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(57) Abstract: A third stream duct producing a third air stream at reduced pressure that 1s exhausted through a separate nozzle that is
concentric with the main or primary engine nozzle. The third stream exhaust air from the separate concentric, nozzle 1s exhausted to
a location at which pressure 1s ambient or sub-ambient. The location at which the third stream air 1s exhausted contributes to the
thrust of the aircratt. The airstream from the third air duct 1s exhausted through an exhaust nozzle ot the third duct that is positioned
at the interface between the aft of the airframe and the leading edge of the engine outer flaps. This location 1s a low pressure region
that has a recirculation zone. The exhaust of third stream air to this low pressure region substantially reduces or eliminates this recir -
culation zone and associated boat tail drag, thereby improving the etficiency of the engine.
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SECONDARY NOZZLE FOR JET ENGINE

FIELD OF THE INVENTION

[0002] The present invention 1s directed to a three stream turbofan engine, and

specifically to exhausting third stream flow over a low pressure region.
BACKGROUND OF THE INVENTION

[0003] Most aircraft engines finding use in military applications, such as air
combat, reconnaissance and surveillance, are augmented turbofans. Augmentation

provides additional thrust for the aircraft when called upon, that is, on-demand.

[0004] All turbotan engines include at least two air streams. All air utilized by the
engine initially passes through a fan, and then it is split into the two air streams. The
inner air stream 1S referred to as core air and passes into the compressor portion of the
engine, where 1t is compressed. This air then is fed to the combustor portion of the
engine where 1t 1s mixed with fuel and the fuel is combusted. The combustion gases
then are expanded through the turbine portion of the engine, which extracts energy
from the hot combustion gases, the cxtracted energy being used to run the compressor
and the fan and to produce electrical power to operate accessories. The remaining hot
gases then flow into the exhaust portion of the engine, producing the thrust that

provides forward motion to the aircraft.

[0005] The outer air flow stream bypasscs the engine core and is pressurized by
the fan. No other work is done on the outer air flow stream which continues axially
down the engine but outside the core. The bypass air flow stream also can be used to

accomplish aircraft cooling by the introduction of heat exchangers in the fan stream.
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Downstream of the turbine, the outer air flow stream 1s used to cool the exhaust
system. When additional thrust is required (demanded), some of the fan bypass air
tlow stream 1s redirected to the augmenter where it 1s mixed with core flow and fuel

to provide the additional thrust to move the aircraft.

[0006] At the rear of the exhaust, a convergent-divergent (C-D) nozzle sets the
correct back pressure so that the core runs optimally. The C-D nozzle accomplishes
this by choking the gas flow through the nozzle throat, A8, and varying A8 as

required to set the required mass flow.

[0007] Certain variable cycle aircraft engines achieve relatively constant airflow
as thrust 1s varied by changing the amount of fan bypass flow utilizing a third duct.
Aircraft utilizing these variable cycle engines are able to maintain inlet airflow at
subsonic power settings more efficiently and over a broader flight envelope. One

particular type of variable cycle engine is referred to as a FLADE™

engine,
FLADE™ being an acronym for “blade-on-fan” and is characterized by an outer fan
duct which tlows air into a third air duct, the outer fan duct being generally co-annular
with, and circumscribing the inner fan duct, which in turn, is co-annular and
circumscribes the core. This third airstream is pressurized by a blade-on-fan
arrangement as set forth in prior art FLADE™ disclosures. The FLADE™ blades are
radially outward of and directly connected to rotating fan blades, the fan blades

assembled to a disk mounted on a shaft. The position of the FLADE™ js a design

consideration, the design selected based on the temperature and pressure of the

FLADE™ air (third stream air) desired. The trade-off is based on the fact that a
higher pressure of FLADE™ operating air produces FLADE™ operating air with a
higher temperature. U.S. Patent No. 5,404,713 issued to Johnson on April 11, 1995,

assigned to the Assignee of the present invention.

