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Abstract

An aerospace plane (1) having an elongate body (2) supports a pair of wings (3). The
wings are adapted to extend away from said body in opposing directions. A landing gear
assembly is operatively associated with said body to be moveable from a retracted position
where said assembly is substantially locatable within said body and an extended position were
said assembly extends at least partially away from said body. At least one engine (10) is
adapted to generate thrust. At least one stabilizer is adapted to assist with movement of said
aerospace plane. The at least one engine is locatable at least partially within an intake housing
(14) to direct air into said at least one engine. The intake housing having at least one door
portion to open or close the intake housing to moderate the amount of air flowing into said

intake housing and thereby said engine.
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AN AEROSPACE PLANE SYSTEM

Field of Invention

[0001] The present invention relates to an aerospace plane and in particular to a commercial

aerospace plane system.
Background Art

[0002] Airplanes afe vehicles capable of flight by way of wings that interact with pressure
and airflow to generate lift. Airplanes have been utilised extensively since the 1950°s to
transport people and goods about the troposphere. An airplane typically includes a body or
ﬁlselage, one or more wings intersecting the fuselage, landing gear to assist take off and
lainding, an engine to provide thrust and a series of stabilisers to assist with control. Further
developments have seen airplanes fly not stop around the world and reach the stratosphere,

mesosphere and even the ionosphere.

[0003] With the ongoing use of airplanes for transport and the future of space tourism and
transport, there is a need for Aerospace planeS which have an extreme range when operated as
an aeroplane and also as a space plane. Accordingly, there ié a need for an “AeroSpace plane
syétem”. The Space Shuttle being the most famous “AeroSpace” plane, being able to orbit the
earth while landing like a conventional hjgh descent rate glider without an engine which
severely limits its efficiency. There is a need for an AeroSpace plane system that is fuel
efficient and capable of a global transit (21600 nautical miles - nm) and capable of semi-
planetary navigation with a payload that is competitive in the commercial aviation arena. Also,
being able to re-entef the earth’s atmosphere and being able to operate as a normal airplane and
land at a convenient airport for replenishment and relaunch. This is important because the re-
entry ranges (hyper and supersonic re-entry areas) maybe some distance from the point where
the passengers may conveniently disembark and freight needs to be delivered.v For example,
the White Sands missile range and SpacePort in New Mexico, USA is a long Way from
énywhere. An aerospace plane that can re-enter over White Sands and fly to a useful
destination under its own power will be extremely beneficial for space flight passengers and

freight.
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[0004] An aerospace plane system which can launch from any airport on the planet would
also be useful. The AeroSpace plane system should be sufficiently efficient to reduce the
overall fuel flow to an average of 5.34t/hr at Boeing 777 payloads with beyond Boeing 777

ranges to approximately 11000 nm and arrive at the destination with suitable fuel reserves.

[0005] When considering plane efficiencies flight range considerations must be given to the
vertical and horizontal stabilizers which are cufrently utilized in most commercial planes. A

downward balancing force is created by a horizontal stabilizer resulting in ‘induced and trim’
drag adding to the overall weight of the plane. This sig‘niﬁAcantlyv reduces aircraft range and

payload capability fora given fuel load.

[0006] The McDonnell MD-11 was designed as a relaxed stability airplane and some jet
upsets (unusual flight attitudes) resulted. Jet upsets are extremely undesirable and it is
therefore important to both design flight control software and flight control surfaces with -

sufficient power, Cy (Coefficient Moment) and size to overcome these issues.

[0007] Present airliners fly in the 33 000’ to 39 000’ range resulting in higher indicated
airspeeds, than aircraft flying at higher levels up to 60 000’, which results in much higher fuel
usage rates. Therefore more fuel is required to fly a specific distance, this increases costs,
limits range and reduces payload/revenue. To achieve lower fuel flows a diversion from
traditional commercial airplane shapes is desirable so that a majority of the flight is conducted
with the CG (centre of gravity) forward of AC (Aerodynamic centre) and therefore CG

management is required to achieve this.

[0008] There is also a need to design an acrospace plane capable of flying extreme ranges and

carry more payload per unit of fuel used.

{0009] Also current airplanes require at least two crew members to operate a plane where up
to six pilots (as relief crew) may be required to fly extreme ranges to comply with Federal
Aviation Regulations (FARs). This increases airpiane operating costs by requiring more crew
to operate a fleet of airplanes. Accordingly, there is a need to design an aerospace plane to be
operated by one crew member only thereby reducing labor costs therefore requiring fewer

relief crew for extreme range operations.
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Object of Invention

[0010] It is an object of the present invention to substantially overcome or at least ameliorate

one or more of the disadvantages of the prior art, or to at least provide a useful alternative.
Summary of Invention

[0011] There is disclosed herein an aerospace plane system having: _

an elongate body supporting a pair of wings, said wings being adapted to extend away
from said body in opposing directions;

a landing gear assembly operatively associated with said body to be moveable from a
retracted position where said assembly is substantially locatable within said body and an
extended position were said assembly extends at leaét partially away from said body;

at least one engine adapted to generate thrust;

at least one stabilizer adapted to assist with movement of said acrospace plane,

wherein said at least one engine is locatable at least partially within an intake housing to
direct air into said at least one engine, said intake housing having at least one door portion to
open or close the intake housing to moderate the amount of air flowing into said intake housing

and thereby said engine.

