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AIRCRAFT AIRFRAME ARCHITECTURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application discloses subject matter related to
copending United States patent application entitled, “AIR-
CRAFT PROPULSION SYSTEMS”, having assignee
docket number PA-0002302-US and filed concurrently here-
with, the contents of which is herein incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The invention relates to the airline industry in gen-
eral and more specifically to aircraft airframe architectures
with reduced fuel burn and weight.

[0004] (2) Description of the Related Art

[0005] As illustrated in FIGS. 1-2, commercial aircraft air-
frames 20 have a central fuselage 22 for carrying passengers
and cargo, wings 24 extending outwardly from the fuselage
22 for providing lift, a rear mounted tail 26 and variable
surfaces 28 for controlling the aircraft. Typically, one or more
propulsion systems 30 mounted in various arrangements
power the airframe 22. The propulsion systems 30 may be
mounted alongside the rear portion of the fuselage 22 (FIG.
1), mounted in the tail 26 or they may be suspended beneath
the wings 24 from pylons 32 (FIG. 2). For example, McDon-
nell Douglas DC-9 and MD-80 style aircraft models have
propulsion systems 30 mounted alongside the rear portion of
the fuselage 22. McDonnell Douglas MD-11 and Lockheed
L-1011 style aircraft models have propulsion systems 30
mounted under the wings 24 and inside the tail 26. Boeing
B-747 and Airbus A-380 style aircraft have propulsion sys-
tems 30 suspended beneath the wings 24 only. Although these
aircraft are exemplary, other aircraft styles exist. The propul-
sion systems 30 are usually streamlined with outer cowlings
34, oftentimes referred to as nacelles, to reduce aerodynamic
drag. In each of the above prior art propulsion systems 30, a
bladed propulsion element 36 such as a propeller or fan is
driven by a dedicated gas generator core 38.

[0006] Airframe 20 aerodynamic efficiency and weight are
extremely important to all airline operators. Estimates indi-
cate that aviation fuel charges represent approximately thirty
percent of an operator’s yearly recurring costs. Since the
airframes 20 operate for extended periods, reductions in fuel
burn or weight can save an operator considerable money over
the lifetime of the airframe 20.

[0007] As illustrated in FIG. 3, a conventional propulsion
system 30 has a large diameter bladed propulsion element 36
that is forward of a gas generator core 38. These propulsion
systems 30 are referred to as high bypass ratio turbofans and,
due to their low fuel burn, are now commonplace throughout
the commercial airline industry.

[0008] The bladed propulsion element 36 of the lower half
of FIG. 3 is directly coupled to a turbine 40 in the rear of the
propulsion system 30 via a primary shaft 42. Expanding core
gases 44 rotate the turbine 40, thus providing the necessary
energy to drive the primary shaft 42, which rotates the bladed
propulsion element 36. Since the bladed propulsion element
36 is directly coupled to the turbine 40, the bladed propulsion
element 36 rotates at a relatively high speed. The high speed
of the bladed propulsion element 36 produces very high ten-
sile loads on the other rotational components, so these com-
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ponents are considerably larger and heavier to prevent failure.
The added thrust of a larger bladed propulsion element 36 is
often negated by the weight increase, making ever-larger
bladed propulsion elements 36 an unattractive alternative for
reduced fuel burn. The speed at which a large bladed propul-
sion element 36 rotates is also too fast for optimum aerody-
namic efficiency and wing 24 to runway clearance is a limi-
tation as well.

[0009] An alternative propulsion system 30 architecture is
called a Geared TurboFan (GTF) and is shown in the upper
half of FIG. 3. Here, the turbine 40 drives a large bladed
propulsion element 36 at a slower speed through a reduction
gearbox 46. The turbine 40 drives the bladed propulsion
element 36 without excessively loading the rotational com-
ponents. By turning the bladed propulsion element 36 at a
slower speed than the turbine 40, the bladed propulsion ele-
ment 36 operates at its optimum aerodynamic efficiency as
well. Although the GTF provides benefits over other high
bypass ratio turbofans, the wing 24 to runway clearance ulti-
mately limits the maximum obtainable bladed propulsion
element 36 diameter.

[0010] While the above-described airframes 20 provide
some reduction in fuel burn and weight; however, each
requires a dedicated gas generator core 38 to drive the bladed
propulsion element 36. The larger bladed propulsion element
36 size and reduction gearbox 46 also increases the weight of
the airframe 20. Improved airframes 20, which further reduce
fuel burn and weight over the current state of the art, are
therefore needed.

