the generation of forward pro-

pelling force thus providing a compound helicopter. 21 flaps/hatches

[0048] According to Fig. 7 corresponding features are

referred to with the references of Fig. 1-5. An impel- 22  Thrust vector
ler/ducted fan 26 is provided at the compressor 1, distal 20

to the fuselage 4. Said impeller/ducted fan 26 is driven 23 Roll axis

by the rotating compressor 1 for the generation of forward

propelling force thus providing a compound helicopter. 24 Multiple cross flow fans

[0049] According to Fig. 8 corresponding features are
referred to with the references of Fig. 1-5. A propeller27 25 25  Radial compressor
is provided at the compressor 1, distal to the fuselage 4.

Said propeller 27 is driven by the rotating compressor 1 26 Axial compressor/impeller/ducted fan
for the generation of forward propelling force thus pro-
viding a compound helicopter. 27  Propeller
30
Reference List 28  outside Flow
[0050] 29  Foreign Object Damage (FOD) grid
1 compressor 35 30 Thrust vector
2 housing 31 Yawing moment about the helicopter vertical axis

(yawing axis)
3 radial support rings
40 32  Shaft
4 fuselage
33  inside segment
5 fan axis
34 outside segment

6 airfoil blades 45
35 lateral inlet delimitation
7 outlet
36 lateral outlet delimitation
8 inlet
50
9 Incoming fluid Claims
10  Exiting fluid 1. A helicopter comprising
afuselage (4), atleastonedriving unit, aroll axis (23),
11 Inlet region 55 at least one main rotor mounted to said fuselage (4)
and drivable by said at least one engine about a yaw
12 Outlet region axis (13) perpendicular to said roll axis (23), and

at least one housing (2) mounted to said fuselage
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(4), said at least one housing (2) extending essen-
tially in direction of said roll axis (23) with an offset
relative to said yaw axis (13),

characterized in that

- an airinlet (8) and an air outlet (7) are provided
along at least a part of a circumference of the at
least one housing (2), said air inlet (8) and said
air outlet (7) being formed by angularly offset
and separate gaps between an inside segment
(33) and an outside segment (34) essentially ex-
tending respectively in direction of said roll axis
(23),

- at least one rotatable compressor (1) with a
plurality of airfoil blades (6) is provided radial
inside said atleastone housing (2) between said
air inlet (8) and said air outlet (7), said at least
one rotatable compressor (1) being drivable by
said at least one driving unit about a fan axis (5)
and

- each chord of said airfoil blades (6) is essen-
tially radial oriented with regard to said fan axis

().

The helicopter according to claim 1,

characterized in that said inside segment (33) and
said outside segment (34) of the at leastone housing
(2) are pivotable around the fan axis (5).

The helicopter according to claim 2,

characterized in thatremote control means are pro-
vided for remote control of the angular position of
said inside segment (33) and said outside segment
(34) of the housing (2).

The helicopter according to claim 1,
characterized in that the air outlet (7) of the housing
(2) is designed as a diffusor.

The helicopter according to claim 1,

characterized in that an output shaft (32) is provid-
ed from the main gear box and said rotatable com-
pressor (1) is driven by said output shaft (32).

The helicopter according to claim 1,
characterized in that the rotatable compressor (1)
is driven electrically.

The helicopter according to claim 1,

characterized in that auxiliary forward propelling
devices are provided and the rotatable compressor
(1) is adapted to drive said auxiliary forward propel-
ling devices, e.g. propeller, etc..

The helicopter according to claim 1,

characterized in that the housing (2) of the cross-
flow fan is split into a front section (14), an aft section
(15) and/or a mid section (16), the front section (14)

10

15

20

25

30

35

40

45

50

55

10.

1.

12,

13.

being closest to the yaw axis (13), the aft section
(15) being distal to the yaw axis (13) and the mid
section (16) being between the front section (14) and
the aft section (15), said front section (14), the aft
section (15) and/or the mid section (16) being sep-
arately and independently from each other pivotable
about the fan axis (5).

The helicopter according to claim 1,

characterized in that two cross-flow fans (24), each
with a compressor (1) and a housing (2), are mount-
ed parallelto each other and symmetricto a midplane
(20) on the fuselage (4).

The helicopter according to claim 1,
characterized in that a width of the air inlet (8) is
greater than the width of the air outlet (7).

The helicopter according to claim 1,

characterized in that the angular offset varies from
10° to 90° for an angle measured between a side
from the fan axis (5) to a lateral inlet delimitation (35)
of the air inlet (8) and a side to a lateral outlet delim-
itation (36) of the air outlet (7) next to said lateral
inlet delimitation (35) of the air inlet (8).

The helicopter according to claim 1,

characterized in that the angles from the fan axis
(5) of the compressor (1) to the lateral inlet delimita-
tions (35, 21) of the air inlet (8) in the azimuth direc-
tion relative to the yaw axis (13) vary for the lateral
inlet delimitation (35) between 350° +/- 50° and be-
tween 10° +/- 50° to the opposed lateral inlet delim-
itation (21) with the yaw axis 13 directed to the main
rotor corresponding to 0° and the degrees positive
in clockwise direction.

The helicopter according to claim 12,
characterized in that the angles from the fan axis
(5) of the compressor (1) to the lateral outlet delim-
itations (36, 21) of the air outlet (7) in the azimuth
direction relative to the yaw axis (13) vary on the
lateral outlet delimitation (36) between 215° +/- 50°
and between 255° +/- 50° to the opposed lateral out-
let delimitation (21).
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(54) Title: AIRCRAFT

(54) Bezeichnung: LUFTFAHRZEUG

(57) Abstract: The invention relates to an aircraft com-
prising a fuselage (1) and a propulsion device (2) that is
coupled to the fuselage (1) and that generates a definable
lift. Said propulsion device (2) comprises several im-
peller blades (3) and the latter (3) can be pivoted through
apre-definable blade angle about a pivoting axis (4). The
aircraft has been configured and developed in such a way
that the impeller blades (3) are mounted to rotate about a
rotational axis (5), the blade angle can be modified dur-
ing the rotation of the impeller blades to generate lift and
the respective pivoting axes (4) of the impeller blades (3)
run substantially parallel to the rotational axis (5).

(57) Zusammenfassung: Ein Luftfahrzeug mit einem
Rumpf (1) und einer mit dem Rumpf (1) gekoppelten
Antriebseinrichtung  (2) zur Erzeugung eines
definierbaren Auftriebs, wobei die Antriebseinrichtung
(2) mehrere Fliigelblitter (3) aufweist und wobei die
Fliigelblétter (3) um einen vorgebbaren Blattwinkel um
eine Schwenkachse (4) verschwenkbar sind, ist derart
ausgestaltet und weitergebildet, dass die Flugelblitter
(3) um eine Rotationsachse (5) drehbar gelagert sind,
dass der Blattwinkel zur Erzeugung des Auftriebs
wihrend der Drehung verdnderbar ist und dass die
jeweiligen Schwenkachsen (4) der Fliigelblatter (3) im
Wesentlichen parallel zur Rotationsachse (5) angeordnet
sind.
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LUFTFAHRZEUG

Die vorliegende Erfindung betrifft ein Luftfahrzeug mit einem Rumpf und einer mit
dem Rumpf gekoppelten Antriebseinrichtung zur Erzeugung eines definierbaren
Auftriebs, wobei die Antriebseinrichtung mehrere Fliigelbléatter aufweist und wobei
die Fliigelblatter um einen vorgebbaren Blattwinkel um eine Schwenkachse
verschwenkbar sind.

Luftfahrzeuge der eingangs genannten Art sind aus der Praxis bekannt und existie-
ren in den unterschiedlichsten Ausflihrungsformen und GréBen. Dabei sind insbe-
sondere Hubschrauber oder Helikopter bekannt, bei denen durch den Umlauf von
einem oder mehreren Hubschraubern — Rotoren — um eine nahezu senkrechte
Achse aerodynamisch eine Kraft — Rotorschub — erzeugt wird, deren senkrechte
Komponente den Auftrieb liefert. Durch eine Steuerung der Flligelblatter kann die
Richtung des Rotorschubs aus der Senkrechten ausgelenkt werden, wodurch eine
Horizontalkomponente auftritt, die als Vortriebskraft dient, die den Hubschrauber
oder Helikopter aber auch riickwarts oder seitwérts bewegen kann. Die Fllgelblatter
sind um einen vorgebbaren Blattwinkel um eine Schwenkachse verschwenkbar.
Hierdurch wird eine Anstellwinkelverstellung erzeugt. Bei einem Hubschrauber oder
Helikopter sind die Fllgelblatter radial zu einer Rotationsachse angeordnet.

Die bekannten Luftfahrzeuge verfligen ber einen oder mehrere Rotoren mit je zwei
oder mehreren radial angeordneten Rotor- oder Fliigelbléttern, die mit einem Ende
an der Rotationsachse bzw. dem Rotorkopf befestigt sind. Die Fllgelblétter der
Rotoren Uiberstreichen bei ihrer Rotation eine Kreisfliche, deren Fldchennormale
parallel bzw. koaxial zu der gemeinsamen Senkrechten auf der Langs- und Quer-
achse der Helikopterfiugzelle oder des Rumpfs steht oder nur wenige Grad gegen
diese Senkrechte verkippt ist. Aus diesem Konstruktionsprinzip heraus resultieren
verschiedene flugstatische und flugdynamische Nachteile der bisher bekannten

Hubschrauber oder Helikopter.

Ein Nachteil der bekannten Hubschrauber oder Helikopter besteht im Konkreten
darin, dass der Rumpf beim Mand&vrieren nur Vorwérts-, Rickwérts- oder Seitwérts-
bewegungen ausfiihren kann, die mit Nickbewegungen oder Rollbewegungen des
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Rumpfs bzw. der Hubschrauberflugzelle gekoppelt sind. Dadurch ist ein Mandvrie-
ren des Rumpfs unter Parallelhaltung aller Lageachsen nicht mdglich. Beim Mandv-
rieren werden immer mindestens zwei Lageachsen verkippt. Ein Satellit kann im
Gegensatz hierzu Bewegungsmandver durchflihren, bei denen alle drei Lageach-
sen des Satelliten parallel bleiben. Hubschraubern sind solche ,Shift-Mandver® nicht

mdglich.

Ein weiterer Nachteil besteht darin, dass alle Hubschraubertypen tiber so genannte
Uberkopf-Tragrotoren verfligen, bei denen die Fliigelblatter bzw. der Fligelblattkreis
den Rumpf nach vorne und zur Seite weit (iberragen. Hubschrauber missen des-
halb immer einen ausreichenden Abstand zu Hindernissen einhalten und sie kon-
nen deshalb nicht an Objekten andocken, um z. B. Personen oder Giiter Uberneh-
men zu kdnnen. Der Zugang von Personen oder Gilitern in den Hubschrauber kann
bislang nur von unten in den Rumpf erfolgen. Dies schrénkt die Fahigkeit der Hub-
schrauber fiir Rettungs- und Bergungsmandver ein. Bei der Verwendung nur eines
Uberkopf-Tragrotors entstent wegen der Reaktivkréfte aufgrund des Luftwider-
stands gegen den Rotor ein Drehmoment, das den Hubschrauber permanent um
die Hochachse des Rumpfs zu verdrehen sucht und tiblicherweise mittels eines
zweiten Rotors, beispielsweise eines Heckrotors, kompensiert werden muss. Dieser
Heckrotor ist stdranféllig und haufig Ursache flir Hubschrauberabstlirze und Bruch-

landungen.

Des Weiteren ist bei den bekannten Hubschraubern problematisch, dass beim
Richtungsflug eines Hubschraubers Flligelblatter mit Bewegungen gegen den Luft-
fahrtstrom und Fligelblatter mit Bewegungen in Richtung des Luftfahrtsiroms unter-
schiedlich durch die Luft angestrdmt werden. Dadurch andert sich die Flugdynamik
des Hubschraubers beim Richtungsflug mit der Fluggeschwindigkeit. Speziell wer-
den bei sehr schnellem Vorwértsflug die Flligelblatter mit Bewegungen gegen den
Luftfahrtstrom von ihrer Blattvorderkante her angestrémt. Die Bewegungsgeschwin-
digkeit von Flligelblattern in der Luft addiert sich aus der Kreisbahngeschwindigkeit
des Fliigelblatts und der Geschwindigkeit des Luftfahristroms. Dies begrenzt die
mogliche anwendbare Kombination aus Fahrtgeschwindigkeit und Tragkraft des
Hubschraubers und die anwendbare Kombination aus Flligelblattdrehzahl und
Fluggeschwindigkeit auf den Bereich, in dem die Filigelblaitspitzen noch nicht in
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den Uberschallgeschwindigkeitsbereich gelangen und deshalb noch nicht durch
Schockwellen beschadigt werden konnen.

Fltigelblaiter mit Bewegung in Richtung des Luftfahrtstroms werden — ausgehend
vom Inneren des Rotorkreises — teilweise von der Hinterkante des Fliigelblatts her
angestrdmt. Dies trifft fir alle Bereiche der Fligelbléatter zu, deren Kreisbahnge-
schwindigkeitsanteil in Richtung des Luitfahrtstroms kleiner ist als die Strémungs-
geschwindigkeit des Luftfahristroms. Diese Fligelblatter tragen mit zunehmender
Fluggeschwindigkeit immer weniger zum Auftrieb des Hubschraubers bei und er-
zeugen ein fluggeschwindigkeitsabhéngiges Rolimoment auf die Hubschrauberflug-
zelle bzw. auf den Rumpf, welchem entgegengesteuert werden muss.

Diese Problematik fiihrt zur Begrenzung der anwendbaren Hdchstgeschwindigkeit
von Hubschraubern auf heute typischerweise 400 km/h und zu einem mit steigen-
der Fluggeschwindigkeit zunehmenden Energieaufwand, der nicht der Flugge-
schwindigkeit oder der Tragkraft des Hubschraubers zu Gute kommt. Heutige Hub-
schrauber sind deshalb beziiglich ihrer Flugleistung sehr energieineffizient und er-
reichen deshalb nur Flugreichweiten von typischerweise 1000 km.

Die Steuerung eines Hubschraubers erfolgt ber die Verstellung der Fligelblattan-
stellwinkel und bei manchen experimentellen Hubschraubern zusétzlich lber die
Verkippung der Rotorachse bzw. Rotationsachse. Da die Fligelblatter sowohl zyk-
lisch als auch kollektiv verstellt werden miissen, ist in nachteiliger Weise eine auf-
wendige Taumelscheibensteuerung und eine komplizierte Rotorkopfkonstruktion
erforderlich. Diese komplizierte Konstruktion erlaubt heutzutage nur die Auslegung
von Rotorkdpfen mit nicht mehr als 8 Fliigelblattern und Tragféhigkeiten der Rotor-
kdpfe von bis zu 60 t.

Ubliche Hubschrauber sind im Prinzip Pendel, bei denen der Rumpf unter dem Ro-
torkopf als Aufhdngungspunkt pendelt. Die Fluglage des Rumpfs ist hier abhéngig
vom dynamischen Flugzustand, z. B. Vorwérts-, Riickwarts-, Seitwarts- oder
Schwebeflug. Es kann keine vom dynamischen Flugzustand unabhéngige Fluglage
des Rumpfs eingestellt werden, beispielsweise ist einem Hubschrauber kein Mes-
serflug méglich. Es sind allerdings Versuche bekannt, bei denen mit neigbaren oder
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verkippbaren Rotorkdpfen experimentiert wird. Diese ergeben aber noch anfilligere
und kompliziertere Antriebskonstruktionen.

Der vorliegenden Erfindung liegt nunmehr die Aufgabe zugrunde, ein Luftfahrzeug
anzugeben, bei dem mindestens eines der obigen Probleme beseitigt ist und eine
einfache Konstruktion realisiert ist.

Erfindungsgemas ist die voranstehende Aufgabe durch ein Luftfahrzeug mit den
Merkmalen des Patentanspruchs 1 gel6st. Danach ist das Luftfahrzeug derart aus-
gestaltet und weitergebildet, dass die Flligelblatter um eine Rotationsachse drehbar
gelagert sind, dass der Blattwinkel zur Erzeugung des Auftriebs wéhrend der Dre-
hung veranderbar ist und dass die jeweiligen Schwenkachsen der Flligelblatter im
Wesentlichen parallel zur Rotationsachse angeordnet sind.

In erfindungsgemé&Ber Weise ist zundchst erkannt worden, dass ein Luftfahrzeug
der eingangs genannten Art nicht zwangsweise als Hubschrauber mit Uberkopf-
Tragrotor ausgebildet sein muss, bei dem die Flligelbiatter und damit auch die
Schwenkachsen der Fliigelblatter im Wesentlichen radial zur Rotationsachse ange-
ordnet sind. In weiter erfindungsgeméaBer Weise ist erkannt worden, dass eine be-
sonders einfache Konstruktion der Antriebseinrichtung dadurch realisierbar ist, dass
die Fllgelblatter um eine Rotationsachse drehbar gelagert sind, wobei die jeweili-
gen Schwenkachsen der Fliigelblatter im Wesentlichen parallel zur Rotationsachse
angeordnet sind. Mit anderen Worten sind die jeweiligen Schwenkachsen und die
Rotationsachse im Wesentlichen derart parallel angeordnet, dass sich die Flligel-
blatter um diese gemeinsame Rotationsachse wahrend ihrer Drehung parallel ver-
schieben. Zur Erzeugung eines kontrollierten Auftriebs ist wahrend der Drehung der
Fitigelblatter um die Rotationsachse der Blattwinkel veranderbar. Je nach Vorgabe
der Blattwinkelverstellung I&sst sich ein unterschiedlich groBer und in unterschiedli- -
che Richtungen gerichteter Schub realisieren.

Mit der erfindungsgemaBen Ausgestaltung des Luftfahrzeug ist es insbesondere

nicht erforderlich, Uberkopf-Tragrotoren zu verwenden, die (iblicherweise weit {iber

den Rumpf des Luftfahrzeugs hinaus stehen und daher die Zugénglichkeit zum

Rumpf erschweren und die Mdglichkeit des Andockens des Rumpfs an beispiels-
. weise ein Gebaude verhindern.
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Im Konkreten kdnnten die jeweiligen Schwenkachsen der Flligelblatter im Wesentli-
chen aquidistant zueinander angeordnet sein. Hierdurch ist ein besonders gleich-
maBiger und unwuchtfreier Bewegungsablauf der Flligelblétter um die Rotations-
achse ermoglicht. Im gleichen Sinn kénnten die Schwenkachsen der Fligelblatter
jeweils im Wesentlichen im gleichen Abstand zur Rotationsachse angeordnet sein.

Im Konkreten kdnnten die Schwenkachsen der Fligelbléatter nicht nur im Wesentli-
chen parallel zur Rotationsachse sondern auch im Wesentlichen parallel zueinander
angeordnet sein. Hierdurch ist insgesamt. eine besonders homogene und quasi
symmetrische Ausgestaltung der Anordnung aus Fligelblattern um die Rotations-

achse realisierbar.

Im Hinblick auf eine besonders einfache und sichere Einstellung des Blattwinkels
der Fllgelblatter kdnnten die Schwenkachsen der Flligelblétter durch den Schwer-
punkt der Flligelblétter verlaufend angeordnet sein. Dabei kdnnte die Schwenk-
achse genau durch den Flachenschwerpunkt des Flligelblattquerschnittsprofils ver-
laufen.

Im Hinblick auf die Realisierung einer Neutralstellung der Fliigelblatter hinsichtlich
ihrer Verschwenkung um die Schwenkachse, d. h. zur Erzeugung einer Stellung,
bei der die Fligelblatter wahrend ihres Drehens um die Rotationsachse keinen
Schub und keine Luftablenkung erzeugen, kénnte das Querschnittsprofil der FIU-
gelblatter zur Rotationsachse hin konkav gekriimmt sein. Das Querschnittsprofil der
Flugelblatter kdnnte dabei quasi vollsténdig in einer Zylinderwand eines gedachten
Kreiszylinders liegen. Ein derartiger, sich drehender Kreiszylinder wiirde keinen
Schub und keine Luftablenkung erzeugen.

Die Schwenkachse eines jeden Flﬂgelblatts kénnte aus dem Fligelblattquer-
schnittsprofil senkrecht herausragen und damit quasi parallel oder koaxial zur FlG-
gelblattiangsachse verlaufen.

Im Hinblick auf eine sichere Steuerung der Fllgelblatter und ein sicheres Ver-
schwenken der Fllgelblatter um die Schwenkachse koénnten die Fliigelblatter an
mindestens einem Ende jeweils eine Steuerachse als. Angriffspunkt flir ein Ver-
schwenken der Fllgelblatter um die Schwenkachse aufweisen. Diese Steuerachse
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kénnte senkrecht aus dem Fliigelblattquerschnittsprofil herausragen und — in Dreh-
richtung des Fliigelblatts um die Rotationsachse gesehen — vor oder hinter der
Schwenkachse angeordnet sein. Uber die Steuerachse kénnte das Fliigelblatt aus-
gelenkt bzw. der Fliigelblattanstellwinkel oder Blattwinkel eingestellt werden. Es
kénnten sowohl positive als auch negative Blattwinkel — bezogen auf die Neutral-
stellung des Fliigelblatts — eingestellt werden. Wie bereits erwahnt, bedeutet die
Neutralstellung des Flligelblatts, dass in dieser Stellung bei um die Rotationsachse
rotierenden Fliigelblattern keine stehende Luft von den Fligelblattern abgelenkt
wird, sondern lediglich geschnitten wird. Der Abstand der Steuerachse zur
Schwenkachse bestimmt dabei das Ubersetzungsverhiltnis beim Ansteuern des

Blattwinkels.

Im Hinblick auf eine besonders sichere Lagerung und einen besonders sicheren
Antrieb der Fliigelblatter kénnten die Flligelblatter an einem Ende an oder in einem
Antriebselement schwenkbar gelagert sein. Dabei kdnnte das Antriebselement in
konstruktiv einfacher Weise um die Rotationsachse drehbar sein oder auf der Rota-
tionsachse drehbar gelagert sein. Hierzu kdnnte das Antriebselement eine Lager-
achse oder Hohlachse aufweisen, die zu einer den Fliigelbl4ttern abgewandten
Seite orientiert sein konnte.

In konstruktiv besonders einfacher Weise kénnte das Antriebselement als Antriebs-
scheibe, Antriebskreisscheibe oder Antriebsring ausgebildet sein, auf der oder auf
dem die Flligelblatter drehbar gelagert sind.

Die Schwenkachsen oder Flligelblatter kdnnten senkrecht zu dem Antriebselement,
der Antriebsscheibe, der Antriebskreisscheibe oder dem Antriebsring angeordnet
sein. Dabei kénnten die Fliigelblatter oder Schwenkachsen auf der der Lagerachse
entgegengesetzten Seite angeordnet sein. Des Weiteren kénnten die Schwenkach-
sen kreisférmig am Rand des Antriebselements oder der Antriebsscheibe oder der
Antriebskreisscheibe oder am Rand des Antriebsrings angeordnet sein. Hierbei ist
eine Anordnung der Schwenkachsen in gleichen Absténden zueinander bevorzugt.
Dabei kénnte die Anordnung von parallelen Fliigelblattern eine kreiszylindrische

Rotorwalze bilden.
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Grundsétzlich kénnen je nach Durchmesser des Antriebselements und der Breite
der Flugelblatter beliebig viele Flligelblétter am Antriebselement oder an der Rotor-
walze angeordnet werden. Das Fliigelblatt kénnte mit seiner Schwenkachse senk-
recht in dem Antriebselement angeordnet sein und um diese Schwenkachse dreh-
bar gelagert sein. - '

Die Lagerachse oder Hohlachse des Antriebselements kénnte senkrecht auf dem
Antriebselement oder der Fldche der Antriebsscheibe bzw. Antriebskreisscheibe
stehen. Hinsichtlich eines sicheren Antriebs des Antriebselements konnte das An-
triebselement mit einem Zahnriemen, einer Kette oder einem Zahnradgetriebe ge-
koppelt sein. Hierzu kdnnte das Antriebselement einen Zahnkranz auf einem Kreis-
umfang oder einem Kreisrand des Antriebselements oder auf dem Umfang der La-
gerachse aufweisen. Hierdurch kdnnte die Lagerachse als Antriebswelle ausgebil-

det sein.

Zur sicheren Kopplung mit den Fllgelblattern kénnte das Antriebselement Vertie-
fungen oder Durchgénge zur Lagerung der Schwenkachsen der Fliigelblatter auf-
weisen. Alternativ oder zuséatzlich hierzu kénnte das Antriebselement Vertiefungen
oder Durchgange fiir die Steuerachsen der Fliigelblatter aufweisen. Die Steuerach-
sen kénnten dabei derart dimensioniert sein, dass sie durch die Vertiefungen oder
Durchgdnge im Antriebselement hindurchragen. Die Vertiefungen oder Durchgénge
kénnten als Ausbriiche, Durchbriiche, Lécher oder Schlitze in dem Aniriebselement
ausgebildet sein. Insbesondere kénnten die Vertiefungen oder Durchgénge flr die
Steuerachsen der Fllgelblatter als vorzugsweise gekrimmte Langl6cher ausgebil-
det sein.

Im Hinblick auf eine Gewichtsersparnis konnte das Antriebselement Vertiefungen,
Ausnehmungen, Durchgénge, Ausbrliche, Durchbriiche, Lécher oder Schlitze auf-
weisen, so dass das Antriebselement ein sternfGrmiges, ringférmiges oder spei-
chenartiges Aussehen aufweisen kdnnte.

Hinsichtlich eines sicheren Einstellens des Blattwinkels der Flligelblatter kdnnte das
Antriebselement zum Verschwenken der Fliigelblatter um ihre Schwenkachse mit
einem Steuerelement zusammenwirken. Das Steuerelement kénnte dabei aus-
schlieBlich flir die Einstellung des Blattwinkels mittels Bewegung der Steuerachsen
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verantwortlich sein. Hierbei kdnnte das Steuerelement von der Drehung der Fliigel-
blatter und/oder des Antriebselements entkoppelt sein. Mit anderen Worten dreht
das Steuerelement beim Drehen der Fliigelblatter um die Rotationsachse nicht mit.
In konstruktiv besonders einfacher Weise kdnnte das Steuerelement auf der Rotati-
onsachse gelagert sein.

Hinsichtlich einer sicheren Steuerung der Schwenkachsen kénnte das Steuerele-
ment eine Zykloidsteuerung aufweisen. Grundséizlich kénnte das Steuerelement
relativ zur Rotationsachse in einer Flihrung verschiebbar sein, um eine sichere Ein-
stellung oder Vorgabe des Blattwinkels zu erreichen. Hierzu kénnte das Steuerele-
ment so gelagert bzw. gefiihrt sein, dass es eine bestimmte Strecke oder Auslen-
kung in alle Richtungen senkrecht zur Rotationsachse verschoben werden kann.

Bei einer besonders einfachen Ausgestaltung kdnnte die Flhrung zwei senkrecht
zueinander angeordnete Linearflihrungen im Sinne einer Kreuztischfiihrung aufwei-
sen. Alternativ hierzu kénnte die Fihrung in ebenfalls konstruktiv einfacher Weise
eine Drehflihrung in Verbindung mit einer Linearflihrung im Sinne einer verlénger-
baren Drehhebelflihrung aufweisen.

Als weiter bevorzugte Ausgestaltung kénnte die Fl‘jhrUng zwei Drehfiihrungen im
Sinne einer doppelten Exzenterscheibenfiinrung aufweisen. Die oben genannten
Elemente der Fiihrung kdnnten als Steuerschieber bezeichnet werden. Die Exzen-
terscheibenfiihrung weist den Vorteil auf, dass sie direkt auf der Lagerachse oder
Hohlachse des Antriebselements angeordnet sein kann oder von dieser gestltzt
werden kann.

Im Hinblick auf eine voneinander unabhéngige und sichere Steuerung oder Bewe-
gung der Exzenterscheiben der Exzenterscheibenflihrung kdnnte jeder Exzenter-
scheibe jeweils ein Stellmotor zugeordnet sein. Dabei kénnte insbesondere zwei
Exzenterscheiben der Exzenterscheibenfiihrung jeweils ein Stellmotor zugeordnet

sein.