[0008] In these variable cycle designs, the inlet air can be split to form a third
stream of air, which is 1n addition to the bypass and core. This third stream of air may
be provided at a lower temperature and pressure than either the core air stream or the

bypass air stream discussed above. The pressure of this third stream of air can be
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increased, while still maintaining it at 3 temperature and pressure below the bypass air
stream, using the blade-on-tan or FLADE™ airfoi] and duct. Prior art third stream air
tiows have been exhausted inio the core exhaust either just fore or aft of the C-D
nozzie. However, placement of heat exchangers within the third air stream in recent
embodiments to take advaniage of the low temperatures of the air flowing n the third
stream duct or FLADE™ duct have resulied in pressure drops of the air in the third
stream duct or FLADE™ duct. The changes in pressure by the introduction of heat
gxchangers have resulted in the inability to exhaust the third stream air into the core
exhaust at condifions m which exhaust pressure is high, such as at high power
operation, and the inlet pressure to the third stream is low, such as low Mach points.
The result would be cessation of flow of atr, or insufficient tlow of air, in the third
strearn duct under these flight conditions, which could result in stagnation of air flow
in the third stream duct and even backfiow of gases {reversal of flow). Stagnation of
the third stream flow air can lead to stall conditions on the blade-on-fan arrangement
under ceriain circumstances, resulting in possible hardware damage and additional

drag on the aircrafl due to {an wlet spill drag.

LHE What 1s needed 18 an arrangement 1in which the third stream duct air can be
exhausted continuously so that there is no cessation or significant reduction of air
flow in the third stream duct or in the FLADE™ duct at any operational conditions of
the engine, as insuiticient air flow could adversely atfect cooling of heat exchangers
or other hardware dependent on thurd stream air for cooling. Ideally, the third stream
duct air How should be exhausied t0 a low pressure region in a manner that will add

thrust and operability {o the aircrafi.
BRIEF DESCRIPTION OF THE INVENTION

{B010] An aircrafl engine for a high performance military aircrafl 18 provided.
High performance military aircrafl include but are not limited to fighters and
reconnaissance aircraft. The high performance aircraft engine of the present invention
inciudes a third stream duct producing a third air stream af reduced pressure. This
third stream air 1s exhausted through a separate nozzle that is concentric with the main

nozzie. The core siream and bypass are exhausted through the primary exhaust nozzle

S
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and the third stream air 18 exhausted separately through a secondary nozzle. The third
siream air from the separaie concentric nezzle is exhausted to a location at which the
pressure is ambient or sub-amnbient. The location at which the third stream air is
exhausted should allow coninbution to the thrust of the awcrafl, so that high
efficiency is maintained. The air stream from the third air duet or FLADE™ duct is
exhausted through an exhaust nozzle aft of the third duct or FLADE ™ duct, also
reterred o as a secondary nozzie. This third siream exhaust nozzle i1s positioned at the
interface between the aft of the airframe and the leading edge of the engine outer
tlaps. Some engines that are housed in an engine bay have a bay ventilation slot, and
the third stream exhaust nozzle 1s positioned adiacent to the bay ventilation slot
between the engine nozzie and the airframe. In both variations, third stream air of

FLADE™ duct air exhausts through the secondary nozzle over the outer flapis}.

L2y By exhausting the third air stream through the secondary exhaust nozzle
over the outer flaps, significant improvements in engine operation over a conventional
furboian engine can be realized. The third air duct or FLADE™ duct can provide
increased cooling capacity without concerns for air stagnation or backflow due to the
tow pressure of the air, since this low pressure air, which is still above ambient, can
be expelied. The heat exchangers can reliably be depended upon to provide extensive

cooling (o electrical systems.

0012} The exhaust of third stream or FLADE™ air allows the core to run at
higher temperatures since the reliable supply of cooler third stream cooling air allows
for protection of the turbine. Heat exchangers in the third siream can be used to
reduce the temperature of the turbine cooling air and allow the turbine hardware to

survive in the increased temperature environment,

{013] Finally, the third duct or FLADE™ duct now can be relied upon not only
to exhaust the cooler, low pressure third stream air or FLADE™ Jduct air
confinuously, but also {0 mmtake the air at the mlet. The third duct or FLADE™ duct
now accepts much of the mlet wall distortion and minimizes the inlet distortion on the
tan, the core or bypass air. This allows the fan and core/compressor to operate with

less stall margin, When the fan and core operate at less stall margins, the engine can

A



CA 02910833 2015-10-295

WO 2015/012920 PCT/US2014/035499

operate at higher pressure ratios, which translates mto greater thrust and efficiency.
Also, the exhausting of air through the nozzle of the third stream duct or FLADE™
duct over the outer flaps additionally reduces boat {ail drag while producing a more

stable fiow ficld over the outer flaps.

