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Advanced Circulation Control Wing System
for Navy STOL Aircraft

James H. Nichols Jr.* and Robert J. Englarf
David W. Taylor Naval Ship Research and Development Center, Bethesda, Md.

An advanced high lift system is being developed which combines a circulation control wing (CCW) with upper
surface blowing (USB) to preduce significant lift for STOL operations by Navy aircraft. The concept uses
circulation control (CC) to pneumatically deflect USB engine thrust and thus augment aerodynamic wing lift
produced by the outboard CCW. Wind tunnel investigations have confirmed significant thrust turning to angles
near 165 deg, providing a simple, highly effective STOL and thrust reverser system. A no-moving-parts VTOL
system obtained by deflecting thrust to angles around 90 deg is also suggested. The paper presents experimental
results, a conceptual design for a proposed CCW + CC/USB STOL aircraft, and predicted STOL characteristics
for that aircraft. Payoff in aircraft mechanical simplicity is also discussed.

Introduction

HE circulation control wing (CCW) concept is a

mechanically simple high lift system which employs
tangential blowing over a rounded trailing edge to yield very
high lift augmentation with an expenditure of minimum
amounts of jet momentum and mass flow.!:2 The system has
been under development since 1970 at David W. Taylor Naval
Ship Research and Development Center (DTNSRDC), where
the basic concept was developed. A configuration for proof-
of-concept flight test was designed and experimentally
evaluated for application to a Navy/Grumman A-6A air-
craft,? as shown in Fig. 1. The rounded CCW trailing edge is
visible, as are air supply lines, externally mounted for sim-
plicity, carrying engine bleed air to the CCW. These flight
investigations conducted by Grumman confirmed the DTN-
SRDC tunnel predictions that CCW could double aircraft
lifting capabilities using only bleed air available from the
existing engines. Flight speeds as low as 67 knots were
demonstrated even though blown C, _ and V,, were not
achieved owing to control power limitations. Test results are
published in Refs. 4-6. A summary of A-6/CCW STOL
performance relative to the conventional A-6A aircraft is
given in Fig. 2, showing the CCW as a viable system for
providing STOL potential for high performance Navy air-
craft.

The mechanical simplicity and high lift augmentation of
CCW are quite attractive from a weight and STOL per-
formance standpoint. Furthermore, it was envisioned that
certain characteristics of the system would be quite com-
patible with the already proven (YC-14, QSRA, etc.) upper
surface blowing (USB) system. Maximum lift coefficients for
the A-6/CCW aircraft (aspect ratio 5.3) and a typical four-
engine USB configuration (aspect ratio 7.5) with cruise-
typical D-shaped nozzles’ are shown in Fig. 3. For USB, the
incremental lift due to deflecting thrust is made up of the
vertical component of the deflected engine thrust, C; sin
(0, + ), with a contribution due to thrust induced circulation
lift, CLF. For CCW,3 the increment of lift above that due to
camber and incidence is all blowing-induced circulation lift,
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with virtually no vertical thrust component. By taking ad-
vantage of the ability of the circulation control phenomenon
to entrain and control the engine thrust direction, as shown in
Fig. 4, the USB mechanical flap system and its supporting
structure and actuators can be eliminated and replaced by the
CCW round trailing edge and internal blowing plenum. For
the USB/flap system, thrust deflection angle 6 is controlled by
increasing flap deflection until jet separation occurs. For the
CC/USB system, 8 depends on the CCW plenum pressure,
slot mass flow, and the flow entrainment effects of the CCW
trailing edge. That is, 6 is changed nearly instantly by a flow
control valve or pressure regulator. The thrust can be
deflected to angles up to 165 deg, thereby providing a

Fig.1 A-6/CCW flight demonstrator aircraft.

BASED ON FLIGHT DEMONSTRATION RESULTS A-B
TOGW 35700 LB, LGW  33.000 LB (30° FLAPS) A-6/CCW
CORRECTED TO SEA LEVEL, STANDARD DAY
85% INCREASE IN C, 21 39 (Cy =030
35% REDUCTION IN POWER-ON APPROACH SPEED | 118 KTS 76 KTS
(C, =1.49)|(0.75 Pyypy. €, =0.14,C, = 2.78)
65% REDUCTION IN LANDING GROUND ROLL 2450 FT 900 £T
30% REDUCTION IN LIFT OFF SPEED 120 KTS 82 KTS
{C, =141} | (06 Ppy,y.C,=0.08.C =2.16)
60% REDUCTION IN TAKEOFF GROUND ROLL 1450 FT 600 FT
75% INCREASE IN PAYLOAD/FUEL AT TYPICAL 45,000 LB. 58,000 L8.
OPERATING WEIGHT (EW = 28,000 LB.)

Fig.2 A-6/CCW STOL performance.
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pneumatic thrust reverser or providing a vertical thrust
deflection offering the possibility of VTOL flight, in addition
to STOL operation for § <90 deg.

The key to achieving the payoffs of a combined CC/USB is
the thrust-deflecting capability of the CC trailing edge, and
any limitations placed on that ability by engine thrust levels,
nozzle geometry, and freestream dynamic pressure. To ad-
dress these questions, static and freestream investigations
were conducted to provide a general data base to assess STOL
performance potential of an aircraft designed around a
CCW + CC/USB high lift system.

Experimental Investigations
Model

The investigation presented herein was intended to evaluate
CC/USB thrust-turning capability and made use of an
existing generic half-span model that had been used to
evaluate CCW and USB systems independently.® This model,
shown mounted in the DTNSRDC 8- x 10-ft subsonic tunnel
in Fig. 5, was a combination of an existing R=4 CCW wing
section and a USB propulsion simulator, and as such is
referred to as the CCW/USB configuration. This engine
simulator employs two 5.5-in.-diam tip-turbine fans mounted
in tandem to generate an output pressure ratio typical of
existing turbofan engines. A D-nozzle is shown in the figure,
where a simulated internal nozzle flap produced a
width/height ratio of 3.3 at the exit.
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Fig. 3 Maximum lift coefficients for typical CCW and USB aircraft
configurations.