Eine Exzenterscheibenflihrung kénnte zwei Exzenterscheiben aufweisen, und zwar
eine innere Exzenterscheibe, die mit ihrer Exzenterbohrung kugelgelagert auf der
Lagerachse des Antriebselements angeordnet sein konnte, und eine auBBere Ex-
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zenterscheibe, die kugelgelagert um oder auf der inneren Exzenterscheibe ange-
ordnet sein kdnnte. Dabei kénnte die Exzenterbohrung der &uBeren Exzenter-
scheibe die innere Exzenterscheibe aufnehmen. Auf der duBBeren Exzenterscheibe
kénnte das Steuerelement kugelgelagert und/oder zentriert angeordnet sein oder
laufen. Beide Exzenterscheiben kénnen sich dabei frei umeinander bzw. ineinander
drehen. Falls die Exzenterscheiben gegeneinander verdreht werden, wird das
Steuerelement ausgelenkt. Die Exzentrizitdten der Exzenterscheiben sind derart
gewahlt, dass flir eine relative Winkellage der Exzenterscheiben zueinander der
Drehpunkt der auBeren Exzenterscheibe mit dem Drehpunkt der Lagerachse des
Antriebselements lbereinstimmt. Falls sich die Exzenterscheiben in dieser relativen
Winkellage zueinander ruhend um die Lagerachse des Antriebselements drehen,
bleibt die Lage des Steuerelements unverédndert und unausgelenkt.

Mit der Exzenterscheibenfiihnrung kann wie folgt gesteuert werden. Ausgehend von
der gegenseitigen Winkellage der Exzenterscheiben, bei der keine Auslenkung des
Steuerelements vorliegt, werden beide Exzenterscheiben relativ zueinander ruhend
um den Winkel verdreht, bei dem die gewlinschte Auslenkungsrichtung liegt. An-
schlieBend werden beide Exzenterscheiben so gegeneinander verdreht, dass die
auBere Exzenterscheibe um die doppelte Winkelbetragsdrehung der inneren Ex-
zenterscheibe doppelt so schnell entgegengedreht wird. Dabei entsteht eine zum
Exzenterscheibendrehwinkel — Auslenkungsbetragwinkel — proportionale Auslen-
kung des Steuerelements in der gewlinschten Auslenkungsrichtung. Diese doppelte
Exzenterscheibensteuerung ist also eine Vektorsteuerung, bei der zuerst die Aus-
lenkungsrichtung oder der Auslenkungsrichtungswinkel und danach der Auslen-
kungsbetrag oder der Auslenkungsbetragwinkel eingestellt wird. Jedem Steuerbe-
fehl bzw. der zugeordneten Steuerposition — ,Steuerkniippelstellung” — kdnnte eine
Auslenkung bzw. ein Auslenkungsrichtungswinkel und ein Auslenkungsbetragwinkel
zugeordnet sein.

Die Steuerung koénnte nun derart stattfinden, dass das Steuern in aufeinander fol-
gende diskrete Steuerpositionen zerlegt wird. Von einer Steuerposition wird suk-
zessiv in die Folgende Ubergegangen, indem der zugeordnete Auslenkungsrich-
tungswinkel in den folgenden zugeordneten Auslenkungsrichtungswinkel und der
zugeordnete Auslenkungsbetragwinkel in den folgenden zugeordneten Auslen-
kungsbetragwinkel Gberfiihrt wird. Je feiner die diskrete Zerlegung gewéhlt wird,
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umso feiner, bzw. simultaner ist das Steuern méglich. Die Exzenterscheiben kénn-
ten dabei durch zwei Stellmotore’n, beispielsweise zwei Schrittmotoren, verstellt
werden. Ein Stellmotor halt und verdreht dabei die innere Exzenterscheibe und ein
Stellmotor hélt und verdreht dabei die duBere Exzenterscheibe. Hierzu kdénnte jede
Exzenterscheibe mit einem Zahnkranz versehen sein, in den der Stelimotor (iber ein
Ritzel eingreifen kdnnte. Die Exzenterscheiben stehen bei rotierenden Fliigelblat-
tern auBerhalb des Steuervorgangs still.

Im Hinblick auf eine besonders sichere Lagerung und/oder Flihrung der Steuerach-
sen kénnte das Steuerelement eine Ringnut oder Kreisnut zur Aufnahme der Steu-
erachsen der Fllgelblatter aufweisen. Wahrend des Drehens der Fligelblatter um
die Rotationsachse kdnnten die Steuerachsen in der Ringnut oder Kreisnut umlau-
fen. In weiter konstruktiv einfacher Weise kénnte das Steuerelement als Steuerring
oder Steuerscheibe ausgebildet sein. Dabei kénnte eine Ringnut oder Kreisnut im
&ufBeren Bereich des Steuertings oder der Steuerscheibe ausgebildet sein.

Wird nun das Steuerelement bei rotierendem Antriebselement ber die Flihrung des
Steuerelements in eine Richtung ausgelenkt, so folgen die Steuerachsen der Fli-
gelblatter, die in einer Ringnut oder Kreisnut umlaufen kdnnten, zyklisch dieser
Auslenkung. Dies realisiert eine zyklische Fllgelblattverstellung. Bei einem Umlauf
werden die Steuerachsen der Flligelblatter aus ihrer Neutralstellung sowohl einmal
positiv maximal als auch einmal negativ maximal ausgelenkt und durchlaufen zwi-
schen diesen beiden Extremalauslenkungen zweimal ihre Neutralstellung. In den
beiden auf einer Ringnutbahn des Steuerelements gegeniiberliegenden Neutral-
stellungen wird die ruhende Luft von den Fllgelblattern nicht abgelenkt. In den bei-
den Extremalstellungen wird die stehende Luft wegen der Bewegungsrichtungsum-
kehr der Flgelblétter auf ihrer Kreisbahn in diesen Punkten in die gleiche Richtung
maximal abgelenkt.

Die Extremalstellungen der Fligelbiatter liegen auf Positionen auf der Verschie-
bungsachse oder in der Auslenkungsrichtung des Steuerelements. Die Neutralstel-
lungen liegen-an Positionen vor, die hierzu um jeweils 90 Grad verschoben sind.
Falls die Steuerachsen der Fligelblatter — in Drehrichtung der Flligelblatter gesehen
— vor den Schwenkachsen der Flligelblatter am Fliigelblatt angeordnet sind, so ist
die Verschiebungsrichtung des Steuerelements identisch mit der Schubrichtung, die
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durch die Luftablenkung vorgegeben wird. Falls die Steuerachsen der Fliigelblatter
hinter den Schwenkachsen angeordnet sind, so ergibt sich die umgekehrte Wir-

kung.

Zur Steigerung der Effizienz der Antriebseinrichtung kénnte die Ringnut oder der
Steuerring eine von der Kreisform abweichende Gestaltung aufweisen. Es ist also
nicht zwangslaufig eine kreisfdrmige Ausgestaltung der Ringnut oder des Steuer-
tings vorgesehen. Im Konkreten kdnnte die abweichende Gestaltung eine drehwin-
kelabhangige Anstellwinkelfunktion oder (iberlagerte Ansteliwinkelfunktionen liefern.
Die Effizienz der Antriebseinrichtung ist hierdurch variierbar. Weiter im Konkreten
kénnte die Anstellwinkelfunktion dem Ausdruck a-cos(x)" proportional sein, wobei a
der Anstellwinkel der Flugelblatter in Grad ist und w vorzugsweise eine ganze Zahl
— vorzugsweise 11 —ist.

Mit anderen Worten kdnnte die Form des Steuerrings oder der Ringnut weiter opti-
miert werden, um die Effizienz der um eine Rotationsachse drehbaren Fliigelblatter
oder die Effizienz einer Rotorwalze zu steigern. Zur Bereitstellung dieses Effekis
kénnte anstelle einer kreisférmigen Ringnut oder anstelle eines kreisférmigen Steu-
errings eine abweichende Form realisiert werden, die eine drehwinkelabhédngige
Anstellwinkelfunktion a-cos(x)" liefert. Dies ist nur ein Demonstrationsbeispiel fiir die
Optimierungsféhigkeit der Effizienz der um eine Rotationsachse drehbaren Fliigel-
blétter oder der Rotorwalze. In der Realitét eignen sich Ringnutformen besser, die
iberlagerte Anstellwinkelfunktionen liefern, da dann die Rotorwalzeneffizienz oder
Effizienz der um eine Rotationsachse drehbaren Flligelblatter nicht auf Kosten des
maximalen Rotorwalzen- oder Fliigelblatterschubs optimiert werden kann.

Solche Ringnutformen oder Steuerringformen oder Fligelblattbahnkurven lassen
sich aus der Uberlagerung eines Kreises — Basiskreis — mit zwei oder vier periodi-
schen und symmetrischen ,Ausbuchtungen” auf dem Kreis erzeugen, so dass den
Kurven der méglichen Uberlagerungsfunktionen der Basiskreis einbeschrieben
werden kann und ein Quadrat umschrieben werden kann. Es liegt dann also eine
ganze Schar von Kurven vor. Im Grenzfall wére eine Anndherung eines Quadrates .
um den Kreis denkbar.
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Einfache Beispiele solcher Uberlagerungskurven sind fiir zwei Ausbuchtungen El-
lipsen und fir vier Ausbuchtungen Epizykioiden und Astroiden oder einfache Quad-
rate oder Rechtecke mit gerundeten Ecken. Im Falle der Verwendung nicht kreis-
formiger Steuerringe oder Ringnuten mit einer starken Abweichung zur Kreisform ist
die Steuerung der Fllgelblatter oder der Rotorwalze abzuwandeln. Es kdnnten
dann je zwei nebeneinander oder hintereinander liegende Steuerelemente oder
Nutenringe mit gleicher oder wenig voneinander abweichender Nutenringform an
einem Ende der Rotorwalze oder an den beiden Enden der Rotorwalze verwendet
werden. In dem einen Nutenring, der neben der Antriebsscheibe und/oder neben
der Flihrungsscheibe liegt und relativ zu ihr festliegt, laufen die Flligelblattschwenk-
achsen — Fllgelblattdrehachsen — um und im anderen Nutenring — dem Steuerring
— laufen die Fliigelblattsteuerachsen oder Flligelblattanlenkachsen um. Dieser Nu-
tenring kann nach wie vor relativ zur Antriebsscheibe oder Fiihrungsscheibe ver-

dreht und verschoben werden.

Die Antriebsscheibe und die Filhrungsscheibe sind zuséatzlich anstelle mit Boh-
rungen fur die Flagelblattschwenkachsenaufnahme mit radialen Schlitzen oder
Langl6chern versehen, in denen die Fliigelblattschwenkachsen radial gleiten kon-
nen. Die Antriebsscheibe und die Flhrungsscheibe haben dann den Charakter ei-
ner Mitnehmerscheibe. In dieser konstruktiven Ausfiihrung mit paarweisen Steuer-
elementen bzw. Nutenringen konnien sowohl die Flligelblattschwenkachsen als
auch die Flugelblattsteuerachsen radial gefiihrt und bewegt werden. Es liegt dann
anstelle einer kreiszylindrischen Rotorwalze oder Anordnung von Filigelbldttern
eine zylindrische Rotorwalze mit beispielsweise ellipsoider, epizyklischer oder aste-
roider oder eckengerundet quadratischer oder eckengerundet rechteckiger Quer-
schnittsbahn vor, auf der sich die Filigelblatter bewegen kénnen.

Bei einer konstruktiv einfachen Ausgestaltung kénnte die Lagerachse oder Hohl-
achse des Antriebselements vorzugsweise zentrisch durch das Steuerelement hin-
durch verlaufend angeordnet sein. Dabei kénnte das Steuerelement konzentrisch
hinter oder unter dem Antriebselement angeordnet sein. Dabei kdnnte die Lager-
achse des Antriebselements, die gleichzeitig Antriebswelle sein kann, durch das
Steuerelement hindurchgefiihrt sein. Das Antriebselement und das Steuerelement
konnten hierbei parallel zueinander angeordnet sein. Bei einer Ausgestaltung des
Antriebselements als Antriebsscheibe und des Steuerelements als Steuerring
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kénnte die Antriebsscheibenkreisfliche paraliel oder koplaner zur Flache angeord-
net sein, in der der Steuerring liegt.

Die Enden der Steuerachsen der Fliigelblditer kénnten bei Drehung der Antriebs-
scheibe spielfrei in der Ringnut oder Kreisnut des Steuerelements laufen. Dabei
sind die Steuerachsen durch das Antriebselement oder die Antriebsscheibe hin-
durch gesteckt. Die Spielfreiheit kénnte z. B. durch eine entsprechende Rollenlage-
rung erreicht werden, in der die Enden der Steuerachsen sitzen. Im einfachsten Fall
konnte diese Rollenlagerung mittels zweier radial leicht versetzter Walzlager reali-
siert werden, die auf dem Ende der Steuerachse sitzen. Das eine Walzlager hélt
dabei lediglich einen Druckkontakt zur einen Ringnutinnenwand und das andere
Walzlager halt lediglich einen Druckkontakt zur anderen oder gegentiberliegenden
Ringnutinnenwand.

Die zyklische Verstellung der Fllgelblatter kdnnte alternativ mittels den aus der ma-
rinen Antriebstechnik bekannien Zykloidsteuerungen flir Paddelantriebe realisiert
werden, wie sie beispielsweise im Schneider-Voith-Antrieb vorliegen. Diese be-
kannten Konstruktionsprinzipien eignen sich allerdings weniger fiir schnell rotie-
rende Rotorwalzen, da die Paddelansteuerungsmechanik tiber hohe bewegte Mas-
sen verflgt, deren zyklische Beschleunigung zu hohen Reaktionskraften und Vibra-
tionen fihrt. Die Erfindung hingegen gewéhrleistet minimale Massenbeschleuni-
gungen, da lediglich die Flugelblatter zyklisch um ihre Langsachse und keine weite-
ren Steuermechanismus-Massen zyklisch beschleunigt werden missen.

Im Hinblick auf ein besonders stabiles Flugverhalten kdnnte die Antriebseinrichtung
mindestens zwei Anordnungen aus um jeweils eine Rotationsachse drehbaren Fli-
gelblattern aufweisen. Hierdurch lassen sich unerwlinschte Drehmomente um die
Hochachse des Luftfahrzeugs vermeiden.

Zur Realisierung eines sicheren Auftriebs kdnnte die Rotationsachse oder kdnnten
die Rotationsachsen in einer im Wesentlichen horizontalen Ebene angeordnet sein.
Hierdurch ist eine maximale Schubumsetzung in vertikaler Richtung ermd&glicht.

Im Hinblick auf einen besonders schmalen Aufbau des Luftfahrzeugs kdnnte die
Rotationsachse oder kdnnten die Rotationsachsen parallel zu einer in Vorwérts-
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Flugrichtung verlaufenden Langsachse des Rumpfs angeordnet sein. Bei einer al-
ternativen Ausgestaltung kdnnte die Rotationsachse oder kdnnten die Rotations-
achsen senkrecht zu einer in Vorwérts-Flugrichtung verlaufenden Langsachse-des
Rumpfs angeordnet sein. Grundsétzlich sind beide zuletzt genannten Anordnungen
der Rotationsachse oder der Rotationsachsen im Hinblick auf die Flugstabilitat des

Luftfahrzeugs glinstig.

Bei einer konkreten und konstruktiv besonders einfachen Ausgestaltung konnten
mehrere Fliigelblatter eine um jeweils eine der Rotationsachsen rotierbare Walze
bilden, wobei die Antriebseinrichtung mindestens zwei derartige Walzen aufweisen

kénnte.

Zur Erzeugung stabiler Fluglagen kdnnten die Walzen in Richtung der Léngsachse
gegeneinander versetzt sein. Auf jeder Langsseite des Rumpfs kénnte mindestens
eine derartige Walze angeordnet sein. Es sind jedoch auch mehrere Walzen auf
jeder Langsseite des Rumpfs denkbar. Bei einer Ausgestaltung mit mehreren Wal-
-en lasst sich ein starkerer Auftrieb erzeugen, wodurch héhere Lasten durch das
Luftfahrzeug transportierbar wéren.

Zur Vermeidung unerwiinschter Drehmomente kdnnten zumindest zwei Walzen
gegensinnig drehbar sein.

Bei einer konkreten und konstruktiv einfachen Ausgestaltung kénnten auf jeder
Langsseite des Rumpfs mindestens zwei Walzen angeordnet sein und kdnnten die
Rotationsachsen sich gegeniiberliegender Walzen fluchten. Damit ist letztendlich
eine Anordnung der Walzen mit Rotationsachsen realisiert, die senkrecht zu einer in
Vorwarts-Flugrichtung verlaufenden L&ngsachse des Rumpfs angeordnet sind.

Im Hinblick auf eine besonders vielseitige und individuelle Steuerung des Luftfahr-
zeugs kénnte jede Walze separat steuerbar sein. Bei einer vereinfachten Steuerung
kdnnten mehrere Walzen zusammen im gleichen Sinn steuerbar sein.

Aufgrund des Wirkprinzips einer Walze aus um eine Rotationsachse rotierbaren
Fligelblattern liegt die Auftriebs- bzw. Vortriebserzeugung senkrecht zur Walzen-
langsachse bzw. Rotationsachse. Die Walzen als Antriebe bzw. ihre Rotationsach-
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sen kbnnten- deshalb parallel bzw. koaxial zur Querachse des Luftfahrzeugs am
Rumpf angeordnet werden. Es sollten aber mindestens zwei in Ladngsachsenrich-
tung des Rumpfs gegeneinander versetzte Walzen — je eine auf jeder Seite des
Rumpfs — verwendet werden, um ein hinsichtlich der Fluglage statisch bestimmtes
und besonders stabiles System zu erreichen. Zur Vermeidung unerwilinschter
Drehmomente kénnten die beiden Rotorwalzen gegensinnig rotieren. Die Anwen-
dung von zwei Walzen auf der gleichen H6he der Léngsachse kdnnte im Schwer-
punkt des Luftfahrzeugs liegen und wiirde je nach dem, ob die Rotorwalzen sich
gleichsinnig oder gegensinnig drehen, ein Drehmoment um die Querachse oder um
die Hochachse des Rumpfs erzeugen. Die notwendige statische Fluglagenstabilitat
waére hier nicht gegeben.

Unter Berlcksichtigung der M&glichkeit eines Ausfalls einer Rotorwalze kénnte eine
besonders sichere Ausgestaltung der Erfindung die Verwendung von vier Rotorwal-
zen aufweisen, wobei sich je zwei Rotorwalzen auf beiden Seiten des Rumpfs ge-
geniberliegen bzw. eine gemeinsame Rotorwalzenldngsachse bzw. Rotations-
achse bilden. Je ein solches Rotorwalzenpaar kdnnte im vorderen Bereich und im
hinteren Bereich des Rumpfs vorgesehen werden.

Durch die Verwendung von zwei bzw. vier in Langsachsenrichtung des Rumpfs ver-
setzte Rotorwalzen kann das Luftfahrzeug Vorwérts- und Rickwéarismandver
durchfiihren, ohne zu nicken. Dazu mussten die vordere und die hintere Rotorwalze
bzw. das vordere oder hintere Rotorwalzenpaar lediglich hinsichtlich ihrer Schuber-
zeugung gleich gesteuert werden. Andererseits kénnte ein Vorwarts- und Riick-
wartsmandver durch eine unterschiedlich starke Schuberzeugung des vorderen und
des hinteren Antriebs durchgefiihrt werden. Dies flihrt dann wieder zu einem Dreh-
moment um die Querachse des Rumpfs und damit zur bekannten Nickbewegung,
bei der in der Krafteparallelogrammzerlegung der Schubvektoren eine Komponente
in Vorwdrts- oder Riickwartsrichtung erzeugt wird. '

Flr Seitwarismanéver der Erfindung kann gleiches wie zu Vorwéris- und Ruck-
wartsmandvern gesagt werden. Seitwartsmandver kénnten durch eine unterschied-
liche Schubsteuerung der linken oder der rechten Rotorwalzen bzw. des linken oder
des rechten Antriebs durchgefiihrt werden. Dadurch entsteht ein Drehmoment um
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die Langsachse des Rumpfs und durch die folgende Rollbewegung resultieren wie-
der Schubvektoren in Seitwértsrichtung.

Durch eine weitere Ausgestaltung des erfindungsgeméBen Luftfahrzeugs kdnnte
jedoch auch eine Seitwértsbewegung ohne eine resultierende Rollbewegung er-
zeugt werden. Hierzu kénnten die Fliigelblatter an ihrem anderen, dem Antriebs-
element abgewandten Ende an oder in einem Fiihrungselement mittels jeweils einer
Schwenkachse schwenkbar gelagert sein. Ein derartiges Flihrungselement kann
Biegemomente der rotierenden Fliigelbldtter aufnehmen, die durch die zyklische
Luftablenkung und die Zentrifugalkréfte der Rotation auftreten. Mit dem Flhrungs-
element kann die Anordnung aus Fligelblattern oder die Rotorwalze mit wesentlich
hoheren Drehzahlen rotieren und sie kann wesentlich mehr Schubreaktionskrafte
aufnehmen bzw. wesentlich mehr Vortriebsschub und Auftriebsschub erzeugen.

Das Fihrungselement kénnte im Wesentlichen wie das Antriebselement — vor-
zugsweise scheibenférmig — ausgebildet sein. Hierbei kdnnte ein Fihrungselement
als Flihrungsscheibe ausgebildet werden.

Das Fiihrungselement kénnte durch eine zentrische Unterstiitzungsachse oder eine
Hohlachse zwischen dem Antriebselement und dem Fihrungselement unterstltzt
und an das Antriebselement angekoppelt werden. Das Fiihrungselement kdnnte
folglich mit dem Antriebselement mitdrehbar angeordnet sein. Im Konkreten konnte
das Fuihrungselement und das Antriebselement mittels einer Achse oder der Rotati-
onsachse gekoppelt sein. Dabei kénnte die Langsachse der Unterstiitzungsachse,
Hohlachse, Achse oder Rotationsachse durch das Zentrum des Antriebselements
und des Fiihrungselements verlaufen, wobei die L&ngsachse der Unterstlitzungs-
achse oder Hohlachse mit der Rotorwalzenidngsachse bzw. der Rotationsachse

zusammenfallt.

Die Unterstiitzungsachse des.Fihrungselements oder der Fuhrungsscheibe ent-
spricht der Lagerachse des Antriebselements oder der Antriebsscheibe. Dabei kann
man die Unterstiitzungsachse als fihrungselementseitige Verléngerung der Lager-
achse des Antriebselements ansehen. Da die Unterstiitzungsachse oder Hohlachse
das Flhrungselement mitnimmt bzw. antreibt, kdnnte sie gleichzeitig Antriebswelle
fir das Flhrungselement sein. |
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Im Hinblick auf eine besonders einfache Seitwartsbewegung des Luftfahrzeugs
ohne eine resultierende Rollbewegung kénnte dem Fihrungselement ein Flihrungs-
rotor aus mehreren Rotorbldttern zugeordnet sein. Die Rotorbldtter kdnnten in kon-
struktiv besonders einfacher Weise an dem Fiihrungselement angelenkt sein. Die
Rotorblatter kénnten im Konkreten zwischen der Nabe des Fihrungselements und
dem Rand des Fihrungselements radial angeordnet sein. Hierzu kdnnte das Fiih-
rungselement entsprechende Durchgénge und/oder Lagersitze aufweisen. Ein der-
artiger Flhrungsrotor kénnte dem Heckrotor herkémmlicher Hubschrauber entspre-
chen und im Prinzip konstruktionsgleich sein.

Der Fihrungsrotor kénnte (ber ein durch die Rotationsachse verlaufendes Ge-
stdnge angetrieben sein. Ein derartiges Gestdnge kdnnte eine Schubstange auf-
weisen, die durch die Unterstlitzungsachse und die Lagerachse des Antriebsele-
ments gefiihrt ist. Der Fihrungsrotor kénnte durch die Schubstange und durch
Umlenkhebel angelenkt sein. Filhrungsrotoren der Rotorwalzen erméglichen eine
Seitwértsbewegung des Luftfahrzeugs ohne eine resultierende Rollbewegung.
Dazu kdnnten alle Flhrungsrotoren hinsichtlich ihres Schubs gleich gesteuert wer-

den.

Ein Drehmandver des Luftfahrzeugs um die Hochachse des Rumpfs kdnnte entwe-
der durch eine ungleichméBige Schubsteuerung der Rotorwalzen oder der Fiih-
rungsrotoren durchgefiihrt werden. Dazu missten nur jeweils zwei gegenuberlie-
gende Rotorwalzen oder Fiihrungsrotoren, die nicht dem gleichen Rotorwalzenpaar
angehdren, in geeigneter Weise hinsichtlich ihres Schubs angesteuert werden.

Zum Steigen oder Sinken des Luftfahrzeugs kénnte der Auftriebsschub des vorde-
ren und des hinteren Antriebs gleich gesteuert werden. Die Erhohung des Steig-
schubs kbnnte Uber die VergréBerung des Blattwinkels und/oder Gber eine Dreh-
zahlerh6hung der Rotorwalzen erreicht werden. Hierbei wird ein wesentlicher Un-
terschied der Erfindung zu herkémmlichen Hubschraubern offenbar. Herkdmmliche
Hubschrauber erzeugen némlich ihren Steigschub Uber eine kollektive VergréBe-
rung des Blattwinkels und/oder eine Drehzahlerhbhung des Rotors. Bei der vorlie-
genden Erfindung hingegen wird der Steigschub Uber die zyklische Blattverstellung
erreicht.
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Zur Erreichung des Ausrichtung bzw. Trimmung der Fluglage des Rumpfs kénnten
die vorderen oder hinteren bzw. die seitlichen gegeniiberliegenden Antriebe hin-
sichtlich ihres Schubs unterschiedlich angesteuert werden. Die Erfindung ermég-
licht, Giber die Trimmungsféhigkeit unterschiedliche permanente Fluglagen einzu-
halten, und zwar unabhéngig vom dynamischen Flugzustand.

Das erfindungsgemafe Luftfahrzeug kann die gleichen flugdynamischen Zustande
eines herkdmmlichen Hubschraubers ohne die Verwendung einer kollektiven Blatt-
verstellung erreichen. Die konstruktive Ausflihrung des erﬁndungsgéméBen Luft-
fahrzeugs ist deshalb wesentlich einfacher. Dariiber hinaus kann das erfindungs-
gemaBe Luftfahrzeug Mandver mit vollkommen entkoppelten Bewegungen bzw.
reine Translationsbewegungen oder Shiftmandver ohne damit verbundene Nick-
und/oder Rollbewegungen durchfiihren. Derartige Mandver oder Bewegungen sind
herkbmmlichen Hubschraubern nicht méglich. Zudem kann die Fluglage des
Rumpfs getrimmt werden. Der Hubschrauber kann alle Lagen im gesamten Bereich
von 360 Grad um die Querachse des Rumpfs stabil einnehmen. Da das erfin-
dungsgemaBe Luftfahrzeuge tiber zwei oder vier Rotorwalzen mit im Prinzip belie-
biger Anzahl von Fllgelbléttern je Rotorwalze verfligen kann, kann ein wesentlich
héherer Auftriebsschub erreicht werden und kdnnen somit wesentlich héhere Hub-
lasten transportiert werden, als dies mit herkdmmiichen Hubschraubern mdglich ist.

Bei einer Anordnung der Rotorwalzenléngsachse bzw. der Rotationsachse parallel
bzw. koaxial zur Querachse des Rumpfs zeigt sich immer noch der Nachteil, dass
die Fligelblatter, die sich entgegen dem Luftfahristrom bewegen, und solche, die
sich in Richtung des Luftfahristroms bewegen, in ineffizienter Weise drehzahlab-
hangig und fluggeschwindigkeitsabhéngig unterschiedlich angestrémt werden. Zu-
séatzlich besteht bei dieser Konstruktion immer noch der Nachteil, dass sich die
Fluggeschwindigkeit zur Bahngeschwindigkeit der Flligelblatter addiert und so die
maximale Fluggeschwindigkeit stark begrenzt bleibt. Diese Nachteile kdnnen durch
die folgende Ausgestaltung des erfindungsgemafen Luftfahrzeugs behoben wer-
den.