[0012] Preferably, said aerospace plane includes a tail, said tail including one or moré

stabilizers.
[0013] Preferably, said aerospace plane includes a “delta” wing shape.

[0014] Preferably, said acrospace plane is adapted to operate with acrodynamic centre

forward of or coincident with said aerospace planes’ centre of gravity.

[0015] Preferably, said at least one engine—includes one.or more pressure doors adapted to

maintain engine temperature when shut down.

[0016] Preferably, said acrospace plane includes a cockpit designed for operation by a single

person.
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[0017] Preferably, including means to heat fuel within said aerospace plane, said fuel in use

being distributed about at least one said wing to inhibit acrospace plane icing.

[0018] Preferably, wherein at least one stabilizer includes one or more elavons incorporated

into a leading edge of at least one said wings.
[0019] Preferably, said at least one engine is adapted to be shutdown in flight to save fuel.
[0020] Preferably, the aecrospace plane is capable of space flight.

[0021] Preferably, the acrospace plane includes an engine and corresponding intake housing
located on each wing, each said intake housing having a door portion adapted to moderate air

flow into the respective engine in use.

[0022] Preferably, the acrospace plane includes a pair of elavons at the front end of said body

and a pair of stabilons at a rear end of said body.
[0023] Preferably, said tail extends away from the rear end of said body.
[0024] Preferably, an upper rear fuselage of said body includes an engine or pair of engines.

[0025] Preferably, in use optimum stabilon datum measured by a prism light generator
(maximum lift, minimum drag) is established and maintained by optimising the centre of

gravity position by way of fuel transfer about said plane.

[0026] Preferably, in use optimum vectored nose down thrust of said plane is established

through fuel transfer about said plane.

[0027] Preferably, the plane includes a Reaction Control System power plant adapted in use
to power Hall Effect Thrusters.

Description of Drawings

[0028] A preferred embodiment of the present invention will now be d_escribed; by way of an

example only, with reference to the accompanying drawings wherein:



CA 02870808 2014-10-03

WO 2014/176622 PCT/AU2013/000348

[0029] Figure 1 is a top view of the extreme range aerospace‘ plane variant of an embodiment

of the prebsent invention, capable of operating up to 60 000’;

[0030]‘ Figure 2 is a front view of Figure 1;

[0031] Figure 3 is a side view,of Figure 1;

[0032] Figure 4 is a part view of a wing of Figure 1;

[0033] Figure 5 is an example of light refraction;

f0034] Figure 6 is a part yiew of a wing of Figure 1 engine intake door open;

[0035] Figure 7 is a part view of a wing of Figure 1 engine intake door closed;

[0036] Figure 8 is a further part view of a wing of Figure 1 engine intake door and pressure

doors closed;

[0037] Figure 9 is a part view of an electrical power plant powered by Reaction Control
System (RCS) gas in order to power Hall Effect Thrusters for the suborbital phase as an

emquiment of the present invention,

[0038] Figure 10is a lcross-éection of a fuel system heater; and
[0039] Figure 11 is a rear view of a re-entry braking system.‘
Description of Embodiments

[0040] There is disclosed in the drawings an aerospace plane 1 having an elongate body 2
supporting a pair of wings 3. The wings 3 are adapted to extend away from the body 2 in
opposing directions. A landing gear assembly (not shown) is operatively associated with the
body 2 to be movable from a retracted position where the assembly is substantially locatable
within the body 2 and an extended position where the assembly extends at least partially away
from the body 2. The aerospace plane 1 includes at least one engine 10 adapted to generate

thrust. At least one stabilizer is included and adapted to assist with movement and thereby
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flight of the acrospace plane 1. The at least one engine 10 is located at least partially within an
intake housing 14 to direct air into the at least one engine 10. The intake housing 14 having at
least one door portion 20 to open or close the intake housing 14 to moderate the amount of air
flowing into the intake housing 14 and thereby the engine 10. The intake'housing 14 having at
least one door portion 20 to open or close the intake housing 14 to moderate the amount of air
flowing into the intake housing 14 and thereby the engine 10. There are two variants one
~which 6perates below 60000 has three engines for example. The second, suborbital variant
has 2 jet engines one in each wing to climb to say 35000’ engage solid rocket booster/s and
then operate in space with Hall Effect Thrusters to complete the trajectory. This variant will
re-enter maintaining re-entry temperatures to safe limits by deploying a suitably large speed
brake (Figure 11). The pilots will then relight the 2 engines on this variant and fly to a suitable
destination unlike the shuttle which does not incorporate air breathing engines and therefore
has to land immediately after re-entry being unable to fly to a more suitable location. The
aerospace plane 1 in the preferred form is capablé of space flight and circumnavigation of the
planet. The aerospace plane 1 therefore includes an engine 10 and correspondihg intake -
housing 14 located on each wing 3. The aerospace plane 1 stabilizers include a pair of elavons
30ata ffont end 32 of the body 2 and a pair of stabilons 34 at a rear end 36 of the body 2. The
acrospace plane 1 further includes a tail 50 extending away from the rear end 36 of the body 2.
The tail 50 could also include a further eﬁgine 10 which could also include a corresponding