{3014] {ther features and advantages of the present wnvention will be apparent
from the following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings which tHustrate, by way of example, the

principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

(0015] Figure 1 1s a depiction of a jet aircraft showing the varying pressure across

the awrcrafl for a given flight condition.

10016} Figure 2 18 a cross sectional view of the exhaust portion of a jet engine also
depicting the airframe tratling edge and bay ventiation slot, showing the outer flaps in
two different postlions, a first position with maximum throat area corresponding to
augmented engine operation and a second position with mimimum throat area

corresponding to max dry power or loiter engine operation.

{6017} Figure 3 15 a velocity vector diagram n the region of the outer flap. Figure
3{a} depicts the protile in accordance with a prior art third duct exhaust, and Figure
3{b} depicts the profile in accordance with the third duct exhaust nozzie of the present

invention,

(30 18] Figure 4 1s a cross-section of a prior art furbofan engine having a core air

siream and a bypass air siream.

{G019] Figure 518 a cross-section of an engine equipped with the third stream duct

of the present invention showing air flow i the engine fore of the exhaust.

G020} Figure 618 a cross-section of an engine equipped with the third stream duct
of the preseni mvention showing the third stream air duct or FLADE™ dugt

exhausting third stream air through the third stream nozzle adjacent to the bayv siot

5.
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over the outer engine flap(s).

tHira g Figure 7 depicts a vaniable exhaust nozzie for a third siream duct or

FLADE™ duct that includes a nozzle valve (o vary the exhaust gas exit area.
DETAILED DESCRIPTION OF THE INVENTION

180221 In modern highter atrcrafi, the engine may be installed in an engine bay of
the aircrafl, and a gap exisis between the engine and the atrerafl structure, Air flows
through this gap and the air flowing though this gap exits or exhausts at the leading
edge of the outer flaps where the air pressure is at ambient or sub-ambient conditions.
Figure 1 depicts the pressure contours along the exterior of a jet 10, The low pressure

region is shown along outer flaps 12 of engine 14 at a predetermined speed.

{3023 The differences between the turbofan of the present invention having the
FLADE™ air stream and a conventional turbofan engine having two atrstreams can
be appreciated with reference to Figure 5, which depicts a turbofan that includes a
FLADE™ duct or third stream duct and Figure 4, which depicts a conventional
turbofan engine. FLADE™ duct and third stream air duct, as well as FLADE™ air
stream and third air stream may be used interchangeably herein, the differences
between the two being the pathway that cooling air enters the duct. However, the
structures and methods set forth herein are directed to exhausting air from the duct.

Hence, the terms are used mterchangeably.

0024} in Figure 4, air 1s drawn into engine 14 through a mulii-stage fan portion
16. As depicted in Figure 4, fan portion has three stages, although it will be
understood that fan portion 16 may include more or less than three stages.
Downstream of fan portion 16 1s compressor portion 18, After the third fan stage 20,
air 1s split between a bypass duct and compressor portion 18, core air being channeled

{3 compressor portion 18 and bypass air bemg channeled to bypass duct 22.

{3025] Core air proceeds through engine 14 in the manner well known by those
skilled 1in the art. Core air 1s fed from compressor portion 18 into combustor portion

24, where it 18 mmixed with fuel and burned. The hot gases of combustion then flow (o

B



CA 02910833 2015-10-295

WO 2015/012920 PCT/US2014/035499

turbing portion 26 where theyv are expanded. An augmenter portion 28 resides aft of
turbine portion 26 and 15 available (o provide additional power as needed, on demand,
aithough it 15 not sormally operational duning cruise mode of tight. Augmenter
portion 28 15 positioned at the front of exhaust portion 30 of engine 14, which receives
the hot gases of combustion as they exit turbine 26. At the aft of exhaust portion 30 is
a nozzie 32, which 1s a convergent-divergent {C-13} nozzle, Hot gases passing through
nozzle 32 provide thrust to move the aircrafl forward. The minumnum nozzle diameter

18 designated in Figure 4 by AS.