Dazu werden die Rotorwalzenlédngsachsen bzw. die Rotationsachsen nicht mehr
parallel bzw. koaxial zur Rumpfquerachse angeordnet, sondern parallel bzw. ko-
axial zur Rumpflangsachse. Flr eine Antriebseinrichtung kénnten dann mindestens
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zwei Rotorwalzen hintereinander mit gemeinsamer Rotorwalzenl&éngsachse bzw.
Rotationsachse eingesetzt werden, um die erforderlichen Mand&vrierdrehmomente
erzeugen zu kénnen. Bei der Verwendung von nur zwei Rotorwalzen kdnnten diese
hintereinander und {iber Kopf tiber dem Rumpf angeordnet werden. Bei der Ver-
wendung von vier Rotorwalzen kdnnten diese auch seitlich mit je zwei hintereinan-
der liegenden Rotorwalzen auf jeder Seite am Rumpf angeordnet werden. Je zwei
hintereinander liegende oder nebeneinander liegende bzw. gegeniiber liegende
Rotorwalzen kdénnen dann zur Vermeidung unerwinschter Drehmomente gegen-
sinnig rotieren.

Bei einer besonders glnstigen Anordnung kénnten neben- oder hintereinander an-
geordnete Anordnungen von Fliigelblattern oder Walzen quasi gespiegelt angeord-
net sein. Man kann hier auch von einer verbundenen und gespiegelten Hinterein-
anderanordnung der Rotorwalzen sprechen. Bei dieser Anordnung ist nur ein Fih-
rungselement flir beide Rotorwalzen erforderlich und es reicht der Antrieb eines
einzigen Antriebselements aus, da die Rotorwalzen Uber das gemeinsame Fiih-
rungselement bzw. die beidseitigen Unterstlitzungsachsen fest miteinander gekop-
pelt werden kénnen. Bei dieser Anordnung mit nur einem Antrieb kénnten allerdings
Mandvrierdrehmomente nur noch durch die zyklische Fllgelblattverstellung und
nicht mehr durch eine unterschiedliche Drehzahlsteuerung fiir beide Rotorwalzen
erreicht werden. Auferdem kénnen die Drehmomente, die durch den Luftwider-
stand gegen die rotierenden Rotorblétter entstehen, nicht mehr durch eine getrennt
angetriebene gegensinnige Rotation der Rotorwalzen kompensiert werden.

Eine noch gréBere konstrukiive Vereinfachung des erfindungsgeméfBen Luftfahr-
zeugs koénnte dadurch erreicht werden, dass an beiden Enden der Fliigelblatter je-
weils ein vom jeweils anderen Steuerelement unabhangig betétigbares Steuerele-
ment angeordnet ist. Beispielsweise kdnnte nur noch eine Rotorwalze verwendet
werden, die allerdings zwei Steuerelemente oder Steuerringe aufweist. Die Fligel-
blatter kbnnten dann an jedem ihrer Enden entweder in einem Antriebselement
oder in einem Fihrungselement gelagert und an jedem ihrer Enden in Steuerele-
menten oder Steuerringnuten geflinrt werden. Bei dieser Ausflihrung kénnten Ma-
novrierdrehmomente, die senkrecht zur Rotorwalzenldngsachse bzw. Rotations-
achse verlaufen, durch eine zyklische Torsion der Flligelblatter erreicht werden. Die
Torsion erfolgt durch eine relative Verschiebung der beiden Steuerelemente oder
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Steuerringe zueinander. Dadurch &ndert sich der Blattwinkel und der punktuelle
Schub der Fliigelblétter von einem Ende der Fliigelblatter zum anderen Ende hin
stetig. Bei der vorher beschriebenen Ausgestaltung des erfindungsgeméBen Luft-
fahrzeugs werden Mandvrierdrehmomente durch unterschiedliche Gesamtschub-
vektoren der einzelnen Rotorwalzen erzeugt. Eine Rotorwalze mit Torsionssteue-
rung wirkt wie zwei getrennt steuerbare Rotorwalzen.

Durch die zur Langsachse des Rumpfs parallele bzw. koaxiale Ausrichtung der
Rotorwalzenléngsachsen bzw. Rotationsachsen &ndert sich die Zuordnung der
Schuberzeugung zu den Flugmandvern. Seitliche Shiftman&ver oder Drehmandver
um die Hochachse des Rumpfs kdnnen nicht mehr mittels der Fiihrungsrotoren
durchgeflhrt werden, sondern nur noch durch die Schubsteuerung der Rotorwal-
zen. Vorwarts gerichtete Shiftmandver kdnnen hingegen nicht mehr mittels der Ro-
torwalzen, sondern nur noch durch die Fiihrungsrotoren durchgefiihrt werden. Da
es energetisch giinstiger ist, den Vortrieb des Luftfahrzeugs nicht wie (iblich durch
die gekoppelte Nickbewegung zu erreichen, sondern im Rahmen einer rein trans-
latorischen Bewegung, kdnnten die relativ schwachen Fithrungsrotoren durch kréf-
tige Verstellpropeller ersetzt werden.

Bei einer derartigen Ausgestaltung des erfindungsgemaBen Luftfahrzeugs kénnte
ein Antriebsstrang aus Antriebskomponenten der Antriebseinrichtung wie folgt auf-
gebaut sein: Verstellpropeller, Wellenleistungsturbine mit Rumpfbefestigung und
beidseitig durchgeflihrier Turbinen-Leistungswelle, vorderes Steuerelement oder
vorderer Steuerring, Antriebselement oder Antriebsscheibe der vorderen Rotor-
walze, vordere parallele Filigelblatter, Fiihrungselement oder Fiihrungsscheibe mit
beidseitiger Unterstiitzungsachse, hintere parallele Fliigelblatter, Antriebselement
oder Antriebsscheibe der hinteren Rotorwalze, hinteres Steuerelement oder hinterer
Steuerring und hintere Lagerachsenaufnahme mit Rumpfbefestigung des Antriebs-
elements oder der Antriebsscheibe der hinteren Rotorwalze, wobei der Verstellpro-
peller vorne auf der Turbinenwelle sitzt und die Lagerachse bzw. Lagerwelle des
ersten Antriebselements oder der ersten Antriebsscheibe hinter der Turbine eben-
falls mit der durchgefiihrten Turbinenwelle gekoppelt ist. Die Turbine im Antriebs-
strang ersetzt die sonst noch notwendige Lagerachsenaufnahme mit Rumpfbefesti-
gung fiir das vordere Antriebselement oder die vordere Antriebsscheibe.
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Alternativ konnte die Antriebsturbine oder kdnnten die Antriebsturbinen auch in dem
Rumpf oder auf dem Rumpf angeordnet sein und den Antriebsstrang tber ein Ge-
triebe antreiben. Bei dieser alternativen Ausgestaltung konnte eine Antriebsturbine
zwei Seitenantriebsstrange antreiben oder bei der Verwendung von zwei Antriebs-
turbinen kénnten diese einfacher Uber ein Getriebe gekoppelt werden, um dem
Ausfall einer Antriebsturbine vorzubeugen.

Im Rahmen einer konkreten Ausgestaltung kdénnte mindestens eine Antriebsturbine
im Rumpf des Luftfahrzeugs angeordnet sein. Hierdurch ist eine geschiitzte Anord-
nung der Antriebsturbine gewébhrleistet.

Die Anordnung der Antriebsturbine oder der Antriebsturbinen im Rumpf hétte den
weiteren Vorteil, dass die Turbinenabgase seitlich aus dem Rumpf heraus direkt an
die Rotorwalze oder (iber die Rotorwalze geleitet werden kdnnten. Damit kénnte der
tiber der Rotorwalze entstehende und von der Rotorwalze selbst erzeugte Unter-
druck durch das Zustrémen der Turbinenabgase teilweise ausgeglichen werden und
somit der notwendige selbstinduzierte Antriebsleistungsaufwand teilweise vermin-
dert werden. Die heiBen Turbinenabgase kdnnten dann gleichzeitig eine mégliche
Vereisung der Rotorwalze verhindern und die heif3en Turbinenabgase kdénnten der-
art verwirbelt und nach unten abgelenkt werden, dass sie keine anderen Turbinen-
einlasse anderer Antriebsturbinen erreichen und zum Ausfall anderer Turbinen fiih-

ren kdnnen.

Der Verstellpropeller miisste so ausgelegt werden, dass Uber seine Propellerblatt-
verstellung sowohl Vorwértsschub als auch Riickwértsschub erreicht werden kon-
nen. Um den induzierten Leistungsaufwand weiter zu reduzieren, kénnte sowohl vor
einer Rotorwalze als auch hinter dieser Rotorwalze jeweils ein Verstellpropeller
oder Propeller angeordnet werden. Der vordere Propeller kénnte dann als Zugpro-
peller und der hintere als Druckpropeller ausgelegt werden. Zwischen den Verstell-
propellern oder Propellern — beispielsweise zwischen dem Zugpropeller und dem
Druckpropeller — kdnnten zwei oder mehrere hintereinander angeordnete Rotorwal- -
zen angeordnet sein.

Im Schwebeflug des Luftfahrzeugs kénnte man die beiden obigen Propeller gegen-
einander driickend betreiben. Beide Propeller konnten flr den Schwebeflug so ein-
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gestellt werden, dass sich ihre Vortriebswirkung gegenseitig kompensiert aber
trotzdem zusétzliche Luftmasse der Rotorwalze oder den entsprechenden Rotor-
walzen zugefihrt wird.

Der Propeller kann zusatzlich zum teilweisen Drehmomentausgleich genutzt wer-
den, um ein nicht kompensierbares Restdrehmoment, das durch die Rotorwalzen-
rotation bzw. den reaktiven Luftwiderstand entsteht, zu kompensieren. Ein solches
nicht kompensierbares Drehmoment tritt beispielsweise bei der Verwendung einer
einzigen torsionsgesteuerten Rotorwalze auf — siehe oben. Dazu kann mittels eines
Umkehrgetriebes die Propellerrotation gegensinnig zur Rotorwalzenrotation einge-
stellt werden. Dieser Drehmomentausgleich ist besonders interessant flr kleinere
erfindungsgemaBe Luftfahrzeuge mit nur einem Antriebsstrang.

Bei einer weiteren vorteilhaften Ausflihrungsform kénnte am Rumpf mindestens
eine Hilfstragflache oder Tragfliche angeordnet sein, an der oder an denen die
Rotorwalze oder Rotorwalzen angeordnet oder aufgehéngt sind.

Ein auftretendes oder nicht kompensierbares, vom Luftwiderstand herriinrendes
Drehmoment hat auf das erfindungsgeméaBe Luftfahrzeug nicht die gravierende
Auswirkung, wie auf einen herkémmlichen Hubschrauber. Beim herkdmmlichen
Hubschrauber muss dieses Drehmoment Ublicherweise durch einen zweiten Rotor,
beispielsweise einen Heckrotor, unbedinvgt kompensiert werden, um eine perma-
nente Rotation des Rumpfs um seine Hochachse zu verhindern. Beim erfindungs-
gemaBen Luftfahrzeug treten solche Drehmomente um die Hochachse nicht auf.
Entsprechende Drehmomente treten lediglich um die Ldngsachse des Rumpfs auf
und fihren allerhdchstens zu einer seitlichen Pendelauslenkung des Rumpfs. Das
erfindungsgemaBe Luftfahrzeug ist flugstatisch wesentlich stabiler als herkémmli-
che Hubschrauber.

Durch die Anordnung der Rotorwalzenldngsachsen bzw. Rotationsachsen paraliel
bzw. koaxial zur Langsachse des Rumpfs bleibt bei der Vorwartsbewegung des
Hubschraubers die Geschwindigkeitstiberlagerung der Fahrtgeschwindigkeit mit der
Rotor-Bahngeschwindigkeit aus, denn beide Geschwindigkeitskomponenten stehen
senkrecht zueinander.
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Das erfindungsgeméBe Luftfahrzeug ermdglicht deshalb wesentlich héhere maxi-
male Fluggeschwindigkeiten als herkdmmliche Hubschrauber. Im Prinzip sind die
maximalen Fluggeschwindigkeiten von Turboprop-Flugzeugen auch bei dem erfin-
dungsgemaBen Luftfahrzéug moglich. Dartber hinaus besteht die Erwartung, dass
das erfindungsgeméBe Luftfahrzeug sogar noch schneller als ein Turboprop-Flug-
zeug gleicher Antriebsleistung fliegen kann, weil das erfindungsgeméaBe Luftfahr-
zeug kein Flugzeugleitwerk und keine Flugzeugtragfiligel aufweist, die einen erheb-
lichen zusétzlichen Luftwiderstand gegeniiber dem erfindungsgeméBen Luftfahr-
zeug erzeugen. Das erfindungsgeméBe Luftfahrzeug weist die Flugdynamik sowohl
eines herkdmmlichen Hubschraubers als auch eines herkémmlichen Flugzeugs auf
und kann deshalb flugdynamisch wie ein Hubschrauber oder ein Flugzeug geflogen
werden. Der Flugbetrieb des erfindungsgeméBen Luftfahrzeugs ist gegeniiber her-
kédmmlichen Hubschraubern wesentlich energieeffizienter, da mit zunehmender
Fluggeschwindigkeit keine zunehmenden Rolimomente auftreten. Somit vermeidet
das erfindungsgeméfe Luftfahrzeug s&mtliche bekannten, in der Einleitung ge-
nannten Nachteile herkdmmlicher Hubschrauber. Zudem kdnnen wegen der zur
Rumpflangsachse parallelen bzw. koaxialen Anordnungsmdglichkeit der Rotorwal-
zen zwei oder mehr Rotorwalzen am Rumpf seitlich hintereinander und seitlich ne-
beneinander angeordnet werden. Dadurch sind groBe Rumpfkonstruktionen mit
Traglasten von um die 200 Tonnen oder alternativ von mehr als 200 Passagieren

realisierbar.

Durch die vorgenannten Vorteile und wegen der fehlenden {iberhangenden Uber-
kopf-Tragrotoren sind mit dem erfindungsgeméBen Luftfahrzeug Andockmanéver
und damit schwierige Transport-, Rettungs- und Bergungsmandver méglich. Hierzu
kénnte dem Rumpf eine Andockeinrichtung zur Zuflihrung oder Entladung von
Transportgut und/oder zum Ein- oder Ausstieg von Personen zugeordnet sein. In
konstruktiv einfacher Weise konnte die Andockeinrichtung einen Tunnel, eine Brii-
cke oder einen Korb aufweisen. Im Hinblick auf eine von einem Cockpit des Luft-
fahrzeugs gut einsehbare Andockeinrichtung kénnte die Andockeinrichtung am vor-
deren Ende des Rumpfs angeordnet sein. |

Das erfindungsgeméBe Luftfahrzeug kénnte beispielsweise mit einer Fluchtrohre
‘oder einem Fangkorb an der Luftfahrzeugnase ausgertstet werden, durch die zu
rettende Personen, Tiere oder Glter in das rettende Luftfahrzeug gelangen kénn-
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ten. Umgekehrt kdnnten Hilfs- oder Rettungskréfte und Hilfs- oder Rettungsmaterial
nach dem Andocken abgesetzt werden. Dies ist ein enormer Vorteil, weil beispiels-
weise in Hochhdusern die Hilfs- und Rettungskréfte im Rettungsfall aus Sicher-
heitsgriinden keine Fahrstlihle benutzen diirfen und damit gezwungen sind, Gerét-
schaften gegebenenfalls iiber viele Stockwerke (ber die Treppenhduser zu trans-

portieren.

Im Hinblick auf ein sicheres Andocken des Luftfahrzeugs an beispielsweise einem
Gebaude kdnnte der Andockeinrichtung eine vorzugsweise trichterférmige Auf-
nahme fiir die Andockeinrichtung zugeordnet sein. Eine derartige Aufnahme konnte
an einem Gebaude befestigt sein und zur Ankopplung eines Luftfahrzeugs flr die
Aufnahme einer Andockeinrichtung bereit sein. Dies kdnnte ein zielgerichtetes An-
docken des Luftfahrzeugs erleichtern.

Im Hinblick auf eine besonders stabile Ankopplung des Luftfahrzeugs an beispiels-
weise ein Gebaude oder an die Aufnahme kdnnte die Andockeinrichtung eine Ver-
riegelungseinrichtung aufweisen. Eine derartige  Verriegelungseinrichtung kdnnte
beispielsweise Verriegelungswarzen an der Andockeinrichtung und Verriegelungs-
warzenaufnahmen an der Aufnahme aufweisen.

Mit anderen Worten kénnte ein Luftfahrzeug Uber eine Andockeinrichtung verfligen,
die genau in dafiir vorgesehene Fiihrungen oder Aufnahmen oder Verriegelungen
passt, welche beispielsweise an Fluchtfenstern, Fluchttiiren, Fluchtluken oder allen
Arten von Rettungszugéngen und Fluchtausgéngen auBen an beispielsweise hohen
Gebauden angebracht sind. Das Luftfahrzeug kénnte dort andocken, sich veran-
kern und nach dem Offnen von Rettungszugangen oder Fluchtausgéngen und der
Aufnahme von Personen, Tieren oder Gitern wieder ablegen.

Der Andockeinrichtung kénnte eine trichterférmige Fithrung zugeordnet sein, in die
eine Andocknase vollstdndig passt. Die Andocknase kdnnte beim Eingleiten in die
trichterformige Fiihrung mit ihren Verriegelungswarzen in die am Ende der trichter-
f6rmigen Flihrung befindlichen Verriegelungswarzenaufnahmen geflihrt werden. Die
Verriegelungswarzenaufnahmen kénnten beispielsweise in einer symmetrischen 3-
Punki-Anordnung vorliegen oder beispielsweise in einer symmetrischen 4-Punkt-
Anordnung um den Rand der Durchgangsoffnung am Ende der trichterférmigen .
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Fihrung vorliegen. Die Verriegelung und/oder Entriegelung kdnnte von dem erfin-
dungsgeméBen Luftfahrzeug aus mechanisch durch Schubstangen oder elektro- -
mechanisch betétigt werden. Als Verriegelung konnte eine Hakenverriegelung,
Spreizverriegelung, Zangenverriegelung, Drehwarzenverriegelung, oder Querver-
riegelung in Form von beispielsweise einer Rollen-, Bolzen- oder Gabelverriegelung
ihre Anwendung finden.

Die Durchgangséffnung der trichterfdrmigen Flhrung kénnte durch ein Luk, eine
Tlre oder eine Fensterscheibe verschlossen sein, die sich von auBen 6ffnen lasst.
Die Fiihrung kdnnte so in das Innere eines Geb&udes versetzt sein, dass sie auen
blindig mit der Gebaudefassade abschlie3t und damit optisch nicht stért. In Hoch-
h&usern koénnten solche Filhrungen beispielsweise an allen Geb&udeseiten und
beispielsweise nach einer vorgebbaren Anzahl von Etagen wiederkehrend installiert
sein. Die Fihrung kbnnte ebenfalls an festen oder schwenkbaren Auslegern ange-
bracht sein. Eine derartige Ausgestaliung kdnnte beispielsweise auf Bohrinseln,
Forderplattformen, Fabrikanlagen oder groBen Schiffen auf See glinstiger sein. Fiir
den normalen Personen- oder Gltertransport kdnnten diese Flihrungen ebenfalls
an hohen Geb&duden oder Tlirmen als Airport-Terminals vorhanden sein.

Aus den oben genannten technischen Vorteilen des erfindungsgeméBen Luftfahr-
zeugs entstehen wirtschaftliche, logistische und strategische Vorteile gegeniiber
dem herkdmmlichen zivilen und militérischen Flugbetrieb.

Da das erfindungsgeméfe Luftfahrzeug prinzipiell das gleiche Frachtgewicht oder
die gleiche Passagierzahl transportieren kann wie Mittel- oder Langstreckenflug-
zeuge und vergleichbar hohe Fluggeschwindigkeiten und Reichweiten aufweist,
stellt das erfindungsgeméBe Luftfahrzeug eine erhebliche Konkurrenz zum norma-
len Flugzeugmittel- und Flugzeuglangstreckenbereich dar, wobei jedoch gleichzeitig
weitergehend &kologische, wirtschaftliche und logistische Vorteile vorliegen. Das
erfindungsgeméBe Luftfahrzeug kann Landeplatze aus groBer Héhe im senkrech-
ten Sinkflug anfliegen und in gleicher Weise starten. Dadurch wird die von her-
kdmmlichen Flugzeugen bekannte L&rmbelastung in den Landeplatz umgebenden
Wohnbereichen vermieden.
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Das erfindungsgeméBe Luftfahrzeug bendtigt keine kostenintensive Infrastruktur
wie beispielsweise Flugplatze mit weitldufigen Flugzeuglandebahnen. Dadurch
werden die Transportkosten bei einem erfindungsgeméBen Luftfahrzeug gesenkt
und kann das erfindungsgeméBe Luftfahrzeug beliebige Stadte und deren Innen-
stadte direkt anfliegen, auch wenn diese Stidte keinen Flughafen aufweisen. Es
kénnten infrastrukturarme Flugnetze aufgebaut werden. Dies ist besonders fir die
wirtschaftliche Entwicklung von Landern vorteilhaft, die nicht (ber die Mittel verfl-
gen, eine Infrastruktur aus herkdmmlichen Flughé&fen aufzubauen.

Im Langstreckenflugbetrieb, beispielsweise lber Ozeane hinweg, kann das erfin-
dungsgemaBe Luftfahrzeug im Gegensatz zu normalen Flugzeugen auf hoher See
positionierte Mutterschiffe anfliegen, um Wartung, Betankung oder Notlandungen
durchzuflihren. Das erfindungsgeméBe Luf"tfahrzeug kann bei Notlandungen mit
geringer Geschwindigkeit auf Wasser oder Land aufsetzen und so die tbliche Zer-
stérung der Flugzeuge bei Wassernotlandungen oder die haufige Zerstérung der
Flugzeuge bei Notlandungen auf dem Land verhindern. Das erfindungsgeméfle
Luftfahrzeug ist wesentlich sicherer als herkémmliche Mittel- und Langestrecken-

flugzeuge.

Aufgrund der hohen Traglast, Mandvrierbarkeit und Andockfahigkeit des erfin-
dungsgeméBen Luftfahrzeugs kdnnen Bergungs- und Rettungsaktionen durchge-
flhrt werden, die mit herkémmlichen Hubschraubern nicht mdglich sind. Mit der Er-
findung hatten Opfer des Anschlags auf das World-Trade-Center in New York aus
den damals unzugénglichen Geb&audeetagen gerettet werden kénnen. Mit der Er-
findung kann eine Versorgung oder Evakuierung von Krisen- oder Katastrophenge-
bieten besser und schneller durchgefiihrt werden als mit den bisher zur Verfligung
stehenden Transportmitteln.

Bei der militarischen Anwendung ermdglicht das erfindungsgeméBe Luftfahrzeug
vollkommen neue, wesentlich effizientere Operationen und Strategien. So kdnnen
“beispielsweise groB3e Material- oder Truppenbewegungen, die bisher nur Gber lang-
same, kombinierte Transportwege aus beispielsweise Schiffstransport- und/oder
GroBflugzeugtransport- und/oder Landtransport méglich sind, mit dem erfindungs-
gemaBen Luftfahrzeug wesentlich schneller direkt in die militdrischen Zielgebiete
geflihrt werden. Die durch das erfindungsgeméBe Luftfahrzeug mdgliche Zeiter-
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sparnis und Aufwandsersparnis ist von enormer militdrisch-strategischer Bedeu-
tung. Beispielsweise brauchen im Rahmen von militdrischen Operationen keine
Flugplatze mehr besetzt, angelegt und gesichert werden. Hochseeschiffe kdnnen
an jedem Punkt auf offener See versorgt werden, ohne dass sie Kreuzungspunkte
mit Tenderschiffen anlaufen missen oder auf Tenderschiffe warten miissen.

Es gibt nun verschiedene Mdglichkeiten, die Lehre der vorliegenden Erfindung in
vorteilhafter Weise auszugestalten und weiterzubilden. Dazu ist einerseits auf die
nachgeordneten Anspriiche, andererseits auf die nachfolgende Erléuterung bevor-
zugter Ausflhrungsbeispiele des erfindungsgeméBen Luftfahrzeugs anhand der
Zeichnung zu verweisen. In Verbindung mit der Erlauterung der bevorzugten Aus-
fuhrungsbeispiele des erfindungsgeméBen Luftfahrzeugs anhand der Zeichnung
werden auch im Allgemeinen bevorzugte Ausgestaltungen und Weiterbildungen der
Lehre erldutert. In der Zeichnung zeigen

Fig. 1 in schematischen Vorder-, Riick-, Drauf- und Seitenansichten ein ers-
tes Ausflihrungsbeispiel eines erfindungsgemafen Luftfahrzeugs,

Fig. 2 in schematischen Vorder-, Riick-, Drauf- und Seitenansichten ein
zweites Ausflinrungsbeispiel eines erfindungsgemafen Luftfahrzeugs,

Fig. 3 in schematischen Vorder-, Drauf- und Seitenansichten das Luftfahr-
zeug aus Fig. 2 mit einer am vorderen Teil des Rumpfs angeordneten
Andockeinrichtung,

Fig. 4 ein Fligelblatt der Antriebseinrichtung in einem schematischen Quer-
schnitt,

Fig. 5 in einer Draufsicht eine Antriebsscheibe flr die Filigelblatter,

Fig. 6 in einer Draufsicht einen Steuerring mit kreisférmiger Ringnut und ei-

ner Exzenterscheibenflhrung,

Fig. 7 in einer Draufsicht die Antriebsscheibe mit durch gestrichelte Linien
angedeutetem Steuerring in der Neutralstellung des Steuerrings,
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Fig. 8 in einer Draufsicht die Antriebsscheibe mit durch gestrichelte Linien
angedeutetem Steuerring in einer Betriebsstellung, wobei die Schub-
kraft in Pfeilrichtung verlauft,

Fig. 9 in einer schematischen Seitenansicht ein weiteres Ausfiihrungsbei-
spiel eines erfindungsgemaBen Luftfahrzeugs und

Fig. 10 in einer schematischen Vorder- und Riickansicht das Ausfiihrungsbei-
spiel aus Fig. 9.

Fig. 1 zeigt in schematischen Vorder-, Riick-, Drauf- und Seitenansichten ein erstes
Ausfilhrungsbeispiel eines erfindungsgeméBen Luftfahrzeugs. Das Luftfahrzeug
weist einen Rumpf 1 und eine mit dem Rumpf 1 gekoppelte Antriebseinrichtung 2
zur Erzeugung eines definierbaren Auftriebs auf. Die Antriebseinrichtung 2 weist
mehrere Fliigelblatter 3 auf, die um einen vorgebbaren Blattwinkel um eine
Schwenkachse 4 verschwenkbar sind. Die Fliigelblatter 3 sind um eine Rotations-
achse 5 drehbar gelagert und der Blattwinkel ist zur Erzeugung des Auftriebs wah-
rend der Drehung veranderbar. Des Weiteren sind die jeweiligen Schwenkachsen 4
der Fliigelblatter 3 im Wesentlichen parallel zur Rotationsachse 5 angeordnet. Da-
bei sind die Schwenkachsen 4 der Fligelblatter 3 auch im Wesentlichen paraliel
zueinander angeordnet.

Weiterhin sind die Schwenkachsen 4 &quidistant zueinander und im gleichen Ab-
stand zur Rotationsachse 5 angeordnet.

Die Fliigelblatter 3 sind an einem Ende in einem Antriebselement 7 mit ihrer
Schwenkachse 4 schwenkbar gelagert. Des Weiteren weist jedes Flligelblatt 3 eine
Steuerachse 6 als Angriffspunkt fiir ein Verschwenken der Fllgelblatter 3 um die
Schwenkachse 4 auf. Das Antriebselement 7 weist eine Lagerachse 8 auf.