intake housing and door portion. -

[0041] The present invention at least in a preferred embodiment, therefore can include engine
shut down throughout the flight profile. Tﬁe low drag engine intake door portions 20 can
extend to cover the engine intéke 14 to reduce drag. The intake doors 20 are discussed further
later. This ensures that sufficient engine power is available for both take off in the available
field length and then climb to cruise altitude. If one or mﬁltiple engines 10 can be shutdown
and covered with the low drag intake doors 20 then this will reduce overall fuel flow. Engine
intake doors 20 and overall engine 10 structure would also produce lift ameliorating the weight

~ of the engines 10.

[0042] The present invention at least in a preferred embodiment would also include multi axis
vectored engine thrust technology so that the very large (heavy) vertical and horizontal tail

stabilizer surfaces (empennage) used for stability and yaw damping are integrated into the main
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wing 3 or a smaller control surface may be used (not shown). Another benefit of multi-axis
vectored thrust engines 10 is that heavy hydraulic and backup power sjzstéms for ‘roll’ flight
controls becbme redundant thereby reducing the overall weight and complexity of the
aerospace plane 1 making more space available in the outer wing 3 for fuel and reduced overall
weight resulting in increased payload. Further efficiency gains could be achieved by the ability
to move the aerospace planes centre of gravity (CG) through a large range to achieve
Aerodynamic Center (AC) and CG coincident to achieve relaxed stability which reduces
“induced and trim” drag coefficient significantly reducing fuel consumption. Higher cruise
altitudes (above Flight Level [FL] 500 or 50,000°) may be achieved by further reducing drag’
with lower airspeeds and the facility fo cruise at higher mach numbers of M0.95> at Indicated
AAirspeed (IAS) of 185 knots to 210 knots. Thereby reducing the overall flight time and further
reducing fuel consumption for a given distance. Variable CG also allows for higher lift
forward fuselage profiles (present airplanes do not have high lift forward fuselage) to further
enhance the aerospace planes 1 efficiencies in range, payload and lower fuel consumption.
Also, flight at higher mach numbers (than present commercial aircfaﬁ) results in redﬁced flight
times resulting in maximizing daily usage of acrospace plane assets. The aerospace plane 1
will be designed for single pilot operations located in a cockpit 70 reducing pilot manning and

training costs.

[0043] Landing gear electric traction motors (not shown) could be utilised to further reduce

fuel usage before takeoff, after landing and also reducing jet blast during ground operations.

[0044] The present invention at least in a preferred embodiment, would be about 75m in
length by about 65m wide and have a body of about 6.2m in radius. The aerospace plane 1
would include a 3 engine configuration for adequate take off performance; adequate climb
performance to achieve final cruise altitude early in the flight profile; and no intermediate level
off altitudes before arriving at final cruise altitude. An example for managing cruise profile to

achieve very low fuel flow figures at final cruise altitude:

[0045] 3 Engine cruise — 20% beginning of flight;
2 Engine cruise — 20% mid flight;
1 Engine cruise — 60% end flight.
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[0046] Global fuel consumption figures for circumnavigation: a. Global Circumference 22
000 nm; b. 500 knot ground speed cruise; ¢. 250 tonnes of fuel; d. 15 tonnes reserve; €. 44 hrs
flight time at 500kt ground speed; f. 235 tonnes / 44 hrs = 5.34 t/hr.

[0047] An AeroSpace plane 1 with:

a. low enough fuel consumption for global circumnavigation (no payload);

b. B777 size cabin and B777 size payload capacity, and

c. a 737 PCN (Pavement Classification Number) increases the number of airfields at
‘which the aerospace plane 1 can land. This is a significant advantage over existing commercial

- airplanes of this size and weight.

[0048] The present invention could include a one button push control (not shown) for -
PreFfight preparation, to support single pilot operations. This could include a sequence of:

a.  Auto wind uplink for Flight Plan (FPLN) assessment negating the requirement for
companies to provide brieﬁng and flight planning offices and staff to man these
facilities;

b.  Auto upload digital Automatic Terminal Information Service (ATIS) fields on to
Performance Calculation page;

c. Air Traffic Control FPLN submission from éircraft.