BRIEF SUMMARY OF THE INVENTION

[0011] In accordance with the present invention, there is
provided improved aircraft airframe architectures. A fuselage
internally accommodates a single gas turbine core, which
remotely drives multiple bladed propulsion elements. The
bladed propulsion elements may be fans or propellers. The
gas turbine core includes a forward compressor and a rear-
ward turbine joined by a primary shaft. An outer cowling
extends from the fuselage into an ambient air stream and
houses the bladed propulsion elements. The bladed propul-
sion elements discharge the ambient air stream as a core
stream portion and a bypass stream portion. A duct directs the
core stream portion to the compressor.

[0012] A primary advantage of the present airframe archi-
tecture is the reduced fuel burn and weight attributed to the
fuselage accommodating a single gas generator core for driv-
ing multiple bladed propulsion elements.

[0013] These and other objects, features and advantages of
the present invention will become apparent in view of the
following detailed description and accompanying figures of
multiple embodiments, where corresponding identifiers rep-
resent like features between the various figures.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0014] FIG. 1 illustrates a prior art aircraft airframe with a
conventional, rear-mounted propulsion system;

[0015] FIG. 2 illustrates a prior art aircraft airframe with
conventional, wing-mounted and tail-mounted propulsion
systems;
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[0016] FIG. 3 illustrates a split sectional view of a prior art
gas turbine engine with a direct drive bladed propulsion ele-
ment on the lower half and a gear driven bladed propulsion
element on the upper half;

[0017] FIG. 4 illustrates a simplified, top sectional view of
an aircraft airframe according to an embodiment of the
present invention; and

[0018] FIG. 5 illustrates a detailed top sectional view of the
airframe of FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Anaircraft airframe 20 according to an embodiment
of'the present invention is illustrated in FIG. 4. Those skilled
in the art will recognize a central, tubular fuselage 22 for
carrying passengers and cargo, wings 24 extending outwardly
from the fuselage 22 for providing lift, a rear mounted tail 26
and variable surfaces 28 for controlling the airframe 20.
Within the fuselage 22, in an internal mounting arrangement,
is a propulsion system 30 including a single gas generator
core 38. The core 38 drives multiple bladed propulsion ele-
ments 36 through a power train 48. In a preferred embodi-
ment, the propulsion system 30 is mounted internally within
the fuselage 20, proximate the tail 26 section.

[0020] Directing your attention now to FIG. 5, further
details of the airframe 20 and associated propulsion system
30 are illustrated. The core 38 includes a forward compressor
56 for compressing a core stream 54, a central combustor 58
where fuel is added and the mixture is burned and a rear
turbine 40 for extracting energy from the expanding core
gases 44. The turbine 40 drives the compressor 56 via a
primary shaft 42, which rotates about a longitudinal core axis
62. Although shown schematically in the figures, it is under-
stood that the compressor 56 and turbine 40 typically contain
alternating stages of blades and vanes. Also, concentric pri-
mary shafts 42 (not shown) may independently connect cer-
tain numbers of these stages.

[0021] The bladed propulsion elements 36 are driven by the
core 38 through a power train 48. A bolted flange, universal
joint, spline or other means 66 couples the core 38 to a
primary gearbox 64. The primary gearbox 64 permits the core
38 to drive two or more drive shafts 68 extending outwardly
from the primary gearbox 64. A bolted flange, universal joint,
spline or other means 66 couples each of the drive shafts 68 to
a secondary gearbox 70. A clutch, shear pin or other frangible
means 72 is disposed between the primary gearbox 64 and
each secondary gearbox 70. The frangible means 72 isolates
the primary gearbox 64 in the event of a bladed propulsion
element 36 or secondary gearbox 70 failure. Each secondary
gearbox 70 permits a drive shaft 68 to drive a bladed propul-
sion element 36 extending forwardly from the secondary
gearbox 70.

[0022] The bladed propulsion elements 36 each comprise a
plurality of circumferentially distributed blades 74 extending
radially outwardly from a central hub 76. The bladed propul-
sion elements 36 rotate about a bladed propulsion element
axis 78 that is not coaxial with the core axis 62. In a preferred
embodiment, the bladed propulsion element axis 78 is paral-
lel with the core axis 62. The bladed propulsion elements 36
are disposed outboard of the fuselage 22 and the blades 74
impart energy to an ambient air stream 50, which is dis-
charged rearward.