Bei dem hier gezeigten Ausflihrungsbeispiel bilden mehrere Fllgelblatter 3 eine um
jeweils eine der Rotationsachsen 5 rotierbare Walze 15, wobei die Antriebseinrich-
tung 2 insgesamt vier derartige Walzen 15 aufweist. Auf jeder L&ngsseite des
Rumpfs 1 sind zwei Walzen 15 angeordnet. Dabei fluchten die Rotationsachsen 5
sich gegeniiberliegender Walzen 15. ‘
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Fig. 2 zeigt in schematischen Vorder-, Riick-, Drauf- und Seitenansichten ein zwei-
tes Ausflihrungsbeispiel eines erfindungsgeméBen Luftfahrzeugs. Bei diesem Aus-
fihrungsbeispiel sind Walzen 15 parallel zu einer in Vorwérts-Flugrichtung verlau-
fenden L&ngsachse des Rumpfs 1 angeordnet. Die Fliigelbldtter 3 der Walzen 15
sind torsionsgesteuert und weisen an beiden Enden ein Steuerelement zur Steue-

rung der Steuerachse auf.

An einem Fﬂhrungselément 16 ist ein Flhrungsrotor 17 flr Vorwértsbewegungen
oder Ruckwéartsbewegungen angeordnet. Der Flihrungsrotor 17 ist aus mehreren
Rotorblattern 18 aufgebaut. Bei dem hier gezeigten Ausfiihrungsbeispiel sind zwei
Wellenleistungsantriebsturbinen liberkopf angeordnet.

Fig. 3 zeigt in schematischen Vorder-, Drauf- und Seitenansichten das Ausfiih-
rungsbeispiel eines Luftfahrzeugs aus Fig. 2, wobei dem Rumpf 1 eine Andockein-
richtung 19 zur Zuflihrung oder Entladung von Transportgut und/oder zum Ein- oder
Ausstieg von Personen zugeordnet ist. Die Andockeinrichtung 19 ist als Fluchtréhre

ausgebildet.

Fig. 4 zeigt in einer schematischen Ansicht das Querschnittsprofil eines Flligelblatts
3. Dabei ist einerseits die Schwenkachse 4 und andererseits die Steuerachse 6 er-

kennbar.

Fig. 5 zeigt in einer Draufsicht ein als Antriebsscheibe ausgebildetes Antriebsele-
ment 7, das eine Lagerachse 8 aufweist. Das Antriebselement 7 weist Durchgénge
9 zur Lagerung der Schwenkachsen 4 der Fligelblatter 3 auf. Des Weiteren weist
das Antriebselement 7 Durchgénge 10 flir die Steuerachsen 6 der Flligelblatter 3
auf. Die Durchgénge 10 sind als gekrimmte Langlécher ausgebildet. Aus Griinden
der Gewichtsersparnis weist das Antriebselement 7 Durchgénge 11 auf.

Fig. 6 zeigt in einer schematischen Draufsicht ein als Steuerring ausgebildetes
Steuerelement 12 mit einer im Bereich des du3eren Rands des Steuerrings verlau-
fenden Ringnut 14 zur Fihrung der Steuerachse 6 eines Fllgelblatts 3. Zur Ver-
schiebung des Steuerelements 12 relativ zur Rotationsachse 5 ist das Steuerele-
ment 12 in einer Fihrung verschiebbar, die als Exzenterscheibenfiihrung 13 aus-
gebildet ist. Bei einer beispielhaften Anordnung ist das Steuerelement 12 parallel -
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zum Antriebselement 7 angeordnet, wobei die Steuerachse 6 eines Fliigelblatts 3
durch den Durchgang 10 im Antriebselement 7 hindurchgesteckt und dann in der
Ringnut 14 des Steuerelements 12 gelagert ist.

Fig. 7 zeigt in einer schematischen Draufsicht eine Anordnung des Antriebsele-
ments 7 mit dahinter angeordnetem Steuerelement 12 einer Walze 15. Das Steuer-
element 12 ist lediglich durch gestrichelte Linien und nur in seinem &uBBeren Rand-
bereich dargestellt. Das Steuerelement 12 befindet sich in Fig. 7 in seiner Neutral-
stellung, wobei kein Schub und keine Luftablenkung durch die Fllgelblatter 3 er-
zeugt werden. Das Querschnittsprofil des Flligelblatts 3 ist zur Rotationsachse 5 hin
konkav gekriimmt. Die Fliigelblatter 3 sind quasi in einem gedachten Kreiszylinder
angeordnet, der durch die Krimmung der Fligelblatter 3 erzeugt wird.

In Fig. 8 ist das Steuerelement 12 mittels der Flhrung relativ zur Rotationsachse 5
verschoben. Dabei wird ein Schub in der Schubrichtung 20 erzeugt. Man kann in
Fig. 8 das Prinzip der zyklischen Fligelblattverstellung mittels des Steuerelements
12 erkennen, wobei die Fliigelblatter 3 wahrend einer Drehung des Antriebsele-
ments 7 relativ zum Steuerelement 12 einmal zwischen ihren extremen Auslenkun-
gen verschwenkt werden. Auf einer durch die Schubrichtung 20 definierten und
durch die Rotationsachse 5 verlaufenden Linie befinden sich quasi die beiden ex-
tremen Auslenkungspositionen der Fligelblatter 3. In den um 90 Grad hierzu ver-
setzten Positionen befinden sich die Flligelblatter 3 wieder in ihrer Neutralstellung,
in der sie keinen Schub und keine Luftablenkung erzeugen. Die Drehrichtung der
Fliigelblatter 3 bei dem in Fig. 8 gezeigten Ausfiihrungsbeispiel ist im Uhrzeiger-
sinn.

Fig. 9 zeigt in einer schematischen Seitenansicht ein weiteres Ausflihrungsbeispiel
eines erfindungsgemaBen Luftfahrzeugs mit einem Rumpf 1, wobei vor einer Ro-
torwalze 15 ein Zugpropeller 21 und hinter einer weiteren Rotorwalze 15 ein Druck-
propeller 22 angeordnet sind. Des Weiteren sind Turbinenauslésse 23 im Bereich
der Rotorwalzen 15 angeordnet.

Fig. 10 zeigt in einer schematischen Vorder- und Riickansicht das Ausfiihrungsbei-
spiel aus Fig. 9, wobei an dem Rumpf 1 Hilfstragfléchen oder Tragfiachen 24 ange-
ordnet sind. Die Rotorwalzen 15 sind an den Tragfldchen 24 angeordnet oder
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aufgehdngt. Die Zugpropeller 21 sind vor den Rotorwalzen 15 und die
Druckpropelier 22 hinter den Rotorwalzen 15 angeordnet.

Hinsichtlich weiterer vorteilhafter Ausgestaltungen des erfindungsgeméBen Luft-
fahrzeugs wird zur Vermeidung von Wiederholungen auf den allgemeinen Teil der
Beschreibung sowie auf die beigefligten Patentanspriiche verwiesen.

SchlieBlich sei ausdriicklich darauf hingewiesen, dass die voranstehend beschrie-
benen Ausfiihrungsbeispiele des erfindungsgeméBen Luftfahrzeugs lediglich zur
Erdrterung der beanspruchten Lehre dienen, diese jedoch nicht auf diese Ausfiih-
rungsbeispiele einschréankt.
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Patentanspriiche

1. Luftfahrzeug mit einem Rumpf (1) und einer mit dem Rumpf (1) gekoppelten
Antriebseinrichtung (2) zur Erzeugung eines definierbaren Auftriebs, wobei die An-
triebseinrichtung (2) mehrere Fllgelblatter (3) aufweist und wobei die Fligelblatter
(3) um einen vorgebbaren Blattwinkel um eine Schwenkachse (4) verschwenkbar
sind,

dadurch gekennzeichnet, dass die Fligelblatter (3) um eine Rotations-
achse (5) drehbar gelagert sind, dass der Blattwinkel zur Erzeugung des Aufiriebs
wéhrend der Drehung verdnderbar ist und dass die jeweiligen Schwenkachsen (4)
der Flugelblatter (3) im Wesentlichen parallel zur Rotationsachse (5) angeordnet

sind.

2. Luftfahrzeug nach Anspruch 1, dadurch gekennzeichnet, dass die jeweiligen
Schwenkachsen (4) der Fligelblatter (3) im Wesentlichen &quidistant zueinander
angeordnet sind.

3. Luftfahrzeug nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die
Schwenkachsen (4) der Fligelblatter (3) jeweils im Wesentlichen im gleichen Ab-
stand zur Rotationsachse (5) angeordnet sind.

4. Luftfahrzeug nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet,
dass die Schwenkachsen (4) der Fliigelblatter (3) im Wesentlichen parallel zuein-
ander angeordnet sind.

5. Luftfahrzeug nach einem der- Anspriiche 1 bis 4, dadurch gekénnzeichnet,
dass die Schwenkachsen (4) der Fllgelblatter (3) durch den Schwerpunkt der Fl-
gelblatter (3) verlaufend angeordnet sind.

6. Luftfahrzeug nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass das Querschnittsprofil der Fliigelblatter (3) zur Rotationsachse (5) hin konkav
gekrimmt ist.
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7. Luftfahrzeug nach einem der Anspriiche 1 bis 6, dadurch gekennzeichnet,
dass die Fliigelblaiter (3) an mindestens einem Ende jeweils eine Steuerachse (6)
als Angriffspunkt fir ein Verschwenken der Fliigelblatter (3) um die Schwenkachse

(4) aufweisen.

8. Luftfahrzeug nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet,
dass die Fligelblatter (3) an einem Ende an oder in einem Antriebselement (7)

schwenkbar gelagert sind.

9. Luftfahrzeug nach Anspruch 8, dadurch gekennzeichnet, dass das Antriebs-
element (7) um die Rotationsachse (5) drehbar ist oder auf der Rotationsachse (5)
drehbar gelagert ist.

10.  Luftfahrzeug nach Anspruch 8 oder 9, dadurch gekennzeichnet, dass das
Antriebselement (7) eine Lagerachse (8) oder Hohlachse aufweist.

11.  Luftfahrzeug nach einem der Anspriiche 8 bis 10, dadurch gekennzeichnet,
dass das Antriebselement (7) als Antriebsscheibe, Antriebskreisscheibe oder An-
triebsring ausgebildet ist.

12.  Luftfahrzeug nach einem der Anspriiche 8 bis 11, dadurch gekennzeichnet,
dass die Schwenkachsen (4) kreisférmig am Rand des Antriebselements (7) oder
der Antriebsscheibe oder der Antriebskreisscheibe oder am Rand des Antriebsrings
angeordnet sind.

13.  Luftfahrzeug nach einem der Anspriiche 8 bis 12, dadurch gekennzeichnet,
dass das Antriebselement (7) Vertiefungen oder Durchgénge (9) zur Lagerung der .
Schwenkachsen (4) der Fliigelblatter aufweist.

14.  Luftfahrzeug nach einem der Anspriiche 8 bis 13, dadurch gekennzeichnet,
dass das Antriebselement (7) Vertiefungen oder Durchgange (10) far die Steuer-
achsen (6) der Flligelblatter (3) aufweist. :
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15. Luftfahrzeug nach Anspruch 14, dadurch gekennzeichnet, dass die
Vertiefungen oder Durchgénge (10) fiir die Steuerachsen (6) der Fligelblatter (3)
als vorzugsweise gekriimmte Langiécher ausgebildet sind.

16.  Luftfahrzeug nach einem der Anspriiche 8 bis 15, dadurch gekennzeichnet,
dass das Antriebselement (7) Vertiefungen, Ausnehmungen oder Durchgénge (11)
aufweist.

17.  Luftfahrzeug nach einem der Anspriche 8 bis 16, dadurch gekennzeichnet,
dass das Antriebselement (7) zum Verschwenken der Fliigelblatter (3) um ihre
Schwenkachse (4) mit einem Steuerelement (12) zusammenwirkt.

18.  Luftiahrzeug nach Anspruch 17, dadurch gekennzeichnet, dass das
Steuerelement (12) von der Drehung der Fliigelblétter (3) und/oder des Antriebs-
elements (7) entkoppelt ist.

19.  Luftfahrzeug nach Anspruch 17 oder 18, dadurch gekennzeichnet, dass das
Steuerelement (12) auf der Rotationsachse (5) gelagert ist.

20. Luftfahrzeug nach einem der Anspriiche 17 bis 19, dadurch gekennzeichnet,
dass das Steuerelement (12) eine Zykloidsteuerung aufweist.

21.  Luftfahrzeug nach einem der Anspriiche 17 bis 20, dadurch gekennzeichnet,
dass das Steuerelement (12) relativ zur Rotationsachse (5) in einer Fuhrung ver-

schiebbar ist.

22, Luftfahrzeug nach Anspruch 21, dadurch gekennzeichnet, dass die Fihrung
zwei senkrecht zueinander angeordnete Linearfiihrungen im Sinne einer Kreuz-
tischflihrung aufweist.

23,  Luftfahrzeug nach Anspruch 21, dadurch gekennzeichnet, dass die Fiihrung
eine Drehfiihrung in Verbindung mit einer Linearfiihrung im Sinne einer verléanger-
baren Drehhebelflihrung aufweist.
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24.  Luftfahrzeug nach Anspruch 21, dadurch gekennzeichnet, dass die Flhrung
zwei Drehfiihrungen im Sinne einer doppelten Exzenterscheibenfiinrung (13) auf-

weist.

o5, Luftfahrzeug nach Anspruch 24, dadurch gekennzeichnet, dass zZwei
Exzenterscheiben der Exzenterscheibenflinrung (13) jeweils ein Stellmotor zuge-
ordnet ist.

26. Luftfahrzeug nach einem der Anspriiche 17 bis 25, dadurch gekennzeichnet,
dass das Steuerelement (12) eine Ringnut (14) oder Kreisnut zur Aufnahme der
Steuerachsen (6) der Fliigelblatter (3) aufweist.

27.  Luftfahrzeug nach einem der Anspriiche 17 bis 26, dadurch gekennzeichnet,
dass das Steuerelement (12) als Steuerring oder Steuerscheibe ausgebildet ist.

28.  Luftfahrzeug nach Anspruch 26 oder 27, dadurch gekennzeichnet, dass die
Ringnut (14) oder der Steuerring eine von der Kreisform abweichende Gestaltung

aufweist.

29. Luftfahrzeug nach Anspruch 28, dadurch gekennzeichnet, dass die abwei-
chende Gestaltung eine drehwinkelabhdngige Anstellwinkelfunktion oder Uberla-
gerte Anstellwinkelfunktionen liefert.

30. Luftfahrzeug nach Anspruch 29, dadurch gekennzeichnet, dass die
Anstellwinkelfunktion dem Ausdruck a-cos(x)" proportional ist, wobei a der Anstell-
winkel der Fliigelblatter (3) in Grad ist und w vorzugsweise eine ganze Zahl —
vorzugsweise 11 —ist.

31. Luftfahrzeug nach einem der Anspriiche 17 bis 30, dadurch gekennzeichnet,
dass die Lagerachse (8) oder Hohlachse des Antriebselements (7) vorzugsweise
zentrisch durch das Steuerelement (12) hindurch verlaufend angeordnet ist.

32.  Luftfahrzeug nach einem der Anspriiche 17 bis 31, dadurch gekennzeichnet,
dass das Antriebselement (7) und das Steuerelement (12) parallel zueinander an-
geordnet sind.
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33. Luftfahrzeug nach einem der Anspriiche 1 bis 32, dadurch gekennzeichnet,
dass die Antriebseinrichtung (2) mindestens zwei Anordnungen aus um jeweils eine
Rotationsachse (5) drehbaren Flligelblattern (3) aufweist.

34. Luftfahrzeug nach einem der Anspriche 1 bis 33, dadurch gekennzeichnet,
dass die Rotationsachse (5) oder Rotationsachsen (5) in einer im Wesentlichen ho-

rizontalen Ebene angeordnet sind.

35. Luftfahrzeug nach einem der Anspriiche 1 bis 34, dadurch gekennzeichnet,
dass die Rotationsachse (5) oder Rotationsachsen (5) parallel zu einer in Vorwarts-
Flugrichtung verlaufenden Langsachse des Rumpfs (1) angeordnet sind.

36. Luftfahrzeug nach einem der Anspriiche 1 bis 34, dadurch gekennzeichnet,
dass die Rotationsachse (5) oder Rotationsachsen (5) senkrecht zu einer in Vor-
waérts-Flugrichtung verlaufenden Langsachse des Rumpfs (1) angeordnet sind.

37. Luftfahrzeug nach einem der Ansprlche 1 bis 36, dadurch gekennzeichnet,
dass mehrere Flilgelblatter (3) eine um jeweils eine der Rotationsachsen (5) rotier-
bare Walze (15) bilden und dass die Antriebseinrichtung (2) mindestens zwei derar-
tige Walzen (15) aufweist.

38. Luftfahrzeug nach Anspruch 37, dadurch gekennzeichnet, dass die Walzen
(15) in Richtung der Léangsachse gegeneinander versetzt sind.

39. Luftfahrzeug nach Anspruch 37 oder 38, dadurch gekennzeichnet, dass auf
jeder Langsseite des Rumpfs (1) mindestens eine Walze (15) angeordnet ist.

40. Luftfahrzeug nach einem der Anspriiche 37 bis 39, dadurch gekennzeichnet,
dass zumindest zwei Walzen (15) gegensinnig drehbar sind.

41. . Luftfahrzeug nach einem der Anspriiche 37 bis 40, dadurch gekennzeichnet,
dass auf jeder Langsseite des Rumpfs (1) mindestens zwei Walzen (15) angeordnet
sind und dass die Rotationsachsen (5) sich gegentiberliegender Walzen (15) fluch-
ten.



WO 2005/049422 PCT/DE2004/002520
-37-

42.  Luftfahrzeug nach einem der Anspriiche 37 bis 41, dadurch gekennzeichnet,
dass jede Walze (15) separat steuerbar ist. ‘

43.  Luftfahrzeug nach einem der Anspriiche 37 bis 42, dadurch gekennzeichnet,
dass mehrere Walzen (15) zusammen in gleichem Sinn steuerbar sind.

44.  Luftfahrzeug nach einem der Anspriiche 8 bis 43, dadurch gekennzeichnet,
dass die Fliigelblatter (3) an ihrem anderen, dem Antriebselement (7) abgewandten
Ende an oder in einem Fihrungselement (16) mittels jeweils einer Schwenkachse

(4) schwenkbar gelagert sind.

45.  Luftfahrzeug nach Anspruch 44, dadurch gekennzeichnet, dass das
Fiihrungselement (16) im Wesentlichen wie das Antriebselement (7) - vorzugsweise

scheibenférmig - ausgebildet ist.

46.  Luftfahrzeug nach Anspruch 44 oder 45, dadurch gekennzeichnet, dass das
Fiihrungselement (16) mit dem Antriebselement (7) mitdrehbar angeordnet ist.

47.  Luftfahrzeug nach einem der Anspriiche 44 bis 46, dadurch gekennzeichnet,
dass das Fihrungselement (16) und das Antriebselement (7) mittels einer Achse
oder der Rotationsachse (5) gekoppelt sind.

48.  Luftfahrzeug nach einem der Anspriiche 44 bis 47, dadurch gekennzeichnet,
dass dem Fithrungselement (16) ein Flhrungsrotor (17) aus mehreren Rotorbléattern
(18) zugeordnet ist. ’

49. Luftfahrzeug nach Anspruch 48, dadurch gekennzeichnet, dass die
Rotorblatter (18) an dem Fihrungselement (16) angelenkt sind.

50. Luftfahrzeug nach Anspruch 48 oder 49, dadurch gekennzeichnet, dass der
Flihrungsrotor (17) tber ein durch die Rotationsachse (5) verlaufendes Gestange

angetrieben ist.
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51. Luftfahrzeug nach einem der Anspriiche 1 bis 50, dadurch gekennzeichnet,
dass neben- oder hintereinander angeordnete Anordnungen von Flligelbléttern (3)

oder Walzen (15) quasi gespiegelt angeordnet sind.

52.  Luftfahrzeug nach einem der Anspriche 17 bis 51, dadurch gekennzeichnet,
dass an beiden Enden der Filigelbldtter (3) jeweils ein vom jeweils anderen Steuer-
element (12) unabhangig betétigbares Steuerelement (12) angeordnet ist.

53. Luftfahrzeug nach einem der Anspriiche 37 bis 52, dadurch gekennzeichnet,
dass mindestens eine Antriebsturbine im Rumpf (1) des Luftfahrzeugs angeordnet
ist. '

54. Luftfahrzeug nach Anspruch 53, dadurch gekennzeichnet, dass Abgase der
Antriebsturbine seitlich aus dem Rumpf (1) heraus direkt an die Rotorwalze (15)
oder liber die Rotorwalze (15) geleitet sind.

55.  Luftfahrzeug nach einem der Anspriiche 37 bis 54, dadurch gekennzeichnet,
dass sowohl vor als auch hinter einer Rotorwalze (15) jeweils ein Verstellpropeller
oder Propeller (21, 22) angeordnet ist.

56. Luftfahrzeug nach Anspruch 55, dadurch gekennzeichnet, dass zwischen
den Verstelipropellern oder Propellern (21, 22) zwei oder mehrere hintereinander
angeordnete Rotorwalzen (15) angeordnet sind.

57. Luftfahrzeug nach einem der Anspriliche 37 bis 56, dadurch gekennzeichnet,
dass am Rumpf (1) mindestens eine Hilfstragfléche oder Tragfldche (24) angeord-
net ist, an der oder denen die Rotorwalze (15) oder Rotorwalzen (15) angeordnet

oder aufgehéngt sind.

58. Luftfahrzeug nach einem der Anspriiche 1 bis 57, dadurch gekennzeichnet,
dass dem Rumpf (1) eine Andockeinrichtung (19) zur Zuflihrung oder Entladung
von Transportgut und/oder zum Ein- oder Ausstieg von Personen zugeordnet ist.

59. Luftfahrzeug nach Anspruch 58, dadurch gekennzeichnet, dass die
Andockeinrichtung (19) einen Tunnel, eine Briicke oder einen Korb aufweist.
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60. Luftfahrzeug nach Anspruch 58 oder 59, dadurch gekennzeichnet, dass die
Andockeinrichtung (19) am vorderen Ende des Rumpfs (1) angeordnet ist.

61. Luftfahrzeug nach einem der Anspriiche 58 bis 60, dadurch gekennzeichnet,
dass der Andockeinrichtung (19) eine vorzugsweise trichterférmige Aufnahme fiir
die Andockeinrichtung (19) zugeordnet ist.

62.  Luftfahrzeug nach einem der Anspriiche 58 bis 61, dadurch gekennzeichnet,
dass die Andockeinrichtung (19) eine Verriegelungseinrichtung zum Ankoppeln an
ein Gebéaude oder an die Aufnahme aufweist.
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HELICOPTER WITH CYCLOIDAL ROTOR
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to European patent
application serial no. EP 11 400027.6 filed Apr. 11,2011, the
disclosure of which is incorporated in its entirety by reference
herein.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The invention is related to a helicopter with a cyc-
loidal rotor system with blades disposed at a tail boom with
the features of the preamble of the claim 1.

[0004] (2) Background Art

[0005] An empennage of a classical helicopter configura-
tion features 1. a fixed horizontal stabilizer, 2. a fixed vertical
fin and 3. a tail rotor.

[0006] 1.: The horizontal stabilizer provides static pitch
attitude stability, by generating a negative lift and pro-
vides via the tail boom lever a velocity dependent posi-
tive pitch, in order to keep the fuselage in a more or less
horizontal position minimizing the configuration drag
but at the cost of positive lift. A first problem of this
classical configuration is: Since the horizontal stabilizer
incidence angle is fixed, its negative lift cannot be fully
adjusted to the flight condition, keeping the fuselage in
its minimum drag position. Finally, due to this problem
the pilot s lacking one degree of control freedom to fully
control fuselage and aircraft attitude.

[0007] 2.: The vertical fin provides yaw stability and
generates in forward flight part or all of the antitorque for
the main rotor. Again the vertical fin incidence is built in
and thus fixed, resulting in a side force that cannot be
freely adjusted and that is dependent on the forward
flight speed of the helicopter.

[0008] 3.: The possibility to freely adjust said side force
is provided by the tail rotor, providing all of the anti-
torque force in hover condition and almost no additional
force in cruise. The side forces and the lift act in a
vertical plane with a normal vector parallel to the tail
boom. A second problem is the helicopter’s limited
maximum horizontal speed, since the main rotor has to
provide the propulsive force. This propulsive force is
naturally limited, since it depends on the rotor specific
limitations in tilting the tip path plane forward.

[0009] The document U.S. Pat. No. 2,580,428 A discloses
an aircraft with cycloidal propulsion units including respec-
tively airfoil blades pivotally mounted along an essentially
horizontal blade axis parallel to the hub axis and perpendicu-
lar to a longitudinal axis of the aircraft.

[0010] Thedocument WO 2007106137 Al discloses a cyc-
loidal propulsion unit for controlling a thrust vector including
a hub that rotates about a hub axis. Further, the unit includes
an airfoil blade pivotally mounted on the hub along a blade
axis parallel to the hub axis and perpendicular to a longitudi-
nal axis of the aircraft. As a result, the blade may pivot about
the blade axis while travelling along a blade path during
rotation of the hub. The unit further includes aring that rotates
around a ring axis parallel to the hub axis. The ring is inter-
connected with the blade via a control rod. Also, a device is
engaged with the ring to selectively position the ring axis

Oct. 11,2012

relative to the hub axis. As a result of these structures, selec-
tive positioning of the ring axis provides control of the rota-
tion of the blade about the blade axis as the blade travels along
the blade path.

[0011] The document WO 2009109918 A2 discloses acyc-
loidal rotor system having airfoil blades travelling along a
generally non-circular, elongated and, in most embodiments,
dynamically variable orbit. Such non-circular orbit provides a
greater period in each revolution and an optimized relative
wind along the trajectory for each blade to efficiently maxi-
mize lift when orbits are elongated horizontally, or thrust/
propulsion when orbits are vertically elongated. Most
embodiments, in addition to having the computer system
controlled actuators to dynamically vary the blade trajectory
and the angle of attack, can also have the computer system
controlled actuators for dynamically varying the spatial ori-
entation of the blades; enabling their slanting motion upward/
downward and/or back sweep/forward sweep positioning to
produce and precisely control a variety of aerodynamic
effects suited for providing optimum performance for various
operating regimes, counter wind gusts and enable the craft to
move sideways and to allow roll and yaw control of the
aircraft. Thus arotor is provided, which when used ina VTOL
rotorcraft, will require lower engine power to match or exceed
the operating performance of VTOL rotorcrafts equipped
with prior art rotors, this rotor also offers increased efficiency
and decreased required power when used for generating the
propulsive force for various vehicles or used as a fan.

[0012] The document JP 2009051381 A discloses a cycloi-
dal blade capable of generating an advancing force during
forward flying and accelerating forward speed, said cycloidal
blade being disposed at the rear end of a tail boom of a
helicopter to generate a propulsive force F in one direction.
The blade includes a rotating shaft which extends along a
vertical shaft of the helicopter, a plurality of blades which
extend along the vertical shaft of the helicopter and rotate
together with the rotating shaft, and a pitch angle change
mechanism which decreases a pitch angle of the blade pass-
ing the opposite side to the one direction by moving in a
direction opposite to the one direction, and increases the pitch
angle of the blade passing on the same side with the one
direction.

[0013] The document DE 102007009951 B3 discloses an
aircraft with a closed cylinder drivable around a transverse
axis of the aircraft with a controllable number of revolutions
for generation of lift and/or propulsion after the Magnus
effect. A radial blower having adjustable driving power is
assigned to each of the cylinders for generating air flow that
flows transversely against the cylinder. A wing profile of the
radial blower has rotor blades that are pivotable around an
aligned axis parallel to a rotation axis where a rotor of the
radial blower concentrically surrounds the cylinder with a
distance.

[0014] The document U.S. Pat. No. 1,761,053 discloses an
airplane with a semi-cylindrical housing open upward and
with a rotatable plane operable in the housing.