[0049] The aerospace plane 1 would also include auto deployable onboard wind vanes (not
shown), providing wind speed and direction, for autonomous automatic take off performance
calculation, thereby reducing pilot workload when\ operated by a single pilot. That is; wind
speed and direction adjusted for taxi track and ground speed and temperature and pressuré

input from onboard systems.

[0050] The present invention at least in a preferred embodiment provides methods of drag
reduction such as: o

a. fly above 50 000’ at lower airspeed and high Mach number;

b. Aerodynamic Centre (AC) coincident or forward of Centre Gravity (CG) ensures
the stabilon 34 (hdrizontal stabiliser and aileron) is set in an optimum liftminimum drag

position,
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[0051] Reduced vertical stabilizer height or no vertical stabilizer using vectored thrust for
yaw stability and engine inoperative operations would reduce weight and drag reducing fuel

required increasing payload and revenue.

[0052] The single pilot cockpit 70 design for single pilot flight provides an aerospace plane 1
that can be: | ‘
a. Capable of single pilot operation capable for takeoff and landing; and

b. Therefore, only 4 crew required on extreme range flights in excess of 20hrs.

[0053] It would also be advantageous if the aerospace plane 1 included electric traction
landing gear motors (not shown) powered by an Auxiliary Power Unit (APU) on the gfound
before engine 10 start. This will help: | "

a. taxi with engines 10 shutdown for fuel saving;

, b. To spin wheels (not shown) up before touchdown reducing wheel wear and tear at

touchdown thereby reducing wheel damages; ' ‘

c. Wheel spin up before touchdown prevents hydroplaning in adverse weather
conditions enhancing safety; and »

d. Reduce ground handling jet blast issues enhancing safety.

[0054] The present invention, at least in a preferred embodiment, provides enhanced aircraft
autonomy requiring minimal ground suppbrt and reducing ground handling expenses such as
anti-iciné and de-icing costs. This can be achieved by:

a. Pre-heating the fuel before aircraft refuelling for autonomous de-icing/anti-ice on
the ground; ‘

b. Directing cabin conditioned air and engine bleed air into the wing 3 space to ensure
the aerospace plane’s skin is at or above 10°C to de-ice and anti-ice the aerospace plane 1;

¢. Internally heated fuel - the fuel transfer system (not 'shown) distributes heated fuel
against the wing 3 upper surface for de-icing;

d. Fuel tanks (not shown) are pressurized to cabin differential to ensure fuel remains
above fuel freeze point; | v

e. Fuel tank pressure differential for fuel transfer to ensure rapid aerospace plane CG
management;

f Fuel transfer valves designed for efficient fuel transfer for CG management, and
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g. Wing space/ducting to allow the free flow of cabin outflow air for heating fuel
during high altitude flight.

[0055] The aerospace plane 1 could also include air suspension engine mounts (not shown)

for passenger cabin noise and vibration reduction.

[0056] Soft switches (Graphic User Interface - GUI) and switch execution in checklists would
be integrated into Cockpit Engine Warning Displays (EWD), Systems Displays (SD), and into
Multi Function Displays (not shown) to minimize physical switches on instrument, centre and

overhead panels.

[0057] The optimum AC, CG relationship for the AeroSpace plane 1, is relaxed stability or
the AC forward of or coincident with CG. The AC aft or behind CG is counterproductive in

terms or aerodynamic efficiency but the aerospace plane 1 is capable of flying in this regime.

[0058] In flight, the centre of gravity (CG) is positioned slightly aft of aerodynamic centre

(AC) to ensure the stabilon 34, multi-axis thrust technology and the forward elavon 30

(integrated into the leading edge extension [LEX]) are in the minimum drag/optimum lift

position. The benefit of AC coincident with CG is that the whole aircraft 1 is a lifting body as
opposed to the standard aircraft. For example in the Airbus A380 the horizontal stabilizer is

| creating a ‘downward balancing force’. The resulting benefit of a relaxed stability aefospace

plane 1 is signiﬁcat)ltly less ‘drag’, increased payload and range due to reduced fuel

consumption and less fuel required for a given distance and payload.

[0059] Elavons 30 are incorporated into the Leading Edge Extehsions (LEX) and stabilons 34

in the tail 50 of the aerospace plane 1 to assist efficiencies.

[0060] Positioning the elavon 30 forward integréted into the LEX will result in a Coefficient
Moment (Cy) sufficient to manage an AC forward of CG and makes the aircraft pilot flyable in
event of direct flight control law requirement. Direct flight control law is where the pilot flight -

control inputs are not modified by computer software.
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[0061] The fuel transfer proposed to manage CG will establish the stabilon 34 position to
produce optimum lift and minimum drag. The following sequence for example will result in
optimum aerospace plane lift configuration:

a. The elavon 30, LEX énd forward fuselage 2 produce lift; '

b. Fuel is positioned by differential air pressure between fuel tanks provided by cabin
outflow air or by fuel pumps to optimize the CG position; .