[3826] Bypass aw passing through bypass duct 22, as shown it Figure 4 passes
through heat exchangers 34 and along the exterior of exhaust portion 30 where it may
be used {0 cool exhaust hardware. Bypass air 1s shown being diverted into bypass duct
22 aft of third fan stage 20, although it may be diverted at an earlier or later stage,
depending on predetermined factors. In cruise mode, the bypass air flows to nozzle 32
where it exits and contributes to engine thrust. Under augmented flight mode, some of
the bypass air 15 diveried mio augmenter portion 28 where it 1s mixed with fuel and

combusted for augmented flight.

0271 Core and fan air in augmented turbolan engine can be further spilt to form
a third stream of air flowing through a third duct, which is sometimes referred to as a
FLADE™ duct when the air is supplied to the third stream using a blade-on-fan
arrangement. Alternately, the third stream may be bled from the fan at a fan stage fore
or prior to the fan stage that provides bypass air, 50 that the third stream duct and iis

air supply are not referred to as a FLADE™

siveam. Since the present nvention is
directed to exhausting air from the third duct, it is of no conseguence whether the air
in the third duct 15 sourced from a blade-on-fan arrangement or by diverting air flow
from a fan stage fore of the source of bypass air. Any arrangement that utilizes a third
duct 136 which bleeds air from the fan portion of the engine can be used in the
present invention. The air that is bled {o the third duct, or otherwise supplied to the
third duct, must have a3 lower pressure and temperature than the air that is wilized as
bypass atr. This means that the third duct must be pressurized less than the bypass air.
A conventent way of accomplishing this task 1s to bleed air or pressurize air from a
fan stage that is forward of the fan stage used for bypass air, as this air will be at a

.7-
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lower temperature and pressure. As depicted in Figure 5, for example, third duct air is
pressurized by a blade-on-fan attachment 138 associated with the second fan stage
140, although air bled from second fan stage 140 would also be effective, while
bypass aiwr 18 pressurized by bleed air from third fan stage 120, Any other arrangement
i which air supplied to third duct 136 1s sourced from a fan stage that is fore of the
tan stage for air supplied for bypass air will be effective. The selection of which stage
air for third duct 136 is drawn 1s a trade-off, as higher fan stages provide air at higher
temperatures and pressures, Higher temperatures adversely affect the cooling potential
of the air 1n the third duct 136, while higher pressures provide more thrust from the
secondary nozzie, Figure 5, a cross-section of engine 114 of awrcraft 18, depicis a
FLADE™ arrangement in which third stream air enters the third duct at the fan
portion of the engine. Core and bypass portions of the engines in Figures 4 and 5
operate in substantially the same way. Similar portions in both engines have the same
last two digits in the Figures. The third duct in the FLADE™ arrangement and the air
flowing through 1t are sealed from the core air and bypass air. The pressure of this
third stream of air is increased using the blade-on-fan arrangement 138 of FLADE™
airioil n the third duct 136. Inlet Guide Vanes (IGVs) assist in controlling the flow of
air into FLADE™ duct 136. When the engine 15 operating under cruise and loiter
conditions, the FLADE™ [GVs are rotated into a position to maximize the flow of ar
into the FLADE'™ duct. Under high cruise conditions and augmentation, these
physical settings are reversed, with the FLADE™ IGVs rotated into a position to

™
B

minimize the air How into the FLAD duct.