[0015] The document DE102008015073 Al discloses a
helicopter with a main rotor arranged on a cabin, on which a
rear rotor is fixed over a rear bracket at a distance from the
cabin for torque balancing. The rear bracket is provided with
units for aerodynamic support for torque balancing. The
devices for aerodynamic support for the torque balancing
comprise a high-lift flap on the side turned away from the
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main rotor rotating direction extending along the rear bracket
for accelerating the flow of the discharged air passing through
the area of main rotor.

[0016] The document U.S. Pat. No. 4,948,068 A discloses a
no tail rotor system for a helicopter. The addition of vortex
generators in the longitudinal slots or nozzles, which produce
the circulation control portion of the system which combines
with a jet thruster and fluid resource, replaces the tail rotor.
[0017] The common disadvantage of all of said rotor sys-
tems of the state of the art is a low lift to drag ratio, limiting the
efficiency of the generation of a propulsive force.

BRIEF SUMMARY OF THE INVENTION

[0018] It is an object of the present invention to provide a
helicopter without the disadvantages of the state of the art.
[0019] A solution is provided with a helicopter with a cyc-
loidal rotor system with the features of claim 1. Preferred
embodiments of the invention are presented in the subclaims.
[0020] According to the invention a helicopter is provided
with at least one main rotor with an essentially vertical axis of
rotation, a tail boom extending along a longitudinal axis
essentially perpendicular with regard to said vertical axis of
rotation and at least one anti-torque device. At least one
cycloidal rotor is provided extending along said longitudinal
axis of the tail boom said at least one cycloidal rotor having
airfoil blades being rotated for anti-torque around said longi-
tudinal axis of the helicopter the speed of said rotation being
variable. The airfoil blades of said at least one cycloidal rotor
are inclined relative to said longitudinal axis of the helicopter.
Rotation creates aerodynamic effects at each of the airfoil
blades that sum up to a lateral force resulting approximately
in the middle of said at least one cycloidal rotor with some
distance from the hub of the main rotor. The direction of
rotation of said at least one cycloidal rotor and the inclination
of each of the airfoil blades are tuned to create a lateral force
with a suitable direction at said distance from the hub of the
main rotor to provide anti torque to counter the operational
torque of the main rotor. By varying the rotational speed of
said at least one cycloidal rotor the lateral force is adapted to
balance the operational torque of the main rotor for a control-
lable flight of the helicopter allowing for example at high
forward speed of the helicopter to reduce the rotational speed
of the cycloidal rotor as more anti torque may be contributed
by avertical tail thus allowing economy with regard to energy
consumption of the inventive helicopter.

[0021] According to a preferred embodiment of the inven-
tion the inclination of each of the airfoil blades may be con-
trolled relative to the longitudinal axis of the inventive heli-
copter to vary the direction of the force generated by the
cycloidal rotor to allow as well yaw and pitch stabilization by
means of said at least one cycloidal rotor allowing to replace
the effect of any horizontal tail and thus allowing a more
simple helicopter, said force being particularly directed to
counteract the main rotor torque. The inventive helicopter
with the cycloidal rotor allows for replacement of a classical
tail rotor, any horizontal stabilizer and any vertical tail at the
rear end of the tail boom of a helicopter and thus the inventive
concept allows the provision of an improved helicopter with
less structural elements.

[0022] Preferably said helicopter comprises as a second
type of anti-torque means a rotating cylinder which extends
inside said cycloidal rotor along said longitudinal axis of the
tail boom and which is driven to produce a Magnus effect side
force. The rotating cylinder extends from the fuselage
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towards a rear end of the tail boom of the inventive helicopter.
According to a further advantage of the invention the rotating
cylinder creates a force due to the down wash of the main
rotor in a transversal direction to the tail boom. With a suitable
rotational direction of the rotating cylinder relative to the
rotational direction of the main rotor—mainly in hover
flight—said force can principally be directed to counteract
the effect of the main rotor torque to the inventive helicopter.
[0023] According to a preferred embodiment of the inven-
tion a three actuator combination drives the cycloidal rotor by
means of a translational control plate with two translational
degrees of freedom in a plane perpendicular to said longitu-
dinal axis allowing said cycloidal rotor a thrust vector in any
direction of a plane vertical to the longitudinal axis of the tail
boom.

[0024] According to a further preferred embodiment of the
invention a tail propeller is provided with a rotational axis in
line with the tail boom to provide efficient thrust compound-
ing for higher horizontal speed of the helicopter.

[0025] According to a further preferred embodiment of the
invention said tail propeller is coupled to the tail boom by
means ofa gear box to adjust for different rotational speeds of
cycloidal rotor and tail propeller.

[0026] According to a further preferred embodiment of the
invention a periphery of the closed eylinder is provided with
dimples and/or increased surface roughness for reduced drag
in the downwash of the main rotor.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0027] Preferred embodiments of the invention are pre-
sented in more detail with regard to the following description
and reference to the attached drawings:

[0028] FIG. 1 shows a force diagram of a tail boom of a
helicopter of the state of the art,

[0029] FIG. 2 shows a schematic view of a helicopter
according to the invention,

[0030] FIG. 3 shows a force diagram for a cycloidal rotor
and a rotational cylinder of the helicopter according to the
invention,

[0031] FIGS. 4 and 5 each show a schematic view of a
preferred embodiment of the helicopter according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] According to FIG. 1 an empennage 1 of a classical
helicopter (not shown) comprises a fixed horizontal stabilizer
2, a fixed vertical fin 3 and a tail rotor 4. The horizontal
stabilizer 2 generates a negative lift, the vertical fin 3 provides
yaw stability and generates in forward flight part or all of the
antitorque for the main rotor while the tail rotor 4 provides all
of the antitorque force in hover condition and almost no
additional force in cruise. (JF indicates direction and ampli-
tude of the resulting force at the empennage 1 said resulting
force being principally directed vertical to a tail boom of said
helicopter.

[0033] According to FIG. 2 the helicopter 10 has a fuselage
11 and is equipped with a main rotor 12. A tail boom 13 with
a longitudinal axis is fixed to the fuselage 11. A cycloidal
rotor 14 of individual blades 15 surrounds the tail boom 13
between the fuselage and its rear end 16, said blades 15 being
essentially parallel to the longitudinal axis of the tail boom
13. The radius of the main rotor 12 extends beyond the entire
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length of any of the blades 15. Consequently the blades 15 are
within the downwash of the main rotor 12 in operation.
[0034] A three actuator combination (not shown) drives the
cycloidal rotor 14 by means of a translational control plate
(not shown) with two translational degrees of freedom in a
plane perpendicular to said longitudinal axis. Said drive com-
prises an electric motor arranged at the periphery of the tail
boom 13 and being drivingly connected to the cycloidal rotor
14.

[0035] A tail propeller 17 is rotatable fixed to the tail boom
13, said tail propeller 17 being coaxial with the cycloidal rotor
14 and having the same rotational speed. A gear box (not
shown) is provided between cycloidal rotor 14 and tail pro-
peller 17 to adjust for different rotational speeds of cycloidal
rotor 14 and tail propeller 17.

[0036] According to FIG. 3 corresponding features are
referred to with the references of FIG. 1, 2. The tail boom 13
is surrounded by a closed rotating cylinder 18 being driven in
a range of 1000-2000 rpm. The rotating cylinder 18 has a
diameter range of 300-800 mm. The cycloidal rotor 14 is
eccentrically arranged with respect to the rotating cylinder
18. The cycloidal rotor 14 is driven to rotate in the same or a
direction contrary to the rotational direction of the rotating
cylinder 18. The diameter of the cycloidal rotor 14 is always
more than that of the rotating cylinder 18 and is in the range
of 600-1600 mm. The cycloidal rotor 14 has five to fifteen
blades 15. Any force vector resulting from the blades 15 of the
cycloidal rotor 14 is freely controllable by changing respec-
tively the inclinations of the blades 15 with regard to their
trajectories. The periphery of the rotating cylinder 18 is pro-
vided with dimples and/or increased surface roughness. The
rotating cylinder 18 is driven by the electric motor arranged at
the periphery of the tail boom 13.

[0037] According to FIGS. 4 and 5 the cycloidal rotor 14
extends from the rear end 16 of the tail boom 13 towards the
fuselage 11 covering approximately ¥4 to 24 of the length of
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the tail boom 13 with the radius of the main rotor 12 essen-
tially extending along the entire length of the blades 15.

What is claimed is:

1. A helicopter comprising

at least one main rotor, and

a tail boom extending along a longitudinal axis, said tail

boom being provided with at least one anti-torque
device,

wherein at least one cycloidal rotor with individual airfoil

blades is provided, said at least one cycloidal rotor
extending along said longitudinal axis of the tail boom
and being driven to rotate for anti-torque around said
longitudinal axis with a controllable rotational speed.

2. The helicopter according to claim 1, wherein each of the
airfoil blades is pivotable relative to said longitudinal axis for
yaw and pitch stabilization.

3. The helicopter according to claim 1, wherein at least one
rotating cylinder is provided, said rotating cylinder extending
at least partly along said same tail boom and rotating inside
the cycloidal rotor.

4. The helicopter according to claim 1, wherein a control is
provided said control allowing the cycloidal rotor to give a
controllable thrust vector inany direction of a plane vertical to
the longitudinal axis of the tail boom.

5. The helicopter according to claim 1, wherein a three
actuator combination is provided to drive the cycloidal rotor
by means of a translational control plate.

6. The helicopter according to claim 1, wherein a tail pro-
peller is provided with a rotational axis in line with the axis of
the cycloidal rotor.

7. The helicopter according to claim 6, wherein the tail
propeller is coupled to the tail boom by means of a gear box.

8. The helicopter according to claim 3, wherein a periphery
of the rotating cylinder is provided with dimples and/or
increased surface roughness.

* ok gk ok 3k
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The Internaticnal Searching Authority has found that the
international application containg multiple {groups of}

inventione, as follows:

1. Claimg 1-57:

an aircraft with a propulsion device consisting of
wing blades which are mounted in such a way that they
can rotate about an axis of rotation, the blade angle
of each wing blade being displaceakle about a pivotal
axig that is substantially parallel to the axis of
rotation {claim 1); arrangements and details of gaid

propulsion device(s) {claims 2-57).

2. Claims 1 and 58-62:

an alrcraft with a propulesion device consisting of
wing blades which are mounted in such a way that they
can rotate about an axis of rotation, the blade angle
of each wing blade being displaceable about a pivctal
axis that is substantially parallel to the axis of
rotation {claim 1}; arrangement and details of a
docking system for use in the transport of passengers

or freight (claims 58-62).

Form PCT/ISAR10 ~—




(36) F#2007-533528 (P2007-5335284)

i RNATIONAL SEARCH REPORT

Iy nal Application No

pformafin an penent famy meribere PCT/DE2004/002520
o i soti report P i it P "
US 6007621 A 28-12-1999  NONE
US 2037377 A 14-04-1036 US 1975098 A 62-16-1934
Us 2567687 A 16-85-1%58 mONE
a8 747172 A 2s-03-1%56 W
US 1761653 A @3-es-103 NoNE
US soees2r A 3e-11-1093 oW
DE 10107515 AL @5-09-zo82  NOWE
EP 1394039 A 03-03-2004 EP 1304039 AL 03-03-2004
US 4588188 A lmes-ises  wene
US 5375795 A 27-12-1994 oW
Us ageoe7s A 20--1%89 mome
Us azaswm A es-il-lese mowe
US 5006336 A 25-85-1099  WONE

e o P BB o G N At ¥ PR e e T o o R e e e A o et M

Form PCTABA/210 (patent Family annax} {January 2004)




(37) F#2007-533528 (P2007-5335284)

INTERNATIONI-ER RECHERCHENBERICHT !m.malesmwmichm
PCT/DEZ004/002528
LK LASSIFIZIEHUNGDESANMELDU E E TANDES
IPK 7 BB4C39/00  B6ACI/ 22 B64D1/22 B64C11/00

Nach der Intemationalen Patentilasslfikation ({PK) pder nach der nationalen Klassifikation und der IPK

B. RECHERCHIERTE GEBIETE
Recherchlsrier Mindestprifsinff (Klassifikationssyster und Klasslflkationssymbola )

IPK 7 B64C A62B B64D B64AG

Recherchierte aber nichi zum Mindesipriiistof gahbrends Verdffortichungan, nwaij diege unter die rechierchisran Geblata fallen

Wahrend der intarnetionalen Racherche kansulisrts elektronlsche Datenbank (Name der Datenbank und evil. verwendete Suchbagriffe)

EPO-Internat

G. ALS WESENTLICH ANGESEHENE UNTERLAGEN
Kategorle® 1 Bazaichnung der Verbifentlichung, sowslt erfordedich urter Angabe derin Bekacht kommenden Telle Befr, Anspruch Nr.

X US 6 067 021 A (TSEPENYUK ET AL) 1-57
28. Dezember 1999 (1999-12-28)
das ganze Dokument

Y , E8-60
X US 2 837 377 A (GARDNER ALBERT B) 1-57
14, April 1836 (1936-04-14)
das ganze Dokument ,
Y 58-560
X US 2 587 657 A (WIESSLER GASTON ANTOINE 1-57
AUGUSTE) 16. Mai 1950 ({1958-05-16)
das ganze Dokument

Y bg-60
Weltera Yer&fferslichungen sind der Fortsetzung von Feld C zu m Slahe Anhang Patontiamiia
antnehmen
= Besondsre Katagerlen von angegebenen Yertfientiichungen ™ Sp??tds Veirjﬁrffanthchu?g. die r?‘ifg’mm hﬁmmgtﬂlera Anmgldada&um
*A* Veroffenilichung, die den aligemainen Stand der Techri definiert, e s i katsdzlun va A miz dar
aber ncht ks Basonders b}gdnulsam anzugehan let Erﬁ"gun zungrlc{r“ndhg}]“dhs'di?ﬂnlgl?glnga?gdgrarhrzu “rﬁncrﬁl‘igennd n
*E* @ltargs Dokurngnt, das jedoch arstam oder nach dem Internationalan Theorle gngggsm Lg?e a3 ¢ genca
Anmeldedatum varbifantlichi worden st " Verﬂﬁenl:llch von bssorl:lnrer Badeutung; die beanspruchte Erflndung
'L Verbifentichung, die gecignet igt, einen Priotfitdtsanspruch zwaeifelhaR er- kenn al aufgg dinger Varaffentichung nicht als new oderauf
mnlézmen‘zum?&h oder durglit dia dash\afersfieunfihlam&llz:husdut#;]rl :Itnerrda arﬁndanscharT&tqueﬂ baruhand hetrachiet werden
al rath im enberic genanntan Ver I ung egt werden .
soll ol cls AL Slfiom Bncoren besordaran Grund Bngageben B (Wle | g T gd v peeerEra $§&W&gﬁ;§¥:ﬁﬁm Elindung
. Busgethid) waidan, wenin die Verdtfentichung mit efner odar mabraren andaren
0" Vardfigntichung, dls sich auf aia mindicha Cffenbarng, Vemﬁen!lchungen dieger s:s%me in Verblndung ebracht wird und
"~ \a'eroffgnlhd'mn dle vu':' dam Intar;‘l:%enn:fn Anmeldsdﬂwmb:b:hnach liass Verbinclug iy einer, Feoh Rkt “ahg“wmd
dem b g."m Priorititsdatm verdtfentlicht warden Ist *8" Verdfentichung, die Migked derselben Patertfamile ist
Datum des Abschlusses dor Internationalen Recherche Absandedatum des Internatioralan Racherchenberichis
29. August 2005 - 19 005
Mame und Postangehiift der Intemationalen Racherchenbghtirde Bevollmacitigter Bedlensister
Eurepaischas Patentamt, P.B, 6318 Patentiaan 2
To, (1-70) SHA04D, T, 51 51 g
el (+31-70, 3040, Tx. 31 651 epo
Fax: {+31-70) 40-8016 ' Pedersen, K

Formilett POTAA/L10 {Blatl 2) (Jaruer 2004)




(38)

FFFR2007-533528 (P2007-5335284)

INTERNATIDNAEH RECHERCHENBERICHT -
Iatte, nales Aktenzeichen
‘ PCT/DE2BBA/002520
C.(Fortsetzung) ALS WESENTLICH ANGESEHENE UNTERLAGEN
Kategorie® | Bezeichnung dar VeraHantfohung, sowelt erfordarich (fhitar Angabader in Eatracht kommenden Talla Bair. Anspruch Nr.
X GB 747 172 A (CHARLES FREDERICK BYRON 1-57
POWLEY) 28. Mirz 1956 (1956-03-28)
das ganze Dokument
Y 58-60
X US 1 761 053 A {RYSTEDT INGEMAR K) 1-57
3, Juni 1930 (1930-06-83)
das ganze Dokument
X US 5 265 827 A (GERHARDT ET AL) 1-57
38, November 1993 (1993-11-30)
das ganze DBokument
Y 58-60
X _ DE 181 87 515 Al (HOYER, RALF} 1-57
5. September 2062 (2002-89-05
das ganze Dokument
Y 58-68
X,P EP 1 394 039 A {LOSI, BRUNO) 1-57
3. Marz 2004 (2005-63-03)
das ganze Dokument
Y US 4 588 148 A {KRAUCHICK ET AL) 58-60
13. Mai 1986 (1986-85-13)
das ganze Dokument
Y US 5 375 795 A (STRUNK ET AL) 58-68
27. Dezember 1994 (1994-12-27)
das ganze Dokument
A US 4 880 975 A (SCHLIESING ET AL) . 58~-62
29, August 1989 {1989-08-29)
das ganze Dokument '
A 03 4 235 399 A (SHOREY, THOMAS H) 58-60
25. November 1980 (1980-11-25)
das ganze Dokument
A US 5 986 336 A (ECKSTEIN ET AL) 61
25, Mai 1999 (1999-05-25)
das ganze Dokument

Formblait PGTASA210 (Fortestzung von Blatt 2} (Januar 2004)




{(39) F#2007-533528 (P2007-5335284)

. ] aticnales Aktenzeichen
INTERNATIONALER RECHERCHENBERICHT PCT/DE2D04/002520

Feld I Bemerkungan zu den Ansprncﬁen, die sich als nicht recharchierbar erwiesen haben (Fortsaizung voh Punkt 2 auf Blalt 1)

GemaB Artikel 17{2)a) wurde aus folgenden Crinden fir bestmmte Anspriiche kein Recherchenbericht erstellt:

1. D Ansprliche Nr.
weil sie sich auf Gegenstande beziehen, zu deren Recherche dig Beharde nicht verpfilehiet Ist, namlich

2, D Angpriiche Nr, ’
wail sie sich auf Telle der internationalen Anmeldung beziehen, die den vergeschrigbenen Anforderungen so wenlg antsprachen,

daR elne sinavolle intsrnationale Recherche nicht durchgefiihit werdsn kann, namlich

3. D Anspriiche Nr. '
weil 8s sich dabei um abhangige Ansprliche handelt, die nicht entsprechend Satz 2 und 3 der Regel 6.4 a) abgefaBt sind.

Fald Ill Bemerkungen bei mangeinder Einheftlichkeit der Erfinduryy (Fortselzung von Punkt 3 auf Blatt 1)

Dlg Imernationale Recherchenbehtrde hat fastgestallt, dzaf diese internatiorale Anmeldung mehrere Erfindungen enthalt:

siehe Zusatzblatt

1. Da der Anmelder alle etferderlichen zusétzlichen Recherchengeblhren rechtzeitig enirichtet hat, sratrsckt sich dieser
internationals Recherchenberiaht auf alle rachsrchfarbaren Ansprilche, . .

2, D Da for alie recharchiersaren Anspriche die Recherche ohns einen Arbeltsautwand durchgefﬂhnwerdankunnie; der eine
zusiizliche Recherchengebithr gerechifertigt hétte, het die Behdrde nicht zur Zehlung siner solechen Gebihr aufgefordert.

3. D [a dar Anmelder nur einlgs dar erforderlichen zusétzlichen Hecherchengebithren rachizeitig entrichiet hat, erstreckt sich dieser
lnternati%na.'l? Rechetchenbericht nur auf dis Anspriiche, fir die Gebihran entrichtet wardan sind, namiich auf dis
Anspriiche Nr.

4. Per Anmelder hat die erforderlichen zusaizlichen Racharchengebahren nicht rechizeitig entrichtet. Der internationale Recher-
chenbaricht beschréinkt sich daher auf dia inden Ansprichen zuerst srwihnte Erfindung; diess st In folgenden Ansprilchen er-

Eemerkungen hinsichtlich sines Widerspruchs [:I Die zus&izlichen Geblihren wurden vem Anmelder unter Widerapruch gezahlt.

Dis Zahlung zusitzlicher Resherchengebiihren arfolgta ohne Widerspruch,

Farmblait PCTASAZ10 (Fortsetzung von Blatt 1 (2)} (Januar 2004}




(40) F#2007-533528 (P2007-5335284)

Internationales Aktenzsichen PG T/ DE2004/ 032520

WEITERE ANGABEN PCTASAY 210

Die internationale Recherchenbehtirde hat festgestellt, dass diese
int?rnﬁtionaIe Armeldung mehrere {Sruppen von) Erfindungen enthdlt,
namtich:

1. Anspriiche: 1-57

Luftfahrzeug mit einer Antriebseinrichtung besteshend aus
FligelbT&tter, die um eine Rotationsachse drehbar gelagert

sind, wobei deren jeweiliger Blattwinkel um eine P prde £1
Schwenkachse verstellbar ist, die zur Rotaticnsachse ist Pnrﬂliaﬂ

{Anspruch 1). Anordnungen und Details der — -
Antriebseinrichtun({en) (Anspriiche 2-57) E&ti-ﬂic~f“&‘

2. Anspriiche: 1, 58-62

Luftfahrzeug mit einer Antriebseinvichtung bestehend aus (
Fliigelbldtter, die um eime Rotationsachse drehbar gelagert

sind, wobei deren jeweiliger Blatiwinkel um eine (i)
Schwenkachse verstellbar ist, die zurjBotatfonsachse ist AL g
(Anspruch 1). Anordnung und Details von einer

ggdgg§einrichtung fiir Passagiere und Transport (Anspriiche




(41) FFFR2007-533528 (P2007-5335284)
INTERNATIONA RECHERCHENBERICHT - P
Angeben zu Verdifertlic n, die zuraslben Patantiamilie gehdren PCT/DE2004/@0252G|
anges Pamoament | Verdemicug ot Varsteriching
Us e6e7021 A 28-12-1999  KEINE
US 2037377 A 14-04-1936 US 1975098 A 62-10-1934
Us 2se7es7 A 16-05-1950 KENE
6 747172 A 28-03-1%56 KEIE
US 1761953 A 03-06-1930 KkemeE
Us szesser | A 30-11-1903 kel
DE 10107515 Al  05-09-2002 KENE
EP 1394030 A 03-03-2004 EP 1304039 AL 83-03-2004
US 4588148 A 13-06-1985 KEE -
Us 5375795 A 27-12-1%94 KkeNE
US 4860975 A 29-08-1989 KEINE
US 4235309 A 25-1i-1989 KEINE
US 5006336 A 25-05-1099 KENE

o ARy A A e e B A

Formblatl PCTASAIZ10 {Anhang Patentiamills) Llanuar 2004)




(42) F#2007-533528 (P2007-5335284)

(81yiEEE AP (BW, G, GM, KE, LS, MW, MZ,NA, SD, SL, SZ, TZ, UG, ZM, ZW) ,EA(AM, AZ, BY ,KG, KZ, MD, RU, TJ, M),
EP(AT, BE,BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,GB, GR, HU, IE, 1S, 1T, LU, MC,NL,, PL,PT, RO, SE, ST, SK, TR) , OA (BF,BJ, CF,
(G, CI,CM,GA,GN, GO, GW, ML, MR, NE, SN, TD, TG}, AE, AG, AL, AM, AT, AU, A7, BA, BB, BG, BR, BW,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DK,DM,DZ,EC,EE,EG,ES,FI,GB, GD, GE, GH,GM, HR, HU, ID, IL, IN, IS, JP,KE ,KG,KP,KR,KZ,LC,LK,LR, LS, LT, LU, LV, M
A, MD, MG, MK, MN, M, MX, MZ, NA, NI ,NO,NZ, OM, PG, PH, PL, PT, RO, RU, SC, 5D, SE, 5G, 5K, SL, 5Y, TJ, TM, TN, TR, TT, TZ, UA, UG

JUS,UZ,VC, VN, YU, ZA, ZM, ZW



a2 United States Patent

US006352219B1

(10) Patent No.: US 6,352,219 B1

Zelic 45) Date of Patent: Mar. §, 2002
(54) FLYING VEHICLE WITH LIFT 2,037,377 A * 4/1936 Gardner ........ccccouerene. 244/20
GENERATORS 2,092,052 A * 8/1937 Kirsten ....... ... 244720
2,736,514 A * 2/1956 Ross .......... 244723 C
(76) Inventor: Safedin Zelic, Evlijo Celebija BB. 2, %’25’833 2 * iﬁggz ‘];’iﬂiamsl ~~~~~~~ 24‘2%‘243/1(93
. 801, * ell’aquila ....
71000 Sarajevo (BA) 3038750 A * 2/1976 Bastide ......... . 244120
. . . . . 5,100,080 A * 3/1992 Servanty ........ .. 244/70
(*) Notice: Subject to any disclaimer, the term of this -
patent is extended or adjusted under 35 6,007,021 A 12/1999 Tsepenyuk ........ccccoceeee. 244/9
U.S.C. 154(b) by O days. FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 09/485,340 CA 750805  * 1/1967 244/12.2
GB 747172 *3/1956 i 244/20
(22) PCT Filed: Apr. 16, 1998 / /
(86) PCT No.: PCT/BA98/00001 ® cited by examiner
§ 371 Date: Apr. 6, 2000 Primary Examiner—Galen L. Barefoot

§ 102(e) Date: Apr. 6, 2000
(87) PCT Pub. No.: WO099/07601
PCT Pub. Date: Feb. 18, 1999

(30) Foreign Application Priority Data

Aug. 8, 1997  (BA) ceooivoeieeeieeeieeeeeeeeeeee e 97244A
(51 Int. CL7 oo B64C 29/00
(52) US. Cl oot 244/12.1
(58) Field of Search ............c.ccccceeeen. 244/12.1, 12.2,

244/12.3,12.4, 12.5, 23 R, 23 C, 73 R,
73 B, 73 C, 20, 70, 19, 48; 416/179

(56) References Cited
U.S. PATENT DOCUMENTS

416/179
244/48
244/19

1,360,182 A * 11/1920 Cortes
1,487,228 A * 3/1924 Garcia
1,820,919 A * 9/1931 Massey

(74) Attorney, Agent, or Firm—Rothwell, Figg, Ernst &
Manbeck

(57) ABSTRACT

An aircraft is provided including a fuselage with a drive
shaft in the fuselage, in which the drive shaft drives an
aerodynamic generator consisting of an aerodynamic rotor
which is attached to the shaft and an aerodynamic stator
which is attached to the fuselage over the rotor. A control
device which is responsive to control commands is attached
to the fuselage and has an actuator for controlling the
aerodynamic generator. The aerodynamic generator pro-
duces an aerodynamic force in response to the commands
whose intensity, direction and sense of direction can be
controlled through the control device, in which vertical
lifting and landing are achieved by orienting the direction
and sense of direction of the aerodynamic force vertically
with respect to the horizon plane.
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FLYING VEHICLE WITH LIFT
GENERATORS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is related to the field of aerotechnique,
aeromechanics and aerodynamics in general.

2. Description of the Related Art

The invention solves the problem of design of dynamic
aircraft which should take off and land vertically, have
possibility to soar in a big span of altitudes; intensity of
aerodynamic force can be changed independently on work
of engine; direction of aerodynamic force can be changed
and tied to fuselage of the aircraft or set free from fuselage
position.