¢. Multi-axis vectored thrust will also have a slight nose down Cy (Coefficient
Moment) to maximize lift;

d. This sets the optimum (optimum lift, minimum drag) stabilon 34 position;

[0062] The present invention in a preferred embodiment also includes optimum flight control
sensor signals having: \

a. alight frequency generator and sensor Figure 5 which will measure the optimum
ﬂight control position and this will be the datum around which signals are sent for the optimum
fuel CG position;

b. Predictive CG positioning for phase of flight profile speeds will be utilized. For
example, in the event of accelerating supersonic the fuel/CG is transferred aft in anticipation of

the AC moving aft with the shock wave to ensure optimum flight control positioning.

[0063] As best seen in Figures 6 to 8, the Engines 10 are fitted with retractable engine intake
doors 20 in the shape of a wing cross section or the like to provide lift when the is shutdown

and the engine intake door 20 is closed.

[0064] The aerospace plane jet intakes 14 in a preferred form will be rectangular or similar
. shape to simplify intake door retraction and facilitate intake door seals (not shown). Engine
intake doors 20 allow for engine 10 shut down inflight to rcduce fuel flow. The 3 engine
configuration for an alrcraﬂ this size which would normally only require 2 engines. This also
helps with: ‘ '

a. take off performance requires sufficient thrust (all engines 10 operating) for takeoff
in a given runway length and climb to a higher altitude FL 600; and

b. engine intake doors 20 are closed and engines 10 secured/shutdown when
established at the final cruise level (covering the engine intake) producing lift and reducing fuel

flow to achieve extreme range operations and increased payload due to less fuel required.
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[0065] Figure 6 is a side view of the engine 10 with intake doors 20 stowed, engine intake

open. Figure 7 is side view of the engine 10 with engine intake doors 20 closed.

[0066] The primary operating technique is to operate on one (center) engine 10 for a major
part of the flight to minimise fuel burn. This is known as one engine cruise. The AC remains
in approximately the same position with the engines 10 running or shutdown with engine
intake doors 20 closed. Therefore, jet engine intake through exhaust will follow a wing camber
fhat produces equal lift at cruise thrust as with the intake and exhaust doors 20 closed to

minimise the movement of fuel to manage CG position.

[0067] In a preferred form the engines would shutdown at high altitude for prolonged periods
and can reach a static air temperature (SAT) of -57°C. As cold can result in failure to relight

due to engine 10 cold soak, there is a danger the engines may not relight.

[0068] In the present invention however engine compartment pressurisation from cabin air

~ outflow using engine pressure doors 72 (as best seen in Figure 8) will prevent engine cold soak
ensuring successful engiﬁe relights. Also aé the engines 10 are fitted with rétractable engine
intake doors 20 in the shape of a wing cross section or the like they provide lift when the
engine intake door 20 is closed. In particular: -

a. Forward pressure door 72a (inside engine air intake 14) swings forward and is held
in place by the pressure differential from cabin outflow air;

b. The aft engine pressure door 72b swings forward (inside engine exhaust 14) and
locks in place using the same plug mechanism as a cabin entry/exit door 80 and is held in place
by the differential air pressure; ’

c. Cabin outflow air is routed to pressurize the engine bay to maintain the engine |
temperature at approximately 23°C to prevent engine cold soak ensuring an in flight start for

landing.

[0069] As seen in at least Figure 1 a delta wing shape is preferred. Such a shape is important
to facilitate fuel transfer/positioning for CG management, engine and engine intake door
incorporation. Multi Axis vectored thrust reduces the requirement for heavy and space
consuming hydraulic and backup flight control systems in wing outspan, reducing aerospace
plane complexity and weight making space available for fuel and therefore an increased

payload. -
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[0070] In an embodiment of the present invention can also include an enhanced cargo
handling system allowing fast freight loading through rear facing cargo access door/ramp (not

shown).

[0071] Also in an embodiment the outboard engines 10 are pointed slightly inboard to
facilitate one engine EOEC) asymmetric cruise and balanced flight in event of a vectored thrust
failure. There would also be active yaw stabilization. The multi axis thrust vectors provide a
slight low frequency yaw oscillation. Active yaw input as opposed to redctive yaw damping is

preferred.

[0072] The invention éan also include landing gear strut weight sensors (not shown) to

provide data to position fuel for optimum CG at takeoff. -

[0073] Potable (Stainless Steel) water tanks (not shown) can surround each engine 10 for
aircraft protection and wing fuel tank/engine isolation (in the event of catastrophic engine

failure).

[0074] In one embodiment, when the aerospace plane 1, is to enter space flight a Solid
Rocket Booster (SRB) and an Argon ion accelerator rocket (Hall Effect Thrusters) or the like

(not shown) could be used to launch to orbit and space transit.