[BO2Z8] Prior art thurd stream air flows have been exhausted into the core exhaust
either just fore or aft of the C-D nozzle. However, placement of the heat exchangers
134 as shown n Figure 5 to take advantage of the low temperatures of the cooler air
flowing in the third stream duct 136 or FLADE™ duct have resulted in pressure drops
of the air in the third stream duct 136 or FLADE™ duct. The changes in pressure by
the introduction of heat exchangers have resulted in the mability to exhaust the third
stream air into the core exhaust under some conditions or at other typical third stream
exhaust locations because the sink pressure ai this location i1s loo high. It has been

discovered that when third stream air 1s exhausted at this location, there has been an

8-



CA 02910833 2015-10-295

WO 2015/012920 PCT/US2014/035499

unacceptable cessation of air flow in the third stream duct under some flight

conditions.

{3029 In Figure §, in which the air flow forward of the augmentor 1s depicted, the
air being drawn into FLADE™ duct 136 has its pressure increased by the operation of
blade-on-fan attachment 138 located at second fan stage 140. The air in FLADE™
duct 136 15 at a lower temperature and pressure than the air in bypass duct 122, As
previously noted, third stream air may also be diverted into third stream duct 136 fore
of the diversion of bypass air into bypass duct 122. This third air stream or FLADE™
streamn has increased cooling capability and can be used to cool extensive electrical
systems, (o smprove hardware durability and to reduce inlet distortion from the fan or
engine core allowing the fan/core to run with less stall margin. However, the reduced
pressure of the FLADE™ air stream keeps it from being introduced in the core/bypass
air stream and being accelerated through the C-D nozzle at all flight conditions i a
manner that would contribute to thrust. In such a configuration, when the reduced
pressure of the FLADE™ air stream prevents flow into the C-D nozzle, air backs up
in FLADE™ duct 136 thereby preventing FLADE™ air flow. In some circumstances,
the backpressure 1s higher than the thuird stream pressure, resulfing in flow reversal
that can produce damage {0 components in communication with third duct 136, An
alternate configuration that simply “dumps’ the third stream air fo the almosphere at
ambient pressure 1s not a desirable solution, as this imposes a serious penalty on both

performance and etficiency.

{O036] Because of the low pressures that exist in third duct 136, discharge of air
from third duct 136 must be accomplished at a location where pressure 15 lower than
i duct 136, but at a location at which a contribution may be made to thrust. Ambient
or subambient pressure exists at most, if not all, engine cycle conditions at the
interface between the engine and the nozzle. In modem fighter aircrafi, the engine
may be installed 1n an engine bay of the awrcrafl, where a gap typically exists between
the engine and the aircrafi. For a military engine having a variable cycle engine, the
discharge of third stream air over the leading edge of the outer flaps may be
successfully accomplished. Because this location allows a significant component of
the exhaust flow to be directed axially afi, and the pressure ratio through the nozzle 1s

Q..
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generally high enough to choke the nozzle, the nozzle can be designed with a high

thrust coefficient and efticiently contribute to the total thrust of the engine.

{80311 Figure 2 depicis the rear end of engine 114, showing bay ventilation slot
150, in an aircrafl having an engine bay. Il also shows one outer flap 152 in two
dgifferent positions, where AB, the area of the exhaust nozzle at thus location, 15 at a
mimimum 50 that the exhaust has minimum throat area {depicted with solid lines),
such as occurs under max dry power conditions, and at maximum throat area
{(depicted with dashed hines} such as occurs under augmented flight conditions. It will
be understood that pnimary nozzle 132 1s compnsed of a plurality of outer flaps 152,
The flow of air through ventilation slot 150 1s msignificant relative {o the free stream

velocity of gases.

(00321 In military aircrafl with or without a bay ventilation slot 1n the location
shown in Figure 2, the awcraft trathing edge 1s fixed at 3 large enough radius to fit
linkages and piping required for proper engine operation. As the nozzle area A¥
varies, outer flap 152 rotates, creating a sharp angle in the external flow path under
certain operating conditions. Configurations with bay siot 150 1n the location shown
in Figure 2 have an additional step in the external flow path. Because the air through
the bay ventilation siot 1s negligible, the slot in effect creates a step in the flow path of
the free stream air passing around the airframe. This step produces a low pressure for
exhaust of air from third duct 136. Figure 3 13 3 vector diagram showing airflow over
outer flap 152. As Figure 3 tllustrates, the step can lead to flow separation, creating a
recirculation zone 154, This 1s depicted in Figure 3{a) and resulis m a loss in total
pressure in the flow over outer flaps 152, This loss of energy 15 characterized through

boat tail drag.