Several kinds of aircraft that are heavier than air have
been invented so far, such as: glider, hang glider, gyro din,
convertoplan, colopter, airplane, and helicopter. However,
among all these flying bodies only airplane and helicopter
found use. But even these two aircraft have some major
defects which make impossible their mass use as individual,
family, private and cargo air means of transportation. Air-
plane’s basic defect is dependence on its takeoff power upon
translational speed of its motion. It is impossible for airplane
to go upwards and downwards vertically or to soar.

For take off and landing airplane needs special infrastruc-
tural installations on land which are very expensive and take
large area which can be find only in the outskirts of cities;
so individual and family use of this aircraft, as mass means
of transportation is out of question.

Great minimum speed of the airplane while flying takes
large wings' surface during takeoff and landing; which,
during greater speeds, becomes extra gravitational load and
extra unnecessary aerodynamic resistance. This large wings'
surface requires even extra strong point in fuselage of the
plane which becomes more massive and heavier. All that
gravitational load and increased streamlined resistance
require big thrust; which requires big quantity and consump-
tion of fuel, which causes larger wings' surface and so
negative characteristics appear differently. In this case thrust
intensity does not depend directly on translational motion of’
the aircraft like airplane but the way that helicopter produces
aerodynamic force is much more ineffective than the way
how wing of the airplane does it. Therefore, surface and
angle of attack of a rotor blade of a helicopter must be
increased which brings about increasing of aerodynamic
resistance which requires increase of-engine power and
increase of fuel consumption. This causes increase of gravi-
tational load which can be neutralized only by increasing of
rotor blades' surface. However, this increase on one hand is
limited by blade mass and it causes strong centrifugal load
and bigger aecrodynamic resistance; and on the other band, it
is limited by peak of rim speed which should not be faster
than speed of sound. If thrust coefficient of three blades is
also added to this, it comes to peak point of possible blade
surface increase on rotor of helicopter and to a total thrust
power. This all reflects negatively on possible peak gravi-
tational load and maximum translational speed which is
much lesser than translational speed of the airplane.

Design of helicopter is very complex beginning with
necessity for powerful engines which are mainly gas tur-
bines which take very complex power transfer and low-
range geared system. Very complex head of rotor undergoes
great centrifugal, aerodynamic, and inerted loads and blades'
production is great challenge in production system.
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For all this helicopter is expensive, uneconomical, and
complicated aircraft so it could not become mass means of
transportation.

BRIEF SUMMARY OF THE INVENTION

Aeromobil unites all positive characteristics of airplane
and helicopter along with some genuine characteristics
which neither has airplane nor helicopter nor any other
known aircraft. Aeromobil generates necessary thrust power
independently from its translational speed, so that its blade-
surface of rotor is used totally in each phase while flying
without any extra unneeded aerodynamic, centrifugal, and
gravitational loads. Thrust coefficient of its rotor blades is
five times bigger than thrust coefficient of airplane wings,
and even many times bigger than the thrust coefficient on
rotor blades of a helicopter. This makes possible reduce of
blades' surface on Aeromobil’s rotor which results also in
reducing of a total weight of the aircraft, which also has
positive effects on necessary thrust power and fuel consump-
tion.

Rotor blades in acrodynamic generators do not only have
big thrust coefficient but also low acrodynamic resistance-
coefficient for these blades during work do not produce
inductive aerodynamic resistance and practically they
always act as a wing of an endless wave that results in very
useful consequences: necessary engine power and fuel con-
sumption. Aeromobil can develop translational speeds like a
plane and this translational speed does not effect negatively
work of its aerodynamic generators; moreover, speed is used
as extra airstream in aerodynamic generators for produce of
aerodynamic force. Streamlined shape of the fuselage pro-
vides produce of lift force by itself during big translational
speeds and so all acrodynamic power of generator is directed
towards vector of lift force.

The aircraft has got great translational speed; its vertical
axis can take up any direction in the space while aircraft
soars; from every soaring position it can start translational
motion in any direction; translational speed of the aircraft
does not influence negatively work of its active aerodynamic
surfaces; it has favorable ratio of total weight of the aircraft
and useful load which is able to carry; control system that
makes possible using of all acrodynamic, maneuvering and
flying possibilities of the aircraft; control efficiency that does
not depend on translational speed of the aircraft; simple,
dependable, compact design of the aircraft; its production
takes no complex and costly technologies; it is economical
and generating of aerodynamic force demands no big fuel
consumption.

All control moments of this aircraft are completely inde-
pendent of translational speed which makes impossible for
aircraft to have equal control efficiency no matter which
translational speed or direction is in question.

Aeromobil is simple, dependable, effective and economi-
cal aircraft. Its production does not requires any special or
expensive technologies.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1. Laternal view to section of aecrodynamical gen-
erator with section of hydraulic cylinders for control of work
of generator.

FIG. 2. Aerodynamic generator with Control head and
drive shaft.

FIG. 3. Presentation of transformation of translational
speed at the entrance of stator into tangential speed at the
exit from stator in regard to way of rotor blade.
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FIG. 4. Rotor of aerodynamic generator together with
hydraulic Control head and drive shaft.

FIG. 5. Blade of rotor.
FIG. 6. Cross-section of rotor blade.

FIG. 7. Presents periodic change of angle of attack of
rotor blades in period of one rotation.

FIG. 8. Presents periodic change of angle of attack of
rotor blades in the state of produce of Lift and Propulsion’s
vector (P).

FIG. 9. Presents constant value of horizontal component
of Lift Vector.

FIG. 10. Control head of Lift Vector.

FIG. 11. Lateral section of hydraulic cylinders on control
head of aerodynamical generator.

FIG. 12. Aeromobil, family version
FIG. 13. Aeromobil, sports version.
FIG. 14. Basic parts of Aeromobil.

FIG. 15. Disposition of Lift vector in order of soaring or
vertical translational motion.

FIG. 16. Disposition of Lift vector and Thrust vector
within horizontal translational motion.

FIG. 17. Disposition of Thrust vector and Lift vector
during production of turn around axis z.

FIG. 18. Disposition of Lift vector during production of
turning moment around axis y.

FIG. 19. Disposition of Lift Vector during production of
turning moment around axis X.

FIG. 20. Steering controls of Aeromobil.
FIG. 21. Lateral section of Thrust Vector control.

FIGS. 22 and 23. Section of Distributor and hydraulics of
control direction, altitude and bylateral.

DETAILED DESCRIPTION OF THE
INVENTION

Aeromobil is dynamic flying machine. It produces nec-
essary force for lift, thrust and control moments, in aerody-
namic generators. Aerodynamic generator is compound of
two main parts, Aerodynamic Stator and Aerodynamic
Rotor.

Stator has function to transform translational air speed
(which occurs during translational motion of the aircraft)
into secondary rotating air speed, which has same direction
as well as primary rotating air speed of rotor. In that way,
total rotating air speed in generator during translational
motion is increased to value of secondary rotating speed
which is proportional to translational motion of the aircraft.

Stator is round aerodynamic grid consisted of aeroprofile
put parallelly in regard to drive shaft of rotor (FIG. 2).
Aeroprofiles of stator (10) are placed so that translational
and parallel air stream (which occurs at entrance in stator’s
aeroprofiles) is transformed into rotating air stream at the
exit of stator’s aeroprofiles. Output air speed has direction of
tangent line on circle orbit of blades of rotor. Front resis-
tance is lower and total aerodynamic force is positive or zero
by putting blades of stator in this way. To achieve this, it is
necessary to put two line of stator blades in the position of.
stator where lift is negative. It means upper-blades and
down-blades of stator are reciprocally opposite. Only the
part of stator which produces lift force has a line of blades
which are twice bigger proportionally than blades from
double line. Besides, it is necessary that rotor rotates in
direction of watch hand. Stator is immobile and attached to
fuselage of the aircraft.
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It is closed from lateral sides so that air can get inside
stator only through fissure among stator blades.

Rotor of acrodynamic generator is the most important part
of the acromobil (FIG. 4). Rotor generates necessary aero-
dynamic force for lift thrust and control moments. It is
consisted of Drive shaft (13), Blades' carriers 4), Blades'
guide (5), and Control head.

Drive shaft (13) is placed horizontally and goes through
center of rotor. This shaft has function to move rotor and in
the same time accepts all aerodynamic and gravitational
force of the aircraft.

Blades' carriers (4) have function to hold rotor blades (19)
and they are firmly attached to Drive shaft and they rotate
together with it. Guide (5) has function to guide guiding
shaft of rotor blades and give them necessary eccentricity. It
is not fixed with Drive shaft (13). It is connection between
Control head and blades of rotor (19).

Rotor blades (FIGS. 5-6) are streamlined bodies of sym-
metrical aeroprofiles with constant vertical section. They
have function to generate acrodynamic force necessary for
lift, thrust and control.

Two shafts placed parallelly with its front and back edge
are situated on them. These are Main shaft (8) and Guiding
shaft (2). Main shaft (8) goes through rotor blade center of
gravity and through center of aerodynamic lift which should
go along with blade center of gravity (19). This shaft takes
on all centrifugal and aerodynamic force from blade and
transmits them to carriers of blade (4).

Blades generate acrodynamic force in the way that Main
shaft (18) of rotor blade (19) rotates around Drive shaft and
Guided shaft (2) of blade (19) rotates around shaft of
Eccentric bearing (21).

In that way, blades are placed in necessary angle of attack
which is the biggest on that part of orbit were eccentricity of
Guided shaft (2) is the biggest (FIG. 7). Just on the same
place intensity of aerodynamic force is the biggest as well.
(This is intensity of its vertical component which presents
Lift vector.) Direction of this vector coincides with direction
of vector of eccentricity of Eccentric bearing (21) with
initial point in the center of Drive shaft (13). During turning
of this eccentricity or its increase, lift direction and its
turning are also increased (FIG. 8). All horizontal compo-
nents are cancelled mutually in the way that horizontal
component of aerodynamic force of blade (which is located
in the first quadrant of circle orbit) is cancelled by horizontal
component of neighbouring blade in second quadrant (FIG.
9). In any point of blade’s orbit these components have same
intensity and opposite direction. In the same way horizontal
component of aerodynamic force (which is located in third
and fourth quadrant of circle of orbit of rotor blade) are
cancelled.

Every rotor has four blades put symmetrically in regard to
Drive shaft (13), so that only one blade of rotor can be found
in every quadrant each moment. Forming of angle of attack
is done according to sinus law which provides constant
value of total sum of Lift vector of all four blades, no mater
in which point of circle orbit blades are found. Guided shaft
(2) has function to put blades in necessary angle of attack.
Also, this shaft transmits one lesser part of aerodynamic
force to Drive shaft (13) across Guide and Eccentric bearing
which is necessary for maintaining of lift direction indepen-
dent from position of the aircraft body which happens in
Extreme order of control.

Control head of rotor (FIG. 10) is consisted of one
Eccentric bearing (21), two Carriers of Eccentric bearing
(25), three hydraulic Cylinders for change of angle of attack



US 6,352,219 B1

5

(CCAA) of rotor blades, two hydraulic Cylinders for change
of lift direction (CCLD), Electromagnetic connection (32),
rotating hydraulic connection (33) and rotor carriers (23).

Eccentric bearing (21) has function to carry guide (5) and
gives it necessary eccentricity in relation to Drive shaft (13)
of rotor. It is connected with pistons of hydraulic CCAA
which can move up and down if necessary. During this, it
increases and reduces eccentricity of Eccentric bearing (21),
that is, increase and reduce of angle of attack of rotor blades
(19), which, in the end, causes increasing, reduce of total
aerodynamic force. This eccentricity can be as positive as
well as negative.

Hydraulic CCAA (FIG. 11) are: Cylinder of group change
of angle of attack (CGCAA) (20), Cylinder CMx (7) and
Cylinder CMy (9). Mutual position of these cylinders is
conditioned by function they do. Because of this, CGCAA is
put as a base for other two cylinders. Piston of this cylinder
(6) is connected to CMy (9) cylinder body. Piston of this
cylinder (36) is connected with Eccentric bearing (21) that
is, with Guide (5).

During work of piston in CGCAA(38), other two cylin-
ders are moved together with its pistons. It is further
transmitted to Eccentric bearing (21) i.e. to change angel of
attack of rotor blades (19) during work of piston in cylinder
CMx (7), translational motion of piston and cylinders CMy
(9) happens, and all this move Eccentric bearing (21) in
direction of cylinder’s piston CMx’s motion. In this case,
cylinder as well as piston CGCAA (20) are not moving.
During activation of cylinder CMy (9) only its piston moves
tighter with Eccentric bearing. During that time, piston
CGCAA and CMx (97) are still.

Function of hydraulic CGCAA (20) is to bring about
equal and simultaneous change of angle of attack of rotor
blades (19) on all four (or even more) acrodynamic genera-
tors (40). Cylinder CMx (7) has function to produce equal
but regarding to direction, opposite change of angle of attack
of lateral generators.

Cylinders CMy (9) have the same function, only their
effect is related to two front and two back generators.

Hydraulic cylinders for change of lift direction (CCLD)
are: Cylinder for group change of direction of lift (CGCDL)
(10) and cylinder CMz (12). These cylinders differ from
CCAA by the thing that their pistons circle during work i.e.
bring about rotation of object for which they are tied. These
cylinders are mutually placed in the way that activation of
piston in CGCDL brings about moving of cylinder and
piston CMz (12). During activation of Piston CMz (16),
motion of CGCDL does not happen because these two are
not connected physically. CGCDL (10) has function to turn
Eccentric bearing (21) around Drive shaft (13) and in this
way change direction of Eccentricity, which means that lift
direction has changed for the same angle value. These
cylinders move direction of lift simultaneously and in the
same direction on all four generators. Cylinders CMz (12)
do the same only their effect is pointed to lateral generators
so that angle of Thrust vector is equal on both sides of the
aircraft but has opposite direction.

Electromagnetic connection (32) is located between Pis-
ton of CMz (12) and Carrier of CGCDL. This connection has
function to separate these two bodies in order to stop
physical contact between Control head of rotor and aircraft
fuselage. This is necessary when the aircraft should be in
order of work and when lift direction of all generators
becomes independent from position of the aircraft.

Rotating hydraulic connection (33) is consisted of mobile
disk on which are located receptacles for hydraulic cylinders
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and connection body which is tightly tied to Carrier of
generator (31) and from which go receptacles to main
hydraulic distributors. This connection provides charge to
cylinder with oil under pressure in those conditions when
aircraft flies and it is necessary that lift direction is inde-
pendent from position of aircraft.

Carrier of aerodynamic generator (23) has function to
transmit all gravitational and aerodynamic loads from gen-
erator to fuselage of the aircraft. This is Bearing (13) through
which goes drive shaft (13) of rotor on it.

Basic concept of Aeromobil has four aerodynamic gen-
erators placed on angles of imagined rectangular base of
aireraft (FIG. 12). Depending on that whether this imagined
base goes through gravitational center, above, or below it,
the aircraft takes position of indifferent, labile and stable
balance, respectively. On FIG. 10, this base goes through
gravitational center and it is in position of indifferent bal-
ance.

Aeromobil’s fuselage has two basic shapes. One is family
or cargo, (FIG. 12.), and the other is sports version. Both
fuselages are designed so that their resistance force is lesser
as much as possible. This fuselage should produce aerody-
namic lift which provides increase of Thrust vector on
aerodynamic generators during certain translational speed.

That phenomenon is particularly expressed in family
model of the Aeromobil which is in fact acrodynamic profile
similar to wing of airplane. Controls and flying instruments,
motor group, fuel tanks and transmission are situated in it.
This fuselage (aerodynamic profile) could be. brought under
favorable angle of attack during translational speed of the
aircraft with the help of activation of hydraulic cylinders
CMy (9) i.e. bringing about My moment.

Thrust group (42) is situated in back part of the fuselage
(FIG. 14) and it is consisted of one or two engines or gas
turbines which start Main drive shaft (46) which again, by
transmission and conical gears, starts all four drive shafts of
rotor (13). Transmission is classic, it is simple, for -it
dermands little ratio of transmission. Pilot and space for
passengers are situated in the front part of the aircraft.
Controlling of the Aircraf

All necessary control moments are generated on rotors of
Aerodynamic generators of Acromobil (FIGS. 15-19). Each
Aecromobil has four aerodynamic generators placed on
angles of imagined rectangular base of the aircraft. By
increasing and reducing of total value of Lift vector on each
rotor or changing of its direction and course, it is possible to
produce necessary moments around all three space axles
initiating with center of gravity of the aircraft. This opposite-
proportional change of intensity and direction of Lift vector
on front two generators in relation to back two brings about
rotation around transverse axle y. This same change of
intensity and direction of Lift vector on right two generators
in relation to left generators brings about rotating moment
round longitudinal axle x of the aircraft.

Opposite proportional change of direction of Lift vector
on right in relation to left generators brings about rotating
around vertical axle z of the aircraft Change of intensity of
Lift vector of each Aerodynamic generator is done by
Cylinders of change of angle of attack (CCAA) which
increase or reduce eccentricity of Eccentric bearing. Eccen-
tricity is transmitted to Guiding shaft of blades which
changes angle of attack of blades that brings about change
of Lift vector.

Change of direction of Lift vector is done by Cylinders for
change of direction of lift (CCDL) which turns eccentricity
of Eccentric bearing in relation to Drive shaft and brings
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about turning of direction of Lift vector in the same direc-
tion. In that way Lift vector gets translational component
which is caused on all four generators in the same time and
gives thrust force to Aeromobil. This thrust force (Thrust
vector) is proportional to angle of turn of Eccentric bearing
and intensity of Lift vector. AU these control moments are
attained by specific hydraulic system of control.

This hydraulic system is consisted of cylinders which are
on each generator in number of five. These are: CGCAA
(20), Cylinder CMx (6), Cylinder CMy (9), Cylinder CMz
(12) and CGCLD (10). These cylinders are connected to
special hydraulic distributors by which work of cylinders is
controlled.

In this system there are four distributors by which all
acrodynamic forces on aeromobil are controlled (FIG. 20).
Those distributors are: Distributor of group change of angle
of attack of rotor blades (47), Distributor of thrust vector
(49), and Distributor of break vector (50).

Distributor of group change of angle of attack (47) has
function to activate cylinders CGCAA (20) on all four
generators simultaneously and equally. In this way, CGCAA
causes change of angle of attack of blade (19) on all four
generators. This brings about equal increase of lift on all four
rotors. By this distributor, pilot controls with his right hand,
and there is gas handle on its lever, so that work of engine
and total value of lift can be controlled simultaneously by
the right hand in the same time.

Its design is identical to design of Distributor of thrust
vector (49), with the only difference that it is handle, not a
foot pedal. Distributor of thrust vector (FIG. 21) has func-
tion to activate cylinders CGCLD (10) simultancously and
equally on all four generators and brings about turn of
eccentric bearing around thrust shaft which has equal turn of
direction of lift on all generators as its consequence. This
gives thrust vector to the aircraft, which coincides with its
vertical axle and gives to the aircraft horizontal translational
speed.

This distributor is consisted of Chamber of high pressure
tl (54), Chamber of low pressure tl (53), Conductor of high
pressure tl (77), Hydraulic connection for CGCLD (55),
Pedal axle (56), Receptacle of low pressure tl (57), Carrier
tl (58), Border tl (59), and Spring padel (60). Distributor
functions in a way that oil (under pressure) gets into cylin-
drical Chamber of high pressure tl (54) through axle (56)
which goes through center of that chamber. By pressing on
lever (51) this chamber (together with Conductor of high
pressure tl (77) and Breeches tl (2), turns itself around axle
(56), opens hydraulic coupling for CGCLD (55). Upper
coupling is connected to Conductor of high pressure t1 (77)
through which oil is sent to CGCLD (10). From the other
side of piston of that cylinder oil comes back to Chamber of
low pressure tl (53) and through Connection of low pressure
tl (57) goes to oil tank. By ceasing of effect of force on pedal
under effects of spring, Chamber of high pressure, tl together
with Conductor tl (77) and Breeches, gets to previous
position in which Hydraulic connections for CGCDL (55)
are closed, which provides the piston to preserve attained
position and Lift vector by itself.

Distributor for Brake vector (50) has function to annul
Thrust vector and gives it opposite direction which it has in
progressive translational motion ahead. Result of that is
occurrence of negative thrust which put aircraft in soaring
position, and according to wish, the aircraft can get into
progressive motion backwards.

Distributor for control of direction, altitude and laterally
(FIG. 22) has function to provide to the pilot setting of the
aircraft in any position in space whether it is in order of
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soaring or translational motion in any direction. Distributor
is consisted of: Chamber of high pressure (63), Chamber of
Low pressure (70), Joint ball (71), Conductor of high
pressure (64), Distributor cap for Cylinders CMz (65),
Breech (68), Hydraulic connection for CMx (74), CMy
(671, CMz (62), and Control lever (61). During effect on
Control lever (61), which has two handles (for left and right
hand), starts rotating of Chamber of high pressure (63)
around Joint ball (71). During that conductor of high pres-
sure (64) is connected to Hydraulic connection, which
conditions pass of oil under pressure to hydraulic cylinder
on Control head of Aerodynamic generator with simulta-
neous coming out of oil, on the other side of cylinder’s
piston into Chamber of Low pressure (70) and from this over
to Connection of low pressure (75) and into oil tank. Oil
comes from oil tank into Chamber of high pressure (63),
over oil pump, Connection of High pressure (72), Carrier
(73), Joint ball (71), respectively, and through Stopper (69)
gets into Chamber of low pressure (63). In this place wall of
Chamber of low pressure (70) keeps it, until lever of control
and connection of conductor of High pressure (64) affects
hydraulic connections.

During effect on lever of control (61) forward there is
rotating of Chamber of high pressure (63) around lateral
Stopper (69) and connecting of Conductor of high pressure
(64) with Hydraulic connections CMy (67) which are situ-
ated on the outside of the wall of Chamber of law pressure
(70). In that moment there is connecting of conductor (64)
on the lower Hydraulic connections CMy (67), and from
back outside of this distributor there is connection with
upper Connection CMy. This brings about moving of the
piston in Cylinders CMy (9) so that pistons in front two
generators go down and reduce angle of attack of blades i.e.
lift until pistons in two back Generators go up and increase
angle of attack of rotor blades i.e. lift. This control brings
about occurrence which results in turning of the aircraft
around transverse axle. Bringing of lever (61) into initial
position there are turning off and ceasing of turning of the
aircraft around this axle for immediate putting in the same
level of the pressure on the both side of Piston of CMy. This
makes possible for springs, which are situated in cylinders,
to get piston back to the initial position which leads to
putting on the same level of lift on all four aerodynamic
generators.

During effect on lever (61) in opposite direction, there is
occurrence of the same but in opposite direction. This turns
itself off by bringing Lever (61) into neutral position. If
Lever for control (61) moves itself right, there is connecting
of lateral Conductors of high pressure on lower Hydraulic
connections CMx (74), which is situated on the. right side of
the wall of Chamber of low pressure (70) and there is
connection of upper coupling on the left side, too. By this,
oil gets into CMx (7) on Control head of generators in the
way that pistons in CMx (7), on the left side, go up and
increase angle of attack of blades i.e. Lift vector on the left
side of the aircraft but Lift vector is reduced for the same
value on generators on the right side of the aircraft. This
brings about occurrence of lateral moment which turns the
aircraft around longitudinal axle of the aircraft. Bringing the
lever back into neutral position this turns itself off.

During bringing of lever into opposite side, there is turn
of the aircraft into opposite direction. If Lever of control
(61) turns itself around vertical axle which goes through
poles of Chamber of high pressure (63), there is connecting
of Hydraulic Coupling CMz (62); which is situated on
Distributor cap (65); with Conductor of high pressure. This
provides pass of oil from Chamber of high pressure (63) into
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Cylinders CMz (12) on Control head of rotor. That causes
turning of pistons of Cylinder CMz (12) around Drive shaft
(13) of rotor which brings about turn of Lift vector. This also
brings about occurrence of Lift vector which is according to
intensity equal on right as well as on left generators, but their
direction is opposite. This process turns the aircraft around
vertical axle z. Direction of turn of the aircraft is equal to
direction of turn of Lever of control. By bringing of this
lever into neutral position there is putting of pressure on both
sides of piston of cylinders CMZ (12) on the initial level.
Under effect of springs (39) which are on both sides of
pistons within these cylinders there is bringing of lift of
direction to initial position. By this, provoked coupling is off
and turning of the aircraft around vertical axle is ceased.

Total scheme of hydraulic control system of acromobil is
presented on (FIG. 23). All controls of acromobil are inde-
pendent from each other so they can be switched on indi-
vidually or all in the same time but their effect will be totally
preserved and independent. It means that Aeromobil can
turn simultaneously around all three space axles and it can
go up and move translationally in any direction.

Aeromobil has two orders of control: Optimal order of
control and Extreme order of control.

Optimal order of control is condition of control when
direction of force of lift of acrodynamic generators is tied to
position of the aircraft in space (it means that if the aircraft
turns itself into any direction i.e. around any of its space
axles), for the same angle and into same direction is direc-
tion of lift force turned. However, in order of extreme
control direction of lift force is not tied to position of the
aircraft in space; therefore, in this condition, control of the
aircraft can be turned and even rotated around its transverse
axle y. And during this, lift direction of the aircraft will stay
the same as in the moment when the aircraft gets into this
order of control. It means that the aircraft (if it was in the,
soaring position on constant height) in the moment before
getting into Extreme order, preserves that soaring state
(condition ) and the height, and if it turns itself for 180
degrees, it is turned itself totally upside down. This order
makes possible for the aircraft that its vertical axle x can take
any direction in space, and in the same time, the aircraft
soars and changes height. Aeromobil can also have transla-
tional speed in direction of its cross (transversal) axle y.
During this motion it can turn itself or even rotate for full
circle around its cross axle X; and during motion of the
aircraft neither height nor direction is changed.

Extreme order of control is activated by pressing electric
switch (78) which is located in the top of lever of Distributor
of control to direction, height and laterally (48).

By pressing this button electromagnetic coupling is acti-
vated (32) which 20 separates hydraulic cylinders CGCAA
(20) from hydraulic cylinders CGCLD (10). That separates
physically cylinders of angle of attack, together with Eccen-
tric bearing (21), and Guide (5), Eccentric bearing (21),
Hydraulic cylinders COCLD (20), and in this way transmits
grip of this vector to center of Drive shaft (13) which
direction is identical with direction of lift vector. In this way,
lesser part of aerodynamic force is transmitted to Drive shaft
(13) not only over Main axle of blade (18) and carrier of
blades (4) but over Guide axle of blade (2), Guide (5) and
Hydraulic cylinders CGCAA (20). So aerodynamic force of
rotor blades (19) maintains direction of aerodynamic force.
As fuselage of the aircraft is separated from cylinders
CGCAA (20), Eccentric bearing (21), and Guide (5); it
provides to Eccentric bearing (21) to maintain direction of
its eccentricity regarding Drive shaft (13) although fuselage
itself turns around that axle.
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In Extreme order of control of acromobil, only cylinders
of change of angle of attack (Cylinder CGCAA (20), Cyl-
inder CMx (7), and Cylinder CMy (9)) are active, until
cylinders of change of direction of lift (Cylinder CMz (12),
and Cylinder (10)) are excluded (switched off), for their
work in that order have no sense. By repeated press on
switch (78) of Extreme order, effect of electromagnet on
electromagnetic coupling (32) stoops, and under influence of
springs there is connecting of Cylinders of change of angle
of attack with cylinders of lift-direction-change so that
aircraft gets into optimal order of control.

In FIG. 1 is shown a Lateral view to section of aerody-
namical generator with section of hydraulic cylinders for
control of work of generator 5 including a (1. Stator blades,
2. Guiding shaft, 3. Crevice for guiding , 4. Girder of blades,
5. Guide, 6. Piston of cylinder CMx, 7. Cylinder Cmx, 8.
Hydraulic links, 9. Cylinder Cmy, 10. Cylinder CGCLD, 11.
Cylinder piston CGCLD, 12. Cylinder CMz, 13. Drive shaft,
14. Counterweight, 15. Ball bearing, 16. Piston of cylinder
CMz, 18. Main shaft, 19. Rotor blade, 20. Cylinder
CGCAA, 21. Eccentric bearing)

In FIG. 3 is shown a Presentation of transformation of
translational speed at the entrance of stator into tangential
speed at the exit from stator in regard to way of rotor blade.
(Translational speed of aircraft).