Fig. 5 Half-span CCW/USB model.
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As assembled, the model does not properly represent a
typical CC/USB configuration. First, a single CCW plenum
runs the entire wing span (thus the CCW/USB designation),
which uses more mass flow than necessary and generates
blowing-induced circulation lift that cannot be
mathematically separated from thrust-induced lift except
during static conditions when the circulation lift is zero.
Second, the engine may be oversized relative to the wing.
Third, the aspect ratio of 4.0 is lower than that planned for
the aircraft/mission to be addressed in this paper.

The airfoil is a 14% thick supercritical section with a 15%
chord Krueger leading-edge flap deflected to 40 deg. CCW
trailing-edge parameters are based on the A-6/CCW
development?3: a radius-to-chord ratio of 0.036 and a local
slot height-to-radius ratio of 0.031. Measured slot height
varied nearly linearly with plenum pressure (P, ), with a slot
area increase of 17% occurring at a maximum plenum
pressure of 120 in. Hg (58.9 psig). The model was mounted on
the tunnel balance frame independent of a splitter plate and
simulated fuselage in order to remove the wing from the
tunnel boundary layer, simulate fuselage interference, and
allow the wing and engine to be isolated.

The experiments were conducted in three steps: 1) a static
bench test for flow visualization, 2) a static wind tunnel test
to quantify thrust turning, and 3) a wind-on test to quantify
thrust turning during simulated in-flight and landing con-
ditions. The effects of higher thrust levels, variations in angle
of attack, operation in ground effect, and a configuration
buildup to determine individual contributions of CCW and
USB alone were investigated during the third phase.

Flow Visualization Results

Prior to the tunnel installation, a static bench test was
conducted using flow visualization for a preliminary in-
dication of thrust deflecting capability of the model. A

BLOWING PLENUM%@
CCW ROUNDED TRAILING EDGE

VARIABLE THRUST DEFLECTION
DUE TO C.C. PLENUM PRESSURE
VARIATION

UPPER-SURFACE-MOUNTED
TURBOFAN ENGINE

Fig.4 CC/USB engine thrust deflector.
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Fig.7 CCW/USB turning angle and thrust recovery efficiency.

movable tuft was located throughout the nozzle exit, and the
main jet sheet appeared to turn substantially around the
trailing edge when CC blowing was applied.

Static Thrust Turning Results

Several exhaust nozzles ranging from round to higher
aspect ratio (width/height) D-nozzles were evaluated statically
(no freestream) to determine the best nozzle in terms of jet
turning. Jet turning was greatly improved when either the jet
was spread wider and closer to the wing surface and CCW
slot, or when the jet height was reduced relative to the CCW
slot height. The round nozzles produced relatively little
turning because of their large jet height and low aspect ratio
of 1.0. The greatest turning performance was provided by the
D-nozzle with internal flap shown in Fig. 5. Turning per-
formance of this aspect ratio 3.3 nozzle is shown in Fig. 6
where the jet-turning angle is determined by resolution of
measured horizontal and vertical force components. Static
CCW jet turning (no engine thrust) is shown as the dashed
curve, with 165 deg achieved above a plenum pressure of 5 in.
Hg (2.46 psig). This represents an upper limit on propulsive
jet turning. For a moderate level of thrust of 25.4 Ib
(calibrated at the nozzle exit with Pr;, =0), turning increases
with increased plenum pressure until at 50 in. Hg the
propulsive jet is turned to nearly the same angle as the CCW
jet alone. At higher thrust levels, less turning occurs owing to
the higher thrust kinetic energy levels, which are more dif-
ficult to entrain and deflect. Maximum thrust values for a
turbofan engine with an exhaust pressure ratio of about 1.5,
both with and without core bleed to provide the plenum
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pressure, are shown for comparison scaled to the model
engine. These scaled values are from full-scale TF-34 installed
thrust for sea-level tropical day (90°F) conditions with a 60-
knot vehicle speed. Jet turning of at least 95 deg can be
achieved at maximum thrust, with values ranging up to 165
deg at lower thrust levels. This amount of jet turning clearly
provides ample thrust deflection for STOL takeoff and ap-
proach operation, as well as for reversed thrust upon landing.
Also implied is the possibility of a no-moving-parts VTOL
system where static thrust deflection of 85-95 deg can provide
vertical lifting and control capability. These thrust-turning
capabilities and associated thrust recovery are shown in Fig.
7. Here, F is the sum of the calibrated engine thrust (no
turning) plus the measured jet momentum at the CCW slot
exit, and thus includes all energy input to the system. The
length of the vector T, represents effective thrust recovery
and its direction is the turning angle §. For STOL operation
(say 60=<60 deg) more than 90% of the input energy is
recovered, while as a thrust reverser, 55-60% of the thrust is
reversed through 165 deg.

Static data were taken in the presence of a fixed ground-
board. At a groundboard height-to-wing-chord ratio of 1, no
significant change in static turning relative to data taken out
of ground effect occurred.

Wind-On Thrust-Turning Results

Data were taken in a freestream to find any degradation of
thrust turning due to dynamic pressure (g), and to determine
aerodynamic forces on the system. In Fig. 8, the lift coef-
ficient for constant thrust values is plotted against the
momentum coefficient C,, defined as nondimensionalized
slot momentum, r'an/qS. Here, even though static