[0075] As shown in Figure 9, a turbine 100 is connected to a generator 102 and has an
expansion chamber 103 and an exhaust vent 104 forming a Reaction Control System (RCS)
exhaust. This will power the Argon ion accelerator rocket. This launch method will reduce
launch costs; lower operating costs because launch systems are retained onboard for return to

base for replenishment.

[0076] It is known that extreme cold in space requires jet fuel temperature maintained above
freezing. In the present invention, fuel will be stored in the fuselage centre wing tank of the
aerospace plane, pressurised and maintained at cabin temperature. A separate jet fuel
pressurised accumulator (similar to a hydraulic accumulator, not shown) will ensure the jet fuel

tank remains full, ameliorating the effects of weightlessness and bubble formation in jet fuel.



CA 02870808 2014-10-03

WO 2014/176622 PCT/AU2013/000348
14

[0077] A solid rocket boost (SRB) could also be employed at launch the plane 1 in

conjunction with an accelerator rocket or a chemical rocket.

[0078] It is proposed that the aerospace plane 1 fuel in most embodiments is pre-heated
before takeoff. This prevents fuel freeze in space; pre-heated fuel assists in cabin
environmental control by using a fuel/air heat exchanger; hydrogen fuel cells in jet fuel tanks
provide power: ' |

i. for the jet fuel heater element;

ii. to CO; scrubber and environmental systems;

iii.aerospace plane systems;

[0079] A heating element 200 as best seen in Figure 10 is incorporated in the jet fuel tank 202
to keep fuel 204 at a temperature above freezing, in both variants. The engine bay is
pressurised to cabin differential pressure by cabin air for the space phase. Fuel heated by the
electric element 200 is distributed by single or contra-rotating propeller 205 to ensure
homogenous fuel temperature. Cabin heating is achieved by pumping heated fuel through a

fuel/air heat exchanger.

[0080] The re-entry flight control Figure 11 and re-entry speed brake system 300 provides

pitch, roll and yaw control.

[0081] The aerospace plaﬁe 1 in an alternate embodiment could also be used as a long range
strategic strike aerospace plane. This éerospace plane is fitted with forward, side and aft air
defence radars for 360° coverage; a long aﬁd medium range radar guided and heat seeking air
to air missiles, capable of firing forward and aft; the capability to carry large and diverse

precision guided air to ground munitions.

[0082] Such a plane would be capable of operating both as a UAV (Unmanned Aerial
Vehicle) and a manned aerospace plane. The aerospace plane 1 will have approximately 24/7
airborne endurance with approximately 24 hrs between aerial rcfuelling. For example, the
airborne refueller will fly formation below and behind the aerospace plane 1. The aerospace -
plane will deploy a drogue or boom refuelling system to the trailing refuel aerospace plane for

the inflight refuelling. The UAV aerospace plane 1 will also be capable of flying formation on
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an airborne refuel tanker to minimize refuelling time. The aerospace plane will also have an

orbital military variant.

[0083] A suborbital variant of the space plane 1 would employ a three phase propulsion
system and will launch conventionally on two engines, accelerate using an SRB Solid Rocket
Booster and when appropriate engage a VASIMR (Variable Specific Impulse Magneto Rocket)

cluster with sufficient specific impulse to complete the flight phase to destination.

[0084] For the space phase a VASIMR is proposed with a turbine powered by Reaction

- Control System (RCS) fuel connected to a generator to provide energy.

[0085] Re-entry heat Will be managed by TPS (Thermal Protection System). This prevents
fuel freeze in space. The RCS power generator will storé energy in a hydraulic accumulator to
power a hydro-drive generator for sub-orbital aerospace plane power, supplementing fuel cell
power supply. Cabin heating is achieved by pumping heated fuel through a fuel/air heat
exchanger. Hydrogen fuel cells provide power: a. to heat jet fuel; b. to CO; scrubber; and c.

control systems.

[0086] Re-entry compression intake/s, provide Ram Air Turbine energy; powering and
supplementing; the re-entry RCS flight control system, and flight control/deceleration (speed

. brake) system. The re-entry flight control system provides pitch, roll and yaw control. Routes
air to an expansion tank distributing conditioned (cooling) air through ducting to internal space

next to the TPS (thermal protection system), venting hot air overboard.

[0087] Although the invention has been‘described with reference to specific examples, it will
be appreciated by those skilled in the art that the invention may be embodied in many other

forms.