In FIG. 4 is shown a Rotor of aerodynamic generator
together with hydraulic Control head and drive shaft.

In FIG. 5 is shown a Blade of rotor including a (26.
Guiding shaft bearer, 27. Blade body).

In FIG. 6 is shown a Cross-section of rotor blade.

In FIG. 7 is shown a periodic change of angle of attack of
rotor blades in period of one rotation including a (Lift vector
(L), Aerodynamical resistance force (Rx), Drive shaft center
(0p), Center of Eccentric bearer (0¢), Main shaft center (Og,
Guiding shaft center (Ov).

In FIG. 8 is shown a periodic change of angel of attack of
rotor blades in the state of produce of Lift and Propulsion’s
vector (P).

In FIG. 9 is shown a constant value of horizontal com-
ponent of Lift Vector. (N) Horizontal component of Lift
Vector. (Lr) Radial component of Lift Vector.

In FIG. 10 is shown a Control head of Lift Vector
including a (28. Cylinders' carrier, 29. Cylinder carrier
CGCLD, 30. Cylinder’s carrier Cmz, 31. Carrier of rotating
hydraulic link, 32. Electromagnetic link, 33. Rotating
hydraulic link, 34. Drive shaft bearing, 35. Cylinder piston
CMz)

In FIG. 11 is shown a Lateral section of hydraulic
cylinders on control head of aerodynamical generator
including a (36). Piston of cylinder CMy, 37. Spring, 38.
Piston of cylinder PNU, 39. Spring for piston CMz)

In FIG. 12 is shown a Aeromobil, family version

In FIG. 13 is shown a Aeromobil, sports version.

In FIG. 14 are shown the Basic parts of Aeromobil
including (Aerodynamic generator, 41. Fuel tank, 42.
Engine group, 43. Seats, 44. Rotor of aerodynamical
generator, 45. Stator of aerodynamical generator, 46. Main
drive shaft)

In FIG. 15 is shown a Disposition of Lift vector in order
of soaring or vertical translational motion.

In FIG. 16 is shown a Disposition of Lift vector and
Thrust vector within horizontal translational motion.

In FIG. 17 is shown a Disposition of Thrust vector and
Lift vector during production of turn around axis z.

In FIG. 18 is shown a Disposition of Lift vector during
production of turning moment around axis y.

In FIG. 19 is shown a Disposition of Lift Vector during
production of turning moment around axis X.
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In FIG. 20 is shown the Steering controls of Aeromobil
including (47. Distributor for group change of angle of
attack, 48. Distributor for control of direction, altitude and
laterally, 49. Thrust Vector pedal, 50. Brake Vector pedal.

In FIG. 21 is shown the Lateral section of Thrust Vector
control including (51. Pedal, 53. Low pressure chamber tl.
54. High pressure chamber tl., 55. Hydraulic connection for
CGCLD, 56. Pedal axle, 57. Low pressure connection tl., 58.
Carrier tl. 59. Stopper tl, 60. High pressure chamber body).

In FIGS. 22 and 23 is shown the Section of Distributor of
control direction, altitude and by lateral including (61.
Lever, 62. Hydraulic connection for CMz, 63. High pressure
chamber, 64. High pressure conductor, 65. Distributor cap
for cylinders CMz, 66. Low pressure chamber body dl, 67.
Hydraulic connection for CMy, 68. Breech, 69. Stopper, 70.
Low pressure chamber, 71. Joint bowl, 72. High pressure
connection, 73. Carrier, 74. Hydraulic connection for CMz
75. Low pressure connection, 76. Shaft of distributor cap
CMz).

What is claimed is:

1. An aircraft comprised of:

a fuselage;

a drive shaft rotatably disposed in said fuselage, said drive
shaft having an end;

an aerodynamic generator disposed around said end of
said shaft consisting of an acrodynamic rotor attached
to said end of said shaft; and

an aerodynamic stator fixed to said fuselage over said
rotor;

a control device fixedly attached to said fuselage;
said control device having an actuator;

said control device controlling said aerodynamic genera-
tor with said actuator;

said control device being responsive to a plurality of
commands;

wherein said aerodynamic generator produces an aerody-
namic force in response to one of said commands
whose intensity, direction and sense of direction can be
controlled through said control device;

wherein vertical lifting and landing are achieved by
orienting the direction and sense of direction of the
aerodynamic force vertically in respect to the horizon
plane;

wherein said aerodynamic rotor further comprises a blade
carrier fixedly attached to said shaft end;

four aeroprofiles disposed symmetrically about said shaft
on said blade carrier, said aeroprofiles having a Main
Axis and a Guided Axis;

said control device including an eccentric bearing having
an eccentric axis;

a guide linkably connecting said eccentric bearing and
said guided axis of said aeroprofile;

wherein the aeroprofiles are rotatably connected to said
blade carrier about the Main Axis of the aeroprofile;

said aeroprofiles rotating around the Drive Shaft and
oscillating in circles around the main axis of the
aeroprofile wherein the Eccentric Bearing can be trans-
lated with respect to the Drive Shaft and can rotate
around a center of Drive Shaft from 0 to 360°;

wherein translating the center of the Eccentric Bearing
with respect to the Drive Shaft provokes an eccentricity
of the Eccentric Bearing which is then transmitted by
the Guide-bar to the Guided Axis on the rotor
aeroprofiles, causing rotation of the aeroprofile around
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the Main Axis for the angle of attack proportional to the

eccentricity of the Guide-bar and which in one full

revolution changes as function of a sinus of an angle of

the aeroprofile with respect to a center of Drive Shaft.
2. An aircraft comprising:

a fuselage;

a drive shaft rotatably disposed in said fuselage, said drive
shaft having an end;

an aerodynamic rotor attached to said end of said shaft;

wherein said aerodynamic rotor comprises a blade carrier
fixedly attached to said shaft end and four aeroprofiles
disposed symmetrically about said drive shaft on said
blade carrier, said aeroprofiles having a main axle and
guided axle and being connected to said blade carrier
for rotation around the main axle;

a control device being responsive to a plurality of
commands, said control device being fixedly attached
to said fuselage and including an eccentric bearing and
said guided axle of said aeroprofile;

wherein said aeroprofiles rotate around said drive shaft
and oscillate in circles around said main axle of the
aeroprofile, and said eccentric bearing can be translated
with respect to said drive shaft and can rotate around a
center of said drive shaft from 0 to 360 degrees;

wherein translating the center of the eccentric bearing
with respect to the drive shaft involves an eccentricity
of said eccentric bearing which is then transmitted by
a guide-bar to said guided axle of said aeroprofiles,
thereby causing rotation of said aeroprofile around said
main axle for changing an angle of attack proportional
to said eccentricity, said angle of attack changing
during one full revolution as a function of a sinus of an
angle of said aeroprofile with respect to a center of said
drive shaft, whereby said aerodynamic rotor produces
an aerodynamic force in response to one of said com-
mands whose intensity, direction and sense of direction
can be controlled through said control device;

wherein vertical lifting and landing of said aircraft are
achieved by manipulating the translation of the center
of the eccentric bearing with respect to said drive shaft
and orienting the eccentricity of the eccentric bearing,
on all four rotors, vertically in respect to the horizontal
plane;

wherein horizontal flight of said aircraft is achieved by
orienting the eccentricity of said eccentric bearing, on
all four rotors, under certain angle in respect to the
horizon, and depending on whether the angle of rota-
tion is in respect to the front or back part of the aircraft
horizontal flight forward or backward, respectively, is
obtained;

wherein rotation of said aircraft around pitch axis is
obtained by opposite changing the eccentricity of said
eccentric bearing on two front-side rotors with respect
to two back-side rotors in a way that if the eccentricity
on front-side rotors is increased, the eccentricity on
back-side rotors is decreased for the same value;

wherein rotation of said aircraft around roll axis is
obtained by opposite changing the eccentricity of the
eccentric bearing on two left-side rotors in respect to
two right-side rotors in a way that if the eccentricity of
the eccentric bearing on left-side rotors is increased, the
eccentricity of the eccentric bearing on right-side rotors
is decreased for the same value;

wherein rotation of said aircraft around vertical axis is
obtained by opposite rotating the eccentricity of the



US 6,352,219 B1

13 14
eccentric bearing on two left-side rotors in respect to wherein all commands of the said aircraft are independent
two right-side rotors in a way that if the rotation of the one from another and can be applied one by one
eccentricity of the eccentric bearing on left-side rotors individually or all of them simultaneously, without
changes for a certain angle towards front part of the changing the sense of any of them; no matter in which
aircraft and on the left-side rotors towards back part of 5 position and speed the aircraft is.

the aircraft or the opposite, the rotation leftward or
rightward, respectively, will be obtained; % ok x ok
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We, NirorAus LAING, of Albrecht-Diirer-
Weg 14, Stuttgart-N., Germany, and BRUNO
Ecg, of Geissbergstrasse 24, Koln-Pletcenberg,
Germany, both of German nationality, do
hereby declare the invention, for which we
pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and
by the following statement:—

This invention relates to airoraft,

Aircraft have hitherto normally been
powered by motor-driven axial flow fans,
whether unducted or ducted,

The present invention provides an aircraft
where at least a part of the vertica] and/or
borizontal thrust required in flight is pro-
vided by air wjected by one or more motor
driven blowers each comprising a bladed
cylindrical rotor and means to guide air twice
through the blades of the rotor in a direction
always transverse to the rotor axis, said votor
and guide means being such as to stabilize in
operation @ cylindrical vortex eccentric to the
rotor axis whereby to guide air through the
rotor in a curved path, the flow tubes with
the highest wvelocity traversing the blades
where they have a velocity component oppo-
site to the main direction of flow through the
Totor.

In the following, preferred forms of blower
will first be described : after this various drive
means will be discussed and thereafter various
aircraft will be mentioned dncorporating the
preferred: blowers and drive means. .

The invention will now be described with
reference to the accompanying diagrammatic
drawings, in which:—

Figure 1 shows the flow of air through a
blower which can be wused with airoraft
according to the inventions;

Figure 2 shows an idea] relation of vortex
to cotor in a blower according to the inven-
tion;

Figure 3 dis a vector diagram showing air

[Price 4s.6d.]

velocity at the inner and outer edges of a
blade of the rotor;

Figure 4 shows in cross-section a rotor
blade construction for increasing turbulence;

Figure 5 shows a combination of rotor and
guide means in which the guide means are
contained within the rotor;

Figure 6 is a diagram showing the shaft
power and the efficiency of the blower plotted
against the flow coefficient;

Figure 7 is a front view of a rotor showing
means for supporting the blades;

Figure 8 shows two rotors coupled to one
drive means;

Figures 9 and 10 show in front and end
elevation respectively, a rotor arranged to be
driven by a gas stream from, for example, the
exhaust of a gas turbine;

Figures 11 and 12 show another arrange-
ment for driving a rotor, in which the rotor
carries axial-flow turbine blades;

Figures 13 and 14 show still another
arrangement for driving the rotor by turbinz
blades associated therewith;

Figure 15 shows in section a double rotor
blower according to the invention;

Figure 16 shows in section another double
rotor blower;

Figures 17 and 18 show respectively a front
view and a part end view in section of a thrust
unit suitable for use in an aeroplane or a
helicopter;

Figure 19 is a top plan view of a high-
speed aircraft according to the invention,
showing the arrangement of blowers to pro-
vide thrust, a central part of the figure being
a wertical transverse section;

Figures 20, 21 and 22 are respectively a
plan, an end elevation, and a side elevation
of a vertical lift aircraft, and show the arrange-
ment of blower therein, Figures 20 and 21
showing some parts cut away;

Figures 23, 24 and 25 age three views simi-
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lar to Figures 20 to 22 of another vertical lift
vehicle aircraft in operative conditions;

Figures 26, 27 and 28 show ghe aircraft of
Figures 23 to 25 with blowers folded to un-
opsrative condition for use of the aircraft as
a road vehicle;

Figure 29 is 2 diagram showing how folding

takes place in the aircraft of Figures 23 to
28;
Figures 30 and 31 show a modification of
the wvertical lift vehicles shown in Figures 23
to 29, Figure 30 being a front view section
and: Figure 31 a partial transverse section;

Figures 32 and 33 show an amdngement
for long mange aircraft or rocket, Figure 32
being 2 partial longitudinal vertical section
and Figure 33 a partial transverse section;

Figures 34 and 35 are respsctively a side
glevation and @ partial plan of a blower
arrangement for a piston-engined light aero-
plane, parts of both figures being shown cut
away;

Figures 36, 37 and 38 are mespectively par-
tial side, plan, and end views of a glider
with euxiliary power, and

Figures 39 and 40 show respectively a
partial plan and side view of an acroplane
according to the invention with builtin
COTOrS.

Referring to Figure 1, the blower ther
diagrammatically shown comprises a drum-
shaped wotor designated generally 1 having its
interior entirely clear of obstruction, which
rotor is mounted, by means not shown, for
rotation about the axis of the dmm and
driven at a predetermined speed in the direc-
t'on of the arrow 2, also by means not shown.
The totor 1 is provided with bladss 3 extend-
ing longitudinally and having dnner and outer
edges 4, 5 lying on inner and outer cylindrical
envelopes indicated at 6, 7. The blades
are concave facing in the direction of rota-
tiom, and have their cuter edges leading their
inner edges.

Guide means are provided adjacent the
rotor 1. This guide means comprises a guids
body 9 extending the length of the rotor.
The guide body 9 divides the suction Tegion
S from the pressure region P; that part of the
body 9 which is chisfly effective to influence
flow through the motor 1, being the wall por-
tion 9a, lies spaced from the motor by more
than one thind of the rotor blade depth, is
gently ourved and convex to the rotor, and ex-
tends over only 2 very small arc thereof; (in
fact it subtends at the axis of the rotor an
arc of dess than 20°).

The ends of the blower are closed -off by
walls, not shown. .

In operation of the Figure 1 blower z
Rankine vortex is set up, the core of which is
eccentric to the rotor axis, and indicated
by the flow lines shown chain dotted at V;
the whole throughput flow twice through the
rotor blades 3 in & direction always perpen-

dicular to the rotor axis as indicated in general
direction only by the chain dotted flow lines
F. Figure 2 shows the distribution of velocity
in the vortex, The chain dotted line 21 re-
presents & radius of the rotor taken through
the axis 22 of the vortex core V. Velocity of
fluid at points on the line 21 by reason of the
vortex is indicated by the horizontal lines
23a, 23b etc., the length of each line 234, 230
etc. being a measure of the velocity at the
point 23d', 23b' etc. wespectively. The en-
velope of these lines is shown by the curve
24, which has two portions, one 24a approxi-
mately a rectangular hyparbola and the other,
24b, a straight line, The curve 24a relates
tor the field region of the vortex and the curve
24b to the core: it will be understood that
the curves ave those of an ideal or “mathe-
matical * Rankine vortex and actual flow con-
ditions will only approximate to these curves.

The core of the vortex is a2 whirling mass of
air with: no translational movement as a whele,
and velocity diminishes going from the peri-
phery of the core to its axis 22, The core V
intersects the inner blade envelope. The vortex
core V is a region of low pressure, and the
location: of the core can be discovered by in-
yestigation of pressure distribution within the
rotor. Although for convenience the vortex
core V have been shown ciroular and has
been regarded as possessing an axis, the core
will usually not be truly circular,

The velocity profile of the fluid at the
seeond entrance thereof to the rotor blades
will be that of the vortex. In the ideal case
of Figure 2 this profile will be that of the
Rankine wortex there shown by curves 24aq,
24b: in an actual case the profile will still
have the general character of a Rankine vor-
tex, Thus there will be in the region of
the periphery of the core V a flow tube of
high velocity indicated at MF in Figure 1
by the heavier chain dots while the flow tubes
remote from the periphery of the core will
have a very much smaller velocity.

It will be appreciated that much the greater
amount of air flows in the flow tubes in the
region of maximum velocity. With a given
construction: the physical location of the flow
tubz MF is fairly closely defined. Therefore
in the restrioted zone of the cotor blades 3
through which this flow tubs MF passes, the
relative velocity between blades and fluid is
much higher than it would be in a flow
machine which, following the principles ad-
hered to hitherto in the art, was designed
for a rectangular velocity profile and uniform
loading of the blades in the zones thereof
where fluid passes.

In the restricted blade zones through which
the flow tube MF passes there will be much
less separation and energy loss than if that
tube flowed at the average velocity of through-
put taken over the whole area of the zone
of the blades through which fluid can pass,
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that is, transfer of momentum to the fluid
occurs under excellent conditions. The transfer
of momentum in the flow tubes wravelling
below the average velocity will be poorer, but
on balance there is a substantial gain. It will
be seen that ideally the maximum velocity flow
tube MF undengoes a change of direction of
about 180° in passing through the interior of
the rotor. Including the traversals of the
blades the change of direction will then ex-
ceed 180°. It ds particularly to be noted that
the major part of the throughput (represented
by the flow tube MF) passes through the
votor blades where they have a componeat of
velocity in a direction opposite to the main
direction of flow within the rotor.

A wector diagram is shown in Figure 3 for
the velocities atr the points 34 and 35 where
the maximum velocity flow tube MF inter-
sects inner and outer envelopes 6, 7 of the
blades 3. In ¢the diagram Vy, is the peripheral
velocity of the inner edge of the blade 3
at the point 34, V,, at the absolute velocity of
the sir in the flow tube MF at the point 34,
and Ve, the velocity of that air relative to
the blade as found by completing the tri-
angle. The direction of the vector Vg coin-
cides with that of the blade at its inmer edge
and fluid enters the blade withour shock.
Similarly, Vi, Va, and Vi, nespectively repre-
sent the peripheral velocity, the absolute velo-
city of the air, and the velocity of the air
relative to the blade, at the point 35 on the
outer edge of blade 3. It is considered that
the blade angles and blade curvature deter-
mine the character of the vortex while the
position of the vortex core is determined by
means of the guide body (the body being in
the example of Figure 1 designated 9, and
that part of it chiefly of influence on the
vortex being shown at 9a4). It is considered
that in a given case the particular blade angles
and blade curvature, depend on the following
parameters among others: the diameter of the
blades, the depth of a blade in radial direction,
the density and viscosity of the fluid, the dis-
position of the external guide body and the
rotational speed of the rotor, as well as on
the ratio between overall pressure and back
pressune, These parameters must be adapted
to correspond to the operating conditions rul-
ing in a given case. In order to put the
invention into practice in a given case quite
definite blade angle and shape have to be
adopted: this means not only the curvature
of a blade of uniform: thickness, but also the
curvature of the contours of profiled blades.
Whether or not the angle and shape of the
blades have been fixed at optimum values is
to be judged by the criterion that the flow
tubes close to the vortex core should be de-
flected by approximately 180°.

Figure 4 shows a rotor blade construction
that can be used in a flow machine according
to the invention where it is desired to in-
crease the turbulence of the boundary layer
flowing over the blades. The blades 40 illus-
trated in Figure 4 have thickened inner edges
41 which, besides increasing turbulence, re-
duce the shock at entry to the blades of the
lower-velocity flow tubes. Further increase
of turbulence can be obtained by flutings
42 as shown at the inner edge of one of the
blades 40.

Figure 5 shows another combimation of
rotor and guide means: the rotor 1 is similar
to that of Figure 1 and will not need further
description. The reference mumerals used in,
connection with the cotor have the same sig-
nificance as in Figure 1. Unlike the sotor and
guide body combinationr of Figure 1 where
the rotor has its interior completely unob-
structed and the guide means are outside it, in
this instance the guide means are entirely
contained within the rotor. These guide
means comprise four spaced aerofoil guide
bodies 50, 51, 52 and 53 located stationary
within the rotor 1 and extending with con-
stant cross-section: over its whole length: of
these guide bodies 50—53, the first thrmee
designated 50, 51 and 52, have the median
lines 50%, 51' and 52' of their cross-section
forming smooth curves which are without
point of inflection,  Supplementary guide
bodies 54, 55 and 56 of thin sheet material,
also extending the lemgth of the rotor and
forming im section smooth uninflected curves,
are mounted at the downstream side of the
fiow channels between the guide bodies 50—
53, ome supplementary guide body in each
channel. Control flaps are mounted within the
rotor 1 with their axes lying in a common
plane and ingersecting the motor axis. In the
section illustrated three flaps are shown at
57a, 57b and 57c, one for each of the three
channels defined between the guide bodies
50—53, which are rotatable in the manmner
of butterfly valves about a common axis 58
The flaps can be set to produce negiligible
obstruction. to through-flow, or to prevent
flow altogether, or to intermediate positions.

It will be appreciated that the vortex core
V formed about the guide body 53 of Figure
5 has the same sort of flow-guiding-effect as
the vortex core V of Figure 1, in that fluid
circulates around this body through the rotor
blades, a vortex forms, and a velocity profile
baving the character of that of a Rankine vor-
tex is imposed on the fluid at its second en-
trance to the rotor blades,

In Figure 6 n and N, are represented as
ordinates and ¢ as abscissae, These symbols
are defined as follows:—

energy added to the throughput

shaft power taken by blower
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N, =shaft power taken by blower
throughpur per unit time

effective surface of rotor X peripheral speed of rotor

(As will be understood, 7 ds efficiency and ¢
is a dimensionless number representative of
the throughput per unit time).

The 7/¢ and N /¢ curves shown. in Figure
6 relate to a blower as described with refer-
ence to Figures 1 to 4.

The fisst main point of interest ds that as
throughput is throttled to zero, so the power
taken diminishes to nearly zero: this contrasts
with axial flow blowers where throttling does
not substantially veduce, and may even in-
crease, the power taken.

The second main point of interest dis the
flat top of the 9/¢ curve showing a wide work-
ing range between the points A, B.

The degree of throttling in a blower as
shown: in Figures 1 ¢o 4 can readily be varied
by modification of the vortex. For this pur-
pose the core region V can be displaced: alter-
matively, or in addition, it can be expanded.
Where a guide wall is placed opposite the
guide body 9, as in numerous embodiments
Tater described, throttling can be modified by
moving this wall towards or away from the
guide body. Various ways of modifying the
vortex are described in the specification of
the copending Application No. 20871/57
(Serial No. 876,611} which should be referred
10,

By varying the throttling the blower can
be adapted to the varfation of the coeficient 7
which diminishes with increasing altitude,
without any change in the speed of the
blower.

The efficiency of the above described blower
is lower than that of large airsorews, and ds
approximately equal ¢o that of small air-
screws. The reason for this is that the comre-
lation of the vectors described by reference to
Figure 3 with the flow lines of the vortex
field can be an optimum only within 2 narfow
entry and exit tegion and although this
accounts for the major part of the flow it
does oot account for all of it, .

Figure 7 illustrates one method of securing
and stiffening the blades 3 of a cross-flow
blower ¢.g. that of Figure 1. Discs or rings
70 are spaced axially along the rotor and
the blades 3 are secured to the discs or cings.
When desirable, discs and rings may be used
alternately. . .

The Figure 8 arrangemsnt cOMPrises a pair
of rotors 81, 82 each similar in construction
to the rotor shown in Figure 7. Drive means
for the rotors 81, 82 is shown at 83 and may
b= of any convenient kind: this drive means
drives a shaft 84 one end of which is rigid
with one end of the cotor 81. The other end
of the rotor 81 carries a stub-shaft 85 sup-
ported by a self-aligning bearing of which only

the inmer or rotatable part is shown at 86,
The other end of the shaft 84 is conmected
by means of a universal coupling 87 to a
stub-shaft 88 rigid with the adjacent end of
the rotor 82,

Tha rotor 82 can fake up an angle to the
axis of the shaft 81—(one extrema position is
shown chain dotted at 82')—without this
interfering with either the supporting or the
driving of the rotor. Thus the mounting
arrangement of the rotor 82 can be used
where the supporting structure is not abso-
lutely rigid or where absolute alignment of
shaft and bearings is either not practicable
or for some zeason it is mot desired to go
to the trouble of such alignment.

Figures 9 and 10 show a method of driving
by means of gas stream a rotor similar in
principle to the roter above described. The
rotor, designated generally 90, comprises a
oumber of sections 91 each consisting of fan
blades 3 supported between discs 92. Each
disc 92 carries beyond the envelope of the
fan blades 3 a narrow ring of axial flow tur-
bine blades 93 mounted between inner and
outer cylindrical shrouds (the outer one 93a
only being shown). The gas stream is led to
the blades 93 by a narrow duct 94 having
its end portion 95 embracing the turbine
bladss 93 over some 90° of the periphery
of the rotor. The duct portion 95 carries a
series of fixed blades 96 which guide the gas
stream generally axially into the turbine
blades 93. Gas leaving the blades 93 enters
a ssction 97 of the duct portion 95 which
guides it into the fan blades 3 adjacent the
corresponding disc 92. The turbine blades
are curved not only in the sense wusual in
axial flow turbine blades, but also so as to
give the gas in the duct section 97 a radially
inward component so: that they add energy to
the fan blades on passing therethrough.. Gas
entening the fan blades 3 mixes with the air
which flows therethrough in the manmer pre-
viously described.

It will be understood that in operation the
fan blades 3 of the rotor 90 will be associated
with a guide body as previously described.

Figures 11 and 12 show another method of
driving a rotor by means of a gas stream,
The rotor generally designated 110 is divided
into a number of sections 111 each compris-
ing fan blades 3. Each section 111 has a nar-
row ning of axial flow turbine blades 112
at onz end thereof, the turbine blades 112
being in the same peripheral zone of the sec-
tions 111 as the fan blades 3. Annular ducts
113 for the gas stream are disposed adjacent
each ring of turbine blades 112, A ring of
stator blades 114 is provided in each duct
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113, so that the gas stream is directed by
each ring of stator blades 114 onto the turbine
blades 112 with a major velocity component
in the axial direction. Gas leaving the blades
112 on each section 111 is directed between
the blades 3 where it mixes with the air stream
passing therethrough. Unlike the method ilbus-
trated in Figures 9 and 10 the gas does not
add energy to the fan blades 3. The gas may
be supplied to the duots 113 from the exhaust
of & gas turbine indicated only schematically
by the chain-dotted lines 120.

Figures 13 and 14 show a still further
method of driving a blower rotor here desig-
pated 130 by means of a gas stream. The
rotor 130 comprises seotions 131 having blades
3 and operating as described with reference
to Figures 1 to 4: adjacent sections 131 are
separated by a narrow ring of impulse turbine
blades 132 mounted betwsen rings 133 which
also support the blades 3. Each ring of im-~
pulse blade 132 is embraced by a narrow
volute 135 supplied with gas under pressure,
Nozzles 134 on the inside of the volute 135
are directed generally tangentially to the ropor
130 so that gas issuing from the nozzles 134
impinges upon: the blades 132 so as to rotate
the rotor, The gas travels to the inside of the
rotor 130 and mixes with the airstream which
is caused to traverse the blades 3.

It will be under stood that the rotors of
Figures 7 to 14 are intended to co-opsrate with
a guide body as explained with reference to
Figure 1.

The Figure 15 flow machine includes two
similar contra-rotating bladed rotors 150, 151
mounted adjacent one another on parallel axis,
the direction; of rotation being indicated by
the arrows 152 but the driving means not
being shown. Guide members 153, 154 for
the rotor 150 and 155, 156 for the wmotor 151
extend the length of the rotors with constant
cross-section and define entry arcs 150z and
151¢ for the rotors and a common exit duct
157. Guide members 153, 155 provide walls
153 and 155a on the exit side of rotors 150
and 151 the radius whereof from the rotor
axis increases steadily in the direction of vota-
tion from the point of nearest approach, At
their lines of nearsst approach to the rotor
these walls 153¢ and 155¢ are spaced substan-
tially more than @ working clearance from the
blades. Guide members 154, 156 prowide on
the exit side of sotors 150, 151 walls 154a and
156a convering with the rotor in the respec-
tive direction of rotatiom, auxiliary bodies
154b and 156b being located in the wedge-
shaped recess thus formed. In operation a
Rankine vortex forms in each rotor 150, 151
having a core shown at V, and flow is induced
as indicated by the lines F. The foregoing des-
cription of flow conditions in the fan unit
of Figure 1 is referred to to complete the des-
cription: of what ds shown in Figure 15.