{331 The third duct or FLADE™ duct 136 can exhaust o the step, taking
advantage of the low pressure zone over outer flaps 152, Because the third stream
flows more air with more energy than the bay slot, the third stream nozzle can reduce
or eliminate the recirculation zone. Figure 6 depicts exhaust nozzle 156 of third duct
136 exhausting thurd stream air over outer flaps 152, In some aircraft designs, this

exhaust may occur adjacent to bay ventilation slot 150. When exhausting the third

-4 {}=
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siveam air over outer flaps 152, the pressure rafio 1s suthiciently high to choke the flow
at most cycle conditions. This flow fills the low pressure region depicied as
recirculation zone 154 {dark blue area) in Figure 3{a}). Referring now to Figure 3{b),
the air flow from third duct nozzle exhaust 1536 over outer flaps 152, as shown in
Figure 6, reduces or climinates the recirculation zone. This creates a stable flow over
outer flaps 152 and reduces their sensilivity fo the effecis of the free siream amr
interacting with the awrframe. [ third duct nozzle 156 is a convergent-divergent
design, then at key specific fuel consumption (SFC) points such as cruise, the nozzle
accelerates airflow such that the exhaust pressure 18 nearly equal to the sink pressure,
If third duct nozzie 156 15 a convergent only design, then flow will exit with a higher
static pressure than the sink, but will guickly expand to equal the sink pressure.
However, the total pressure over the outer flaps is higher than i prior art
configurations. For some subsonic free sirearn conditions such as cruise, as the flow
passes over the flaps and mixes out, the velocity of the higher energy third stream air
decreases and the static pressure increases. This may result i higher overall pressure

over flaps 152.

1 63034] The arrangement can be analyzed using a simplilied controlled volume
formulation. The pressure on the outer flaps creates an axial force on the nozzle equal
{0 Prap-Pambient © Agap X 51 8, wWhere Pg,, = pressure exerted on the outside surface of
the tlap, Pambiem = pressure exerted on the inside surface of the flap, Apgy = the flap
surface area, and 8 15 the angle between the outer flap and the axial coordinaie.
Increasing the outer flap pressure therefore resulfs in an increased axial thrust force.
This increase n axial thrust force can balance or even outweigh the loss in thrust
recovery caused by an inability to mux the third stream awr (FLADE™ air) with the
core stream. The exhaust nozzie 156 of third stream duct {(FLADE™ nozzie) may
have 4 hixed throat area, vary in area dependently with the pnimary core nozzle throat

area, or vary mdependently depending on cycle needs.

{3838] The arrangement shown in Figure 6 exhausis all third stream air through
exhaust nozzie 136. The use of exhaust nozzie 156 for this purpose permits the
elimination of the divergent slot, which, in some prior art configurations, is used io

exhaust third stream air into prnimary exhaust nozzle 132, A divergent slot 148, Figure

-3 4=
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3, introduces a divergent slot step mnto the - nozzle, which can reduce the nozzle
thrust coetficient by around 0.005 at most tlight conditions. Because the divergent slot
step makes it dithicult, if not impossible, {o create a divergent section that 18 optimized
to the most efficient nozzle expansion ratio, the use of secondary nozzle 156 while
climinating divergent slot 148 permits both the primary and secondary nozzles to be
optimized for better efficiency. The elimination of divergent slot 148 also eliminates a
path for hot gases to return or backilow to third duct 136, because the flow path

connecting the third duct to the prmary nozzle 1s ehiminated.