16

The embodiments of the invention in which an exclusive property or privilege is claimed

and defined are as follows:

1. An aircraft having a longitudinal axis, the aircraft comprising:
a) an elongate body supporting a pair of wings, said pair of wings extending away from
said elongate body in opposing directions, and each of said pair of wings having
a trailing edge, ’ |
said trailing edge extending forward of an intersection of said elongate body and the
trailing edge, _
said trailing edge conipn'sing at least two trailing edge portions, each trailing edge
portion having an angle each with respect to the longitudinal axis forward of the
intersection, wherein said each angle is acute, and wherein said angle of the trailing
edge portion farther from said elongate body is smaller than said angle of the trailing
edge portion proximal to said elongate body,
wherein the trailing edge portion proximal to said elongate body extends directly
from said elongate body, ‘
wherein the trailing edge portion farther from said elongate body extends directly
from the trailing edge portion proximal to said elongate body, and
wherein said at least two trailing edge portions comprise a third trailing edge portion
extending directly from said trailing edge portion farther from said elongate body,
wherein a third angle formed between said third trailing edge portion and the
longitudinal axis, facing a front end of the aircraft, is an acute angle, and wherein the
third angle is smaller than said angle of the trailing edge portion farther from said
elongate body;
b) a landing gear assembly operatively associated with said elongate body and
moveable from a retracted position, where said landing gear assembly is substantially
located within said elongate body, to an extended position, where said landing gear
assembly extends at least partially outward and away from said elongate body;
¢) jet engine adapted to generate thrust, said jet engine located within an intake housing
adapted to direct air into said jet engine, said intake housing having at least one inlet
door adapted to move from a fully open position, which allows air to pass into said jet
engine, to a sealingly closed position, which prevents air from flowing into said jet

engine when said jet engine is shut down during flight;
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d) a pair of first stabilizers, with each of said pair of first stabilizers mounted to each of
Said pair of wings, and said pair of first stabilizers adapted to assist with movement of
said aircraft during flight; and
e) front and aft engine pressure doors located within said intake housing, said front and
aft engine pressure doors adapted to maintain engine temperature when said jet engine
is shutdown by sealing said jet engine, said front and aft engine pressure doors adapted
to allow air pressure from a cabin air outflow to increase the air pressure in an area
surrounding said jet engine inside each of said intake housings, and maintains a
temperature surrounding each of said jet engine which is equal to a temperature within
said cabin |
wherein said aircraft has a center of gravity and an aerodynamic center during flight,
and said aerodynamic center is located forward of said center of gravity when said

. aircraft is operating at subsonic and superéonic speeds.

2. An aircraft comprising:

- an elongate body having front end, a rear end, a longitudinal axis, a center of gravity
(CG), and an aerodynamic center (AC), the front end comprising a nose, and the rear
eild cOmprising a tail; 4
at least two wings comprising a first wing and a second wing, each of the first wing and
the second wing extending away from the elongate body and afranged symmetrically
about the longitudinal axis, wherein each of the first wing and the second wing
comprises:

a trailing edge extending from the elongate body, the trailing edge comprising at least
two trailing édge portions comprising a first trailing edge portion and a second trailing
edge portion, the first trailing edge portion is closer to the elongate body than the
second trailing edge portion,

wherein a first angle formed between the first trailing edge portibn and the longitudinal
axis, facing the front end, is an acute angle,

wherein a seéond angle formed between the second trailing edge portion and the
longitudinal axis, facing the front end, is an acute angle,

wherein the second angle is smaller than the first angle,

wherein the first trailing edge portion extends directly from the elongate body,
wherein the second trailing edge portion extends directly from the first trailing edge

portion, and

AHYNAMTIIL? 1IN EL

CA 2870808 2020-03-25



18

wherein the at least two trailing edge portions comprise a third trailing edge portion
extending directly from the second trailing edge portion, the third trailing edge portion
farther from the elongate body than the second trailing edge portion, wherein a third
angle formed between the third trailing edge portion and the longitudinal axis, facing
the front end, is an acute angle, and wherein the third angle is smaller than the second
angle; and _
at least two jet engines comprising a first jet engine and second jet engine, the first jet
engine secured to the first wing, and the second jet enginé secured to the second wing.
3. The aircraft of claim 2, further comprising:
at least two intake housings comprising a first intake housing and second intake
housing, the first intake housing secured to the first wing and at least partially enclosing
the first jet engine, the second intake housing secured to the second wing and at least
partially enclosing the second jet engine, each of the at least two intake housings
comprising:
at least one front pressure door located forward of the corresponding jet engine, and
at least one aft pressure door located behind the corresponding jet engine.
4. The aircraft of claim 3, wherein each of the pressure doors is configured to allow air pressure
from a cabin air outflow to increase the air pfessure within an area surrounding the
corresponding jet engine inside the correspondingvintake housing,
wherein the increased air pressure in the area surrounding the corresponding jet engine
maintains the temperature of the air surrounding the corresponding jet engine equal to
the temperature of the cabin air outflow,
wherein each of the pressure doors is adapted to stay in place by pressure differential
from the cabin outflow air, and
wherein each of the pressure doors, when held in place, prevents air from entering in to
the corresponding jet engine and shuts down the corresponding jet engine.
5. The aircraft of claim 3, further comprising at least one retractable inlet door adapted to move
between an open position and a closed position, wherein in the open position, each of the
intake housings directs air to the corresponding jet engine, and in closed position, each of the
intake housing prevents air from entering the corresponding jet engiﬁe.
6. The aircraft of claim 5, wherein, when the aircraft is in flight,
the at least one retractable inlet door is in the closed position preventing air from