The guide members 153, 155 define be-

tween them a gap 158 and an additional fluid
flow in induced through this gap.

It will be seen that the rotor, guide mem-
bers and guide walls thereof, and vortic:s and
flow lines form a mirror image of ons another
about a plane indicated at 159. This gives the
advantage that the flow from one rotor acts
as a guide wall for the flow from the other
thus avoiding the need for the physical pre-
sence of separate guide walls one for each
flow: the arrangement also avoids the skin
friction which such actual guide walls would
cause, Now this friction, if it were acting,
would affect the slowest stream tubes most,
thus accentuating the peaky nature of the velo-
city profile which is produced at the outler
from the rotor on following the teaching of
our aforesaid specification. Thus the Figure
15 constmuction minimizes this peaky profile
end enables the profile at the outlet from the
machine to approximate to rectangular with-
out excessive mixing losses. An approximate
velocity profile for the exit 157 is shown in
dash-dotted lines at 157a.

Figure 16 shows a blower similar to that
of Figure 15 except that there is no gap
through which fluid is introduced in addition
to that fowing through the rotors. The same
numerals are used as in Figure 15, the guide
members 153", 155' being distinguished by
a prime because of the absence of a gap be-
tween them.

Figures 17 and 18 show an armrangement
of two rotors 170, 171, coupled to two tur-
turbines 172 and 173. Each rotor has four sec-
tions 172" and 173" respectively, provided with
fany blades 3 and is supported on bearings 174
to 177, The rotors 170, 171 are arranged to
operate as @ double rotor in the manner des-
cribed with meference to Figure 16 above,
guide bodies 178, 179 and 180 being pro-
vided along the length of the rotors to guide
the air flow and to creat= the vortices. The
turbines 172 and 173 are disposed coaxially
with the rotors 170, 171 respectively: clutches
can be provided to disconnect the rotors from
the turbines, Means may be provided (not
shown) at the bearings 174 to 177 to hold
these bearings rigidly when starting up and
to release the bearings successively when the
critical speed of revolution is reached so that
the rotors 170, 171 may act as flexible shafts.

It is contemplated that the doublerotor
arrangement of Figure 17 can be used—pos-
sibly in multiple units—to provids lifr in a
high speed V.T.O.L. aircraft wherein for-
ward thrust is provided by one or more jet
propulsion: umits : —

Such air aircraft would maintain a horizon-
tal position not only in normal flight but also
in take-off and landing. The power consump-
tion of such an arrangement would exceed that
of a comparable helicopter but would be less
than that developed by the jet propulsion
unit or units, so that for take-off and landing
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the turbines 172, 173 could be driven by the
exhaust from the jet propulsion unit or units,
using jet deflecting means. Thus the net extra
weight due to the Figure 17 lift arrangement
would be small. This proposal is considered
especially applicable to supersonic aircraft.

The Figure 17 atrangement, or analogous
arrangements, could be used also in wingless
aircraft or in craft resembling motor wehicles,
or, for example, inflatable boats for air-sea
rescue operations, or rocket launchers. Certain
examples of such utilization of the Figure 17
arrangement or modifications thersof are des-
cribed with reference to the following figures.
In all cases the velatively large cross-section
of the jet (ise. that of the passage between the
guide bodies 178, 180) and the approximately
rectangular velocity profile across this cross-
seotion (see Figure 15) promote economy in
pOWer consumption.

As regards the possible modifications just

refierred to, several rows of rotors can bz
arranged side by side, as later illustrated.
Moreover, multi-stage blowers can be used,
comprising serially connected stages each con-
structed on the principles enunciated with
refierence to- Figires 1 to 3, a diffuser being
interposed between: suocessive stages. Multi-
stage blowers are recommended where space
is | .
Figure 19 illustrates a high-speed (e.g.
supersonic) delta-wing airoraft whersin the lift
for vertical flight s generated by four rotors
190 driven by three interconnected turbines
190z, Air enters from the top through open-
ings 91 flush with the upper wing surface and
issues out of the rotors in the direction 192.
Stabilisation of the eircraft in vertical flight
can be effected by jets at 193 and 194, In
high speed flight, when; the delta-wing provides
the required lift, the openings 191 can be
closed by covers 196. The part of Figure 19
showing the rotors 190 in section which part
is bounded by the wavy line 199 is a pro-
jected wiew at night angles to the rest of the
figure,

It will be appreciated that the Figure 19
Totor arrangement is broadly similar to a pair
of Figure 17 arrangements side by side.

The Figure 19 aircraft can be modified for
use in the subsonic spesd range.

Figures 20, 21 and 22 shows a vertical lift
aircraft which can also be used as a road
vehicle, Four rotors 200, each in four sec-
tions are shown, these sotors being driven
by a centrally located twin power unir 200a.
Air enters from the top at 201 and 202 on
either side of the fuselags 205 and issuss out
of the openings 203 and 204. A cowling 206
prevents the air from escaping laterally dur-
ing the take-off of the aircraft, thus helping
the lift and reducing the amount of dust
that may be sucked into the intake, The rotors
are equipped with control means (not shown)
such as previously referred to; adjustment of

these control means enable manosuvre of the
aircraft as desired. For use as a road vehicle
the wheels 207 are swung from retracted to
operative position. The power unit can be
jettisoned in emergency. Because of its cen-
tral position this will not affect the equilib-
rium of the aircraft,

Figures 23 to 28 show another vertical-lift
vehicle also suitable for road use. On either
side of a fuselage 230 there is mounted in a
frame 231 fixed thereto a pair of rotors 232
arranged side by side longitudinally of the
vehicle and associated with guide means (e.g.
as shown in Figures 1 to 3) rigid with the
frame, A further pair of rotors 233 similar to
the first pair s mounted on either side of the
fuselage 230 is a sub-frame 234 pivoted to
the frame 231 at 235. The sub-frames 234
can: be pivoted betwesn an extended or opera-
tive position shown in Figures 23 to 25 and
& retracted or mon-operative position shown
in Figures 26 to 28. In the first position the
axes of the rotors 232, 233 lie more or less
in a horizontal plane, while in the second
position: the sub-frames 234 overlie the frames
231; in this latter position of the sub-frames
234 the vehicle can be used as a road vehicle,
for which purpose wheels 236 are provided.
Each rotor 232, 233 is driven (through reduc-
tion gearing if required) by a turbine 237 con-
nected by a conduit 238 to a single central
gas-generator 239, The conduits to the notors
233 are such as to permit the required pivot-
ing. Alternatively a piston engins could drive
the rotors through gear trains,

In modifications of the embodiment of
Figures 23 to 28 the sub-frames 234 can be
made to stack on the frames 231 instead of
to fold thercover.

Figure 29 is an enlarged view showing the
%liﬁmg of the sub-frames 234 upon the frames

In jet lift machines the following relation

applies : —
n~1/y/F

where n is the power taken and F the cross-
sectional area of the jet outlet. The embodi-
ment of Figures 23 to 28 enables a compara-
tively large value of F to be obtainsd with
& compact mechanical arrangement: the
arrangement os in fact fore compact for. a
given: shaft power and weight than the equi-
valent conventiona] helicopter.

The aircraft of Figures 30 and 31 is a
modification of thay of Figures 23 1o 29:
like the aircraft of those figures it comprises
four rotors 300 arranged close togsther on
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each side of a central fuselags 301, the outer

two rotors on each side being foldable to
a retracted position indicated in dots 302 from
the extended or operative condition shown in
full lines. The rotors 300 when in extended
condition lie—as seen in transverse section—
on an arc 300z symmetrical with the fuselage
301 and concave towards the ground. Each
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sotor 300 is associated with a guide body 303
which performs the same general function as
the guide body 9 of Figure 1: the guide
bodies 303 divide the rotors 300 one from
the next and define an entry area for each
wotor indicated approximately at 304, and also
an exit area indicated at 305. By reasons of the
shape of the guide bodies and more especially
the dispositions of the axes of the totors 300
o an arc the entry areas are much greater
than the exit areas, as is appropriate to the
much: greater velocity of air across the exit
areas. In the arrangement shown the jets
of air from the rotors 300 on each side
coalesce to form a single homogencous
jet of large area,

Instead of disposing the rotor axes on an
arc as seen in transverse section: the axes could
be arranged on the equal sides of an isosceles
triangle symmetrical with the fuselage. The
arc shown approximates to such a triangle;
in fact Figure 31 shows a variation in the
shape of guide bodies 303 as compared with
Figure 30,

Figures 32 and 33 show a vertical-lift
launcher for a wocket 320; alternatively the
Jauncher could be modified to serve for a
long-range aircraft. Three arms 321 radiate
symmetrically and horizontally from a central
annular supporting platform 322 providing a
guideway 322¢ for the rocket and each arm
mounts four rotors 323 running parallel to
each other and longitudinally of the arm.
A depending housing 324 is carcied at the
end of each arm 321 within which are located
two: vertically arranged gas turbine propulsion
units 325 which drive the rotors 323 of that
arm: downwardly and outwardly divected
exhaust cowlings 326 for the power units 325
permit exhaust therefrom to add to the lift
produced on. rotation of the votors 323, Wheels
327 project downwardly from the housings
324 to provide support for the apparatus when
on the ground.

On account of the symmetrical arrangement
of the launcher the socket 320 leaves it with-
out causing any shift in the centre of gravity:
slits 328 are provided in the central platform
322 to allow the tail fins 329 of the rocket
tor pass through it on launching.

Figures 34 and 35 show a light aeroplane
with a propulsion unit 340 generally similar
to that of Figure 15 arranged on an inclined
axis behind the pilot’s cabin 341. The cabin
341 is suspended from wings 342 of conven-
tional construction and a tail 343 dis carried
rearwardly on a boom 344.

The cotors of the propulsion unit 340 are
shown at 345 and are driven by small high
speed piston engines 346 without reduction
gearing. The power unit 340 can be throttled,
cither by movement of the guide body (not
shown) stabilizing the vortex of each rotor
345 or by movement of deflecting members
(also not shown), when the aircraft is near

the ground and opened up when the aircraft
has gained height,

This aircraft has various advantages: thus
airscrew drag when gliding is eliminated, as
also the danger of accidents arising from a re-
volving airscrew; in: addition an engine 346
can be jettisoned in emergency.

Figures 36, 37 and 38 show a glider with
auxiliary power. The glider comprises a nor-
mal wing and fuselage arcangement (these ele-
ments being designated 360, 361 respectively)
and in addtion a propulsion unit designated
generally 362 pivotally mounted in the fuse-
lage behind the cabin 363 for angular move-
ment about a transverse axis 362¢, The pro-
pulsion unit 362 includes a high speed inter-
nal combustion engine 364 of the opposed-
piston type and a blower 365 comprising a
rotor 366 driven directly by the engine and
guide means designated generally 367 CO-0per-
ating with the rotor; the blower is constructed
as previously described with reference to
Figures 1 to 3. The pivotal mounting of the
propulsion unit 362 enables it to adopt either
the operative position shown in the figures
where the blower 365 projects vertically above
the fuselage, or a retracted position wherein
the blower is accommodated in a longitudinal
slot 368 in the fuselage 361. The propulsion
unit 362 can be adjusted to intermediate posi-
tions; for gliding the unit 362 is moved to its
retracted position wherein it produces no drag,

In an alternative arrangement the rotor
can be arranged transversely in the fuselage,

Figures 39 and 40 show an aeroplane with
wings 390, fuselage 391 and tail plane 392,
The wings 390 have jet flaps adapted to pro-
duce forward thrust, having longitudinally
arranged  blowers  comprising rotors 393
mounted within the wing section as seen in
Figure 40. The blowers are comstructed as
previously described with reference to Figures
1 to 3 and the rotors of both wings are
driven by a single engine 394 disposed cen-
trally in the fuselage, The engine 394 may as
shown, be of the high speed radial type and
may have a cooling air duct in the form of 4
volute discharging rearwardly at 395 to suppie-
ment the forward thrust. "Although in the
aeroplane of Figure 39 and 40 the whole of
the forward thrust is developed by the jet
flaps, this aeroplane could be modified 1o
have additional, or altemnative, means for pro-
ducing thrust in normal flight (e.g. turbo-
jet dor T? Jet power units) the jet flaps being
used only to generate lift duriny -
and landing, 8 § kool

Attention is drawn to the claims of the fol-
lowing specifications, which may COVEr some
of the embodiments herein described : —

20871/57( Serial No. 876,611), 44292/60
(Serial No. 876,612), 44293 /60 {876,613).

_ Attention is drawn to copending Applica-
tions 29473/61 (Serial No, 885,665) and
29475/61 (Serial No. 885,666).
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WHAT WE CLAIM IS:—

1. An aircraft wherein at least a part of
the vertical and/or honizontal thrust required
in flight is provided by air ejected by one or
morz motor-driven blowers each comprising a
bladed cylindrical rotor and means to guide
air twice through the blades of the rotor in
a direction always transverss to the rotor axis,
the rotor and guide means being such as to
stabilize in operation a cylindrical vortex
ecceniric to the rotor axis whereby to guids
air through the rotor on 2 curved path, the
flow tubes within the highest velocity pass-
ing through the rotor blades where the blades
have a velocity componsnt opposite to the
main, direction. of flow through the rotor.

2. An aircraft as claimed in Claim 1, where-
in. one guide means dncludes a guide body
outside the wotor and extending the length
thereof with constant section, the interior of
the rotor being clear of stationary guides.

3. An aircraft as claimed in Claim, 1, where-
in: said guide means includes at least one body
which is prevented from rotating with the
rotor, which extends within the rotor along the
length: thereof, which divides the fluid flow
within the rotor so that a substantial part of
the flow takes place on each side of the
body, which has a cross-section the median
line of which is a generally smooth curve
which is without inflection, and which guides
the fluid flowing over each side of the body
so as 1o fdow in a path curved in the same
sense as the median: line,

4. An; airoraft as claimed in: Claim: 3, where-
in: a plurality of guide bodies are located with-
in the rofor and said bodies comprise a plur-
ality of aerofoils of constant cross-section along
the length of the votor.

5. An aircraft wherein at least a pant of
the vertical and for horizontal thrust required
ins flight ds provided by air ejected by one or
more motor-driven: blowers each comprising a
bladed cylindrical rotor and means to guide
air twice through the blades of the motor
in a direction always transverse te the rotor
axis, said guide means including a guide body
which extends the length of the blades and
outside it, the angles and curvature of the
blades being chosen so that in operation the
rotor blades and the body form and stabilize
an: approximately cylindricals vortex including
a field region with a velocity profile approxi-
mately that of a Rankine vortex and a core
region: eccentric to the rotor axis and induce
the flow tubes with the highest velocity to
pass through the blades where they have a
component of velocity in a4 direction opposite
to the main direction of the flow within the
rotor, the guide body dividing the suction
region from the pressure region, the guidz
body (or at least that part of it which chiefly
affects flow through the rotor) extending over
only a small arc of the outer blade envelope
so that the stream of tubes of the throughput

nearest the vortex core leave the blades on
their second traversa]l with a velocity com-
ponent in the opposite direction to the velo-
city with which those stream tubes enter the
blades at their first traversal and the velocity
profile at the second entrance to the wotor
blades having the general character of the
velocity profile, of said Rankine vortex, the
interior of the rotor being clear of stationary
guides at least over a substantial part of its
cross-section adjacent the guide body.

6. An. aircraft as claimed in either of Claims
2 or 5, including a guide wall extending the
length of the blades and defining with the
guide body an exit arc from the rotor,

7. An aircraft as claimed in any of the
preceding claims including means to vary the
throughput of air through the blades for a
%ivsn angular velocity of the rotatable mem-
ber,

8. An aircraft as claimed in Claim 7, as
dependent on Claim 3 or oo Claim 4, where-
in said throughput-varying means comprises
flaps pivotally mounted within the blades
about axes perpendicular to the rotor axis so
as to bz movable between a position in whiach
they substantially close off the interior of the
blades and a position: in ‘which they present
négligable wresistance to the flow there-
through.

9. An aircraft as claimed in Claim 6, where-
in the guide wall approaches nearest the
blades at a line which is spaced substantially
more than a working clearance from the
blades,

10. An aircraft as claimed in any of the
preceding claims, wherein the motor is rein-
forced by a plurality of discs or rings secured
to the blades at intervals along the length of
the rotor and exfending in planes perpendicu-
lar to the rotor axis. -

An aircraft as claimed in any of the pre-
ceding claims, wherein. the mtotor driving the
rotor comprises one or more turbine blade
rings forming @ wunitary structure with the
rotor and disposed coaxially therewith.

12. An aircraft as claimed in Claim 11,
wherein the votor is divided along its length
into a series of sections and one turbine blade
mm% is associated with each rotor section.
© 13. An aircraft as claimed in Claim 11 or
Claim 12, wherein each blade ring is am
axial-flow ring discharging gas into the wotor
blades.

14. An. aircraft as claimed in any of Claims
11 to 13, wherein each blade ring lies beyond
the outer cylindrical envelope of the rotor
and is associated with a duct for a gas stream
which is adapted to lead the gas through the
ring from one side to the other and then to
direct it inwardly so that it traverses the rotor
blades adjacent said ring,

15. An airoraft as claimed in Claim 14,
wherein said duct terminates in an arcuate por-

70

75

80

85

%0

95

100

105

110

115

120

125



885,663

10

15

20

25

30

35

40

45

50

55

60

tion, which embraces the blade ring thereof
and carries fixed blades which impose upon
the stream in said arcuate duct portion a
velocity component along the rotor axis.

16. An aircraft as claimed in Claim 13,
wherein each blade ring lies substantially
within the outer cylindrical envelope of the
rotor and is adapted for discharge of Zas
directly into the roter blades adjacent said
ring,

17. An aircraft as claimed in Claim 11 or
in Claim 12, wherein each blade ring is an
impulse blade ring adapted for gas flow with
an inward radial component, said ring being
associated with a duct for a gas stream which
duct carries mozzles to direct gas from the
duct generally tangentially on to the blade
ring,

18. An aircraft as claimed din Claim 17,
wherein the duct has the form of a volute
with & nozzle ring extending in arc on the
inside: of the volute.

19. An aircraft as «claimed in any of the
preceding claims wherein the or each blower
includes a. pair of contra-rotating similar rotors
and guide means to co-operate with both
Totors as_aforesaid and to direct the outflow
from each cotor into the same general direc-
tion: along or parallel to the plane of sym-
metry,

20. An aircraft as claimed in Claim 19,
wherein said guide means provides an inlet
symmetrically located between the rotors for
air to be: drawn into the blower without pass-
ing through the rotors and to mix with the
outflow therefrom.

21. An aircraft as claimed in either of
Claims 19 and 20, wherein each said pair of
rotors is driven by a pair of coupled tur
bines,

22. An aircraft as claimed in Claim 21,
wherein: bearings are provided for the notors
intermediately in their length which can be
clamped on starting up and released for oper-
ation of the blower at speed the rotor being
such as then to act as flexible shafts.

23. A V.T.O.L. aircraft as claimed in; either
of Claims 21 and 22, comprising one or more
jet propulsion units to produce thrust for for-
ward flight, said blower or blowers being
arranged to produce lift and the propulsion
unit or unips being provided with means to
deflect tthe jet to drive the blower turbines.

24. A V.T.O.L. aircraft as claimed in Claim
23, including a wing operative o produce lift
iy forward: flight and also including means to
enclose the blower or blowers when out of
use.

25, A VTOL, airoraft as claimed in
Claim 24, including a wing to produce in
forward flight, the blower or blowers being
mounted in said wing in associated with entry
and exit openings for air in the surfaces of
the wing, and means being provided to close

at least one set of such openings in forward
flight to preserve the continuity of the corres-
ponding surface,

26. An aircraft as claimed in any of the
preceding claims, said aircraft having a body
mounting at least a pair of rotors longi-
tudinally thereof at either side,

27. An aircraft as claimed in Claim 26,
said rotors being all driven from a central
POWeEr Unt.

28. An aircraft as claimed in Claim 26 and
27, having wheels and being' adapted for use
as a road vehicle.

29. An aircraf as claimed in Claim 28,
wherein an equal number of rotors on. either
side of the body are mounted in sub-frames
and adapted to be swung towards the body
when inoperative to reduce the overal] width
of the aircraft.

30. An aircraft as claimed in Claim 29,
having said sub-frame pivotally mounted,

31. An aircraft as claimed in any of the
preceding claims including a plurality of rotors
mounted longitudinally of the aircraft, the
axes of the rotors as seen in a section taken
transversely of the aircraft lying on the equal
sides of an isosceles triangle whose base is
horizontal or on an arc or arcs conforming
approximately to the equal sides of a fri.
angle,

32. An aircraft as claimed in Claim 31,
wherein said motors on each side are close
together and separated by guide bodies pro-
viding one outlet wall for one rotor and am
opposite wall for the nexr,

33. A V.T.O.L. aircraft as claimed in any
of Claims 1 to 22, comprising a central
launching platform and 2 series of generally
horizontal ‘arms extending outwardly there-
from, each arm mounting at least one blower
with its gotor running longitudinally of the
arm, the arrangement being such that the
launch of a rocket or other craft launched
from the platform does not change the posi-
tion of the centre of gravity.

34. A V.TOL. aircraft as olaimed in
Claim 33 including a gas turbine motor
mounted at the each of epch arm and driving
the rotors thereof, the exhaust of the TOTOL'S
being arranged to contribute to the left.

35. An aircraft as claimed in any of Claims
1 to 22 including wings, said biower being
arranged with the rotor axis vertical or in.
clined slightly to the vertical,

36. An aircraft as claimed in Claim 35,
as dependent on any of the Claims 19 1o
22, the blower being mounted symmetrically
to the vear of a cabin,

37. An aircraft as claimed in Claim 35,
wherein the blower and motor form a pro-
pulsion: unit moveable as a whole between an
operative position and an inoperative position
wherein said unit is substantially wholly con-
cealed 50 as to cause no drag,

38. An aircraft as claimed in Claim 1, the
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blower having the characteristics explained
with reference to Figures 1 to 3.

39. An aircraft as claimed in Claim 1, the
rotor being combined with the motor as here-
inbefore described with reference to Figures
9, 10 or 11, 12, or 13,14 of the accompanying
drawings.

40. An aircraft as claimed in Claim 1, the
blower being as herein describsd with refer-
ence to Figure 15, or to Figure 16 or to
Figures 17 and 18.

41. An aircraft as herein described with
reference to Figures 20 to 22 or Figures 23
1o 29 or Figures 30 and 31 or Figures 32 and
33 or Figures 34 and 35 or Figures 36 to 38
or Figures 39 and 40.

ALLAM & TREGEAR,
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London, W.C.2.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press.—1961.

Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtained

15






885663 COMPLETE SPECIHCATIOH

This drawing is a reproduction of
12 SHEETS the Original on a reduced scale

Sheets | g 2

y % &5

¥
=

7 by 7 Gz




271 sjeaye
31038 paanpas b uo [outdng ey
Jo uopanpoidas o s1 Sujmosp :.“t. S133HS 21

HOWLVYDOHIDI4S 3LITdWOD £99588



U 95 97 9 FIG. 9.
=Y

N

]

- A

I

93 =

I
L)

\
LJ \gg'

[ LT EIT

F‘

L1
T I 7171 TIT

(1IN NAN

T :
N AN

mn

111N

KT
CLCU(0Y

4
~720



885663 COMPLETE SPECIFICATION
12 SHEETS This drawing is a repr_aa'uctian of

the Criginui un a reduced scule

Sheets 3 & 4

52

FIG.S. — ¢

-
A M~ M~

i F4 - »
= -

| I Y |

1

LL

1.

772

\i.u 22000

yers



/
.:llll!:lq
) \I\._J\/\/
WWMmmmmmmm mmmmmmmwmm mmmmmmmmmw mwmmmmmWWu
= :
I wr L
1724 A gH S

cl'oiS

Nm.yﬂ 9 = M® =
S S A I - %
TR R N HH
Cans I = I~ I s I N O 3
2 g e e = s e = e i IR
= A =3 4
: - AR TR
££7 ] N " 6
: \ e’ L6 567 6
s Y 2 % ° 9
RAIE
EYRIIE]
¥ B € sissyg
5ip3s paanpas b uo [puSlQ Byl SIFIAHS 21

Jo uononposdas o s1 Bupmpip siyy
NOILYDIHID3dS JLIFTdWOD €99588



ot FIQTT. 7y 7 /72///7/

1z | —
74 ’ L
5w 173 S
FIG.21.
FIG 18. 2, s

770
"W 779 _70

/Joﬂd‘éﬁf

200 FIG .22.1 2002

27

== -
B LE T
%\\ P@’ )
207



885663 . COMPLETE SPECIFICATICM

This drawing Is a reproduction of
12 SHEETS the Original on a reduced scale

Sheets 5 & 6

776 195/
/ ”f /4 FIG.19.
1 797
JF
4
21.
05
— T
. 297 //,a/
19— = &
790, A >
7%
| N~z92
0 [T: -
724

{900'5’




L0
‘s V3
LWI---!--?W
S\ r— e T
P PR | 1] SRS J R~

! 1
7o 1

206/

V24 1424

GEF- B i h —
/AN H:H —/ g
JbF. JETELS (724 . L
06/
7o pE Dl P
A" a 26/

w K £z .
P N\\@AW
4

e %7 K
e etod
euid

Ky Flhn Y P £

s \ﬂ% : =
6L'9ld4 VA [

oo

9 B § s133ys
2jo3s pacnpas o uo joudlig
Jo woponpoides o s Supmosp &.“Nh S133HS 21

NOLLYDOHIDIdS 343dW0OD ~  £99688



27 27 oz
Szt
AN
236 Bzz
FI1G.25.
' 2/5’0
A

* S plglioyivicylinplimy Mg S
AR TTERR T T T hiH il T T um um T T Er T T R T




885663 COMPLETE SPECIFICATICH

This drawing is a reproduction of
12 SHEETS e Origin;l on.a reduced scale

Sheets 7 & 8

255 \\
ANNNNNANNNN .
27 ps -25% )i
B 775

: 259
N |

TN 257

\\\\\\\\\\\\\\\\\\\\\_\\\\\\\\\\\\\\\\\\\‘




8 3 L s193us
s pasnpad D uo jouidis s13
3 oz..\..“vowau.. o 51 Sujm. 3
LLYDHI1D3dS 313d €995



L



385663 COMPLETE SPECIFICATION

This drawing is a reproduction of
12 SHEETS the Original on a reduced scale

Sheets 9 & 10

iwa

JZA0

A} T2

s # FIG.35,

729



Qe DA 3 Y7

—
seE i _ ]

€€/

01 36 mumwum
3j03s pasnpas o uo [puiSug 2y
.?\ :E»W:vowﬁ._ D st wE.sEQv siyy  SLIIHS 2T

NOILYDHIDAdS ILITIWOD €99588




363 =\
JA




J&8

885663 COMPLETE SPECIFICATION

This drawing 1s a reproduction-of
12 SHEETS the Original on a reduced scole

Sheets 11 & 12

R/ K4

71
747 390



065 \\%M.

‘68°9Ild

21 % 11 si9ayg
3035 pasnpas b uo joupdlp 3
Jo =o.=w=nnWME F ] WE.:EW uh....“_. Si33Hs 2t

NOILYDOWID3dS 3131dWOD £99588



	Cover sheet
	US6231004 (B1)
	Biblio
	Drawings
	Description
	Claims

	US2006196992 (A1)
	Biblio
	Drawings
	Description
	Claims

	EP2808253 (A1)
	Biblio
	Description
	Claims
	Drawings
	Search report

	KR100810725 (B1)
	Biblio
	Description

	CN102556335 (A)
	WO2005049422 (A2)
	Biblio
	Description
	Claims
	Drawings

	US2012256042 (A1)
	Biblio
	Drawings
	Description
	Claims

	JP2007533528 (A)
	Biblio
	Claims
	Drawings

	US6352219 (B1)
	Biblio
	Drawings
	Description
	Claims

	GB885663 (A)
	Description
	Claims
	Drawings