{3036] The third siream nozzle 1536 1s located at the aft end of third stream duct
136. Nozzie 156 may be integral with duct 136, or may be a separate attachment
aflixed to duct 136. It may be comprised of the same material as third stream duct or
may be comprised of a different matenial. Thus, the third stream nozzle may be
comprised of a polymer matrix composite, a ceramic matrnix composiie or a metal, the

selection being a design and repair/replacement consideration

(38371 Third stream duct 136 also may include a valve that varies the flow of
third stream air exiting exhaust nozzle 156. Figure 7 shows a section view of a
secondary nozzie conirol valve, This valve 180 may be passive or active. When valve
180 1s passive, it 1s controlled by the pressure of the air flowing through exhaust
nozzle 156, Thus, valve 180 may be biased so that when the pressure of third stream
air flowing through exhaust nozzle 156 1s high, such as occurs under augmentation or
high cruise speeds, valve 180 moves aft (with respect to the engine} within exhaust
nozzie 136, decreasing the area available for the third stream air (o be exhausted.
When the pressure of third streamn air Hlowing through exhaust nozzie 156 decreases,
such as occurs at cruise, low cruise and lotter conditions, valve 180 i1s biased to move
torward within nozzie 156, sllowing more air flow as the throat area i nozzle 1536 is

increased when valve is biased 1nto this position.

(3R] Valve 180 may be an active valve. In this circumstance, valve 180 may be
in comrmunication with a controller or with an engine Full Authority Digital Engine
Control (FADEC™), When a separate confrolier s utilized, the controller may be in

communication with pressure sensors sensing the pressure of the air i nozzle 18,
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The position of valve 180 may be conirolled by a motor or actuator that moves the
valve based on mstructions from the coniroller to a preprogrammed position
depending upon the sensed air pressure in the third nozzle. Alternatively, the motor or
actuator may move the valve (o a predetermined position based on instructions from
an engine FADEC™ based on the engine condition dictated by the engine FADEC™

{1.e. augmentation, cruise, or some mtermediaie position).

LHIRY Thus, the disclosure utilizes a third air stream for cooling and exhausts the
third air stream by use of a third stream exhaust nozzle 156, which exhausts the low
pressure third stream air {o an available but even lower air pressure found over the
outer flaps adjacent to the interface between the awrframe and leading edge of the
engine outer flaps. The exhaust of third stream air thus s independent of the mode at
which the engine 1s operabing. If desired, nozzle 156 of third stream duct 136 mayv be

equipped with valve 180 that allows the flow of air from nozzle 156 {0 be vaned,

00348 While the invention has been described with reference to a preferred
embodiment, 1t will be understood by those skilled 1n the art that various changes may
be made and equivalents may be substituted for elements thereof withowt departing
from the scope of the invention. In addition, many modifications may be made {o
adapt a particuiar situation or matental to the teachings of the invention without
departing from the cssential scope thereof. Therefore, it 18 intended that the invention
not be himited to the particular embodiment disclosed as the best mode contemplated
for carrving out this inveniion, but that the imvention will mchide all embodiments

falling within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. An aircraft turbofan engine having a fan portion providing three
streams of air flow to the enginc, comprising;:

a primary nozzle, wherein combustion fluid is exhausted after core air ﬂoW
from the fan portion 1s combined with fuel and combusted to form the combustion fluid,
the nozzle including a plurality of outer flaps and seals; and,

a bypass duct wherein bypass air flow is exhausted through the primary
nozzle; and

a third duct wherein third stream air flow is exhausted through a secondary
nozzle that is concentric with the primary nozzle, the secondary nozzle exhausting the
third stream to a location adjacent to a leading edge of the outer flaps having a pressure

that is lower than a pressure of the third stream air in the secondary nozzle.

2. An aircraft turbofan engine having a fan portion providing three
streams of air flow to the engine, comprising;:

a primary nozzle, wherein combustion fluid is exhausted after core air flow
from the fan portion is combined with fuel and combusted to form the combustion fluid,
the nozzle including a plurality of outcr flaps and seals; and, |

a bypass duct wherein bypass air flow is exhausted through the primary
nozzle; and

a third duct, wherein third stream air flow is exhausted through a secondary
nozzle that 1s concentric with the primary nozzle, the secondary nozzle exhausting the
third stream air to a location having a pressure that is lower than a pressure of the third
stream air in the secondary nozzle; and,

wherein the third stream air has a pressure that is above ambient and is
exhausted through the secondary nozzle over a leading edge of the plurality of outer
flaps, the leading edge of the plurality of outer tlaps having a pressure that is at ambient

or lower.