[0023] A splitter 80 spans between the compressor 56 and
the secondary gearboxes 70. The splitter 80 apportions the
rearward discharged ambient air stream 50 into a bypass
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stream 52 and a core stream 54. The bypass stream 52 portion
is directed rearward through a bypass duct 82 to an exhaust
nozzle 84 at the rear of the fuselage 22 for use as thrust. The
core stream 54 portion is directed rearward through an inlet
duct 86 to the compressor 56. A bypass stream 52 to core
stream 54 ratio of up to about 5:1 is possible with the present
airframe 20 embodiment.

[0024] An outer cowling 34 extends radially outwardly
from the fuselage 22 to separate the bypass stream 52 from the
ambient air stream 50 and to reduce the aecrodynamic drag of
the airframe 20. Preferably, the outer cowling 34 extends
radially outwardly from the sides of the fuselage 22. A mixer
88 merges the radially outer bypass stream 52 with the radi-
ally inner core gases 44, ahead of the nozzle 84. The mixer 88
reduces jet noise by providing a more uniform velocity profile
of'the core gases 44 exiting the nozzle 84.

[0025] According to the foregoing airframe 20 embodi-
ment, each drive shaft 68 rotates about a longitudinal, drive
shaft axis 96. The driveshaft axes 96 are not parallel to the
core axis 62 and in some embodiments the driveshaft axes 96
are perpendicular to the core axis 62. In the embodiment
illustrated, the driveshaft axes 96 are coplanar with the core
axis 62, but in certain applications, they may not be coplaner.
The primary 64 and secondary 70 gearboxes provide the
flexibility of tailoring the bladed propulsion element 36 speed
and direction. Gearboxes 64, 70 provide optimal compressor
56 and turbine 40 speeds, while simultaneously providing
optimal blade 74 speed for improved efficiency. The bladed
propulsion element 36 direction is tailored to suit each par-
ticular application. For instance, the bladed propulsion ele-
ments 36 may counter rotate or co rotate as required.

[0026] The present airframe 20 provides reduced fuel burn,
weight and cost by internally accommodating a single gas
turbine core 38 in the fuselage 22. Because only a single core
38 is required to drive multiple bladed propulsion elements
36, the fuel burn, weight and cost of the airframe 20 is sub-
stantially reduced over conventional airframes 20.

[0027] Other alternatives, modifications and variations will
become apparent to those skilled in the art having read the
foregoing description. Accordingly, the invention embraces
those alternatives, modifications and variations as fall within
the broad scope of the appended claims.

What is claimed is:

1. An aircraft airframe, said airframe accommodating a
single gas generator core including a forward compressor
driven by a rearward turbine about a core axis and configured
to remotely drive multiple bladed propulsion elements, about
bladed propulsion element axes that are not coaxial with the
core axis, said airframe comprising:

a fuselage for internally accommodating the core;

an outer cowling extending radially outwardly from said

fuselage, said outer cowling accepting an ambient air
stream and accommodating the bladed propulsion ele-
ments therein; and

an inlet duct, wherein said inlet duct directs a portion of the

ambient air stream, rearwardly discharged by the bladed
propulsion elements, to the core.

2. The airframe of claim 1, further comprising a bypass
duct, wherein said bypass duct directs a bypass portion of the
ambient air stream, rearwardly discharged by the bladed pro-
pulsion elements, to an exhaust nozzle.

3. The airframe of claim 2, further comprising a splitter,
said splitter separating said inlet duct from said bypass duct.
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4. The airframe of claim 3, further comprising a mixer, said
mixer disposed in said bypass duct.
5. The airframe of claim 4, wherein said exhaust nozzle is
disposed rearward of said mixer.
6. The airframe of claim 1, wherein said outer cowling
extends from the sides of the fuselage.
7. An aircraft airframe comprising:
a fuselage for accommodating a gas generator core inter-
nally therein;
an outer cowling extending radially outwardly from the
fuselage, said cowling accepting an ambient air stream
and accommodating therein multiple, bladed propulsion
elements remotely driven by the core; and
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an inlet duct coupling said outer cowling, rearward of the

bladed propulsion elements, to the core.

8. The aircraft airframe of claim 7 further comprising a
splitter, said splitter separating said inlet duct from a bypass
duct.

9. The aircraft airframe of claim 8, wherein the bypass duct
extends rearward to an exhaust nozzle.

10. The aircraft airframe of claim 9, further comprising a
mixer disposed in the bypass duct, forward of the exhaust
nozzle.

11. The aircraft airframe of claim 7, wherein said outer
cowling extends from the sides of said fuselage.
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