eritering the corresponding at least one jet engine,
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the at least one front pressure door and the ét least one aft pressure door are positioned
to allow air préssure from a cabin air outflow to increase the air pressure within an area
surrounding the corresponding jet engine inside the corresponding intake housing, and
maintain the temperature of the air surrounding the corresponding jet engine equal to
the temperature of the cabin air outflow.
7. The aircraft of claim 2, further comprising:
a third jet engine secured to the elongate body proximate the tail; and
a third intake housing comprising secured to the elongate body proximate the tail and at
least partially-enclosing the third jet engine, the third intake housing comprising:
at least one front pressure door located forward of the third jet engine, and
at least one aft pressure door located behind the third jet engine,
wherein each of the pressure doors is configured to allow air pressure from a cabin air
outflow to increase the air pressure within an area surrounding the third jet engine
inside the third intake housing,
wherein the increased air pressure in the area surrounding the corresponding jet engine
maintains the temperature of the air surrounding the corresponding jet engine equal to
~ the temperature of the cabin air outflow,
wherein each of the pressure doors is adapted to stay in place by pressure diffcrentiél
from cabin outflow air, and |
wherein each of the pressure doors, when held in place, prevents air from entering in to
the third jet engine and shuts down the third jet engine. |
8. The aircraft of claim 2, further comprising a fuel tank connected to at least one of the at least
two jet engines, the fuel tank comprising a heater, the heater configured to heat fuel when thé
fuel is filled in the fuel tank.
9. The aircraft of claim 8, wherein the at least two wings are adapted to allow for distribution
_of the heated fuel about an -upper surface of each of the at least two wings.
10. The aircraft of claim 2, further comprising:
at leaSt two wing-mounted stabilizers comprising a first wing-mounted stabilizer and a
second wing-mounted stabilizer, each of the at least two wing-mounted stabilizers
configured to move upward and downward.
11. The aircraft of claim 10, further comprising:
a cockpit formed proximal to the front eﬁd; and

at least two elevators cbmprising a first elevator and second elevator,
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each extending horizontally from the elongate body and away from the longitudinal
axis, and symmetrically about the longitudinal axis, .
each located between the cockpit and in front of the at least two wings, each elevator
serving as a canard.
12. The aircraft of claim 11, wherein each of the at least two elevators are angled backward
towards the rear end of the elongate body by an elevator angle with respect to the rear
longitudinal axis between about 30° to about 75°.
13. The aircraft of claim 11, wherein the at least two elevators and the at least two wing-
mounted stabilizers cooperate to assist in controlling stability of the aircraft.
14. The aircraft of claim 2, wherein each of the at least two jet engines comprises multi-axis
vectored thrust technology, and wherein each of the at least two jet engines is capable of
changing a direction of thrust with respect to the longitudinal axis to cause the aircraft to pitch
up, down, left, or right. '
15. The aircraft of claim 14, wherein, in flight, the aircraft is configured to move the nose up or
down using the multi-axis vectored thrust, to maintaih steady flight.
16. The aircraft of claim 2, wherein the AC is located forward of the CG.
17. The aircraft of claim 2, wherein each of the trailing edge portions have a straight profile.
18. The aircraft of claim 17, further comprising: ’
at least two intake hoﬁsings comprising a first intake housing and second intake
housing, the first intake housing secured to the first wing and at least partially enclosing
the first jet engine, the second intake housing secured to the second wing and at least
partially enclosing the second jet engine, each of the intake housings comprising:
at least one front pressure door located forward of the corresponding jet engine, and
at least one aft pressure door located behind the corresponding jet engine,

- wherein each of the pressure doors is configured to allow air pressure from a cabin air
outflow to increase the air pressure within.an area surrounding the corresponding jet
engine inside the corresponding‘intake housing,
wherein each of the pressure doors is adapted to stay in place by pressure differential
from the cabin outflow air, and '
wherein the increased air pressure in the area surrounding the corresponding jet engine
maintains the temperature of the air surrounding the corresponding jet engine equal to

the temperature of the cabin air outflow;
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‘at least two wing-mounted stabilizers comprising a first wing-mounted stabilizer and a
second wing-mounted stabilizer, each of the at least two wing-mounted stabilizers
configured to move upward and downward; and
at least one retractable landing gear assembly operatively associated with the elongated
body and positioned under the elongated body, wherein the landing gear assembly is
retractably enclosed within the elongated body,
wherein the trailing edge extends from a point of intersection of the traiiing edge and
the elongate body, the trailing edge lying forward of the point of intersection, and

wherein the AC is located forward of the CG.
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Figure 1
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