-14 -
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3. An aircraft turbofan engine having a fan portion providing three
strcams of air tlow to the engine, comprising:

a primary nozzle, wherein combustion fluid is exhausted after core air flow
from the fan portion 1s combined with fuel and combusted to form the combustion fluid,
the nozzle including a plurality of outer flaps and seals; and,

a bypass duct wherein bypass air flow is exhausted through the primary
nozzle; and

a third duct, wherein third stream air flow 1s exhausted through a secondary
nozzle that 1s concentric with the primary nozzle, the secondary nozzle exhausting the
third stream air to a location having a pressure that is lower than a pressure of the third
stream air in the secondary nozzle; and,

wherein the third stream air has a ‘pressure that 1s above ambient and is
exhausted through the secondary nozzle to an interface between an att portion of an
airframe and a leading edge ol the plurality of outer flaps and over the outer flaps,

interface having a pressure that is at ambient or lower.

4, The aircraft turbofan engine of claim 3 wherein the engine further

resides in an engine bay, a bay ventilation slot formed at an interface between an aft

location of the airframe and the leading edge of the plurality of outer flaps of the engine.

3. The aircraft turbofan engine of claims 1, 2, 3 or 4, wherein the engine

further includes an augmenter.

6. The aircraft turbofan engine of claims 1, 2 or 3 wherein the third duct

is supplied with air by a fan-on-blade attachment to the fan portion.

7. The aircraft turbofan engine of claims 1, 2 or 3 wherein the third duct
is supplied with air by diversion of air from the fan portion of the engine fore of a

diversion of bypass air to the bypass duct from the fan portion.

8. The aircraft turbofan engine of claims 1, 2 or 3 wherein the third

stream air flow has a lower pressure and temperature than the bypass air flow.

9. The aircraft turbofan engine of claims 1 or 2 wherein the third stream
air [low provides cooling capacity for engine operation.

_15 -
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10.  The aircraft turbofan engine of claims 1 or 2 wherein the secondary

nozzle 1s integral with the third duct.

11, The aircraft turbofan engine of claims 1, 2 or 3 wherein the secondary

nozzle i1s attached to the third duct.

12.  The aircraft turbofan enginc of claims 1, 2 or 3 wherein the secondary
nozzle comprises a material selected from the group consisting of ceramic matrix

composites, polymer matrix composites and metals.

13.  The aircraft turbofan engine of claims 1 or 2 wherein the secondary

nozzle i1s a variable nozzle.

14.  The aircraft turbofan engine of claim 13 wherein thc variable
secondary nozzle further includes a valve movable from a first position to a second

position to vary the exhaust area of the nozzle.

15.  The aircratt turbotan engine of claim 13 wherein the variable nozzle
1S a passive valve, wherein the valve is movable from a first position to a second position

responsive to the pressure of air in the secondary nozzle.

16.  The aircraft turbofan engine of claim 13 wherein the variable nozzle
1S an active valve, wherein the valve is movable to a predetermincd position responsive
to a command from a controller in communication with pressure sensors monitoring air

pressure in at least one of the third strcam duct and secondary nozzle.

17.  The aircratt turbotan engine of claim 14 wherein the variable nozzle

1S an active valve, wherein the valve is movable to a predetermined position based on

an operating mode of the engine, the operating mode of the engine determined by an

engine FADEC that is in communication with the valve.

18.  The aircraft turbofan engine of claims 1, 2 or 3 wherein the secondary

nozzle provides exhaust contributing to engine efficiency.

19.  The aircratt turbofan engine of claim 18 wherein the secondary nozzle

exhaust contributes to engine efficiency by generating an axial component of thrust.

- 16 -
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20.  The aircraft turbofan engine of claim 1, 2 or 3 wherein the secondary
nozzle exhaust turther contributes to engine etficiency by exhausting third stream air

over the outer flaps, reducing a recirculation zone over the outer flaps.

21.  The aircraft turbofan engine of claim 20 wherein reducing the
recirculation zone over the outer flaps reduces or eliminates boat tail drag on an

airframe.

-17 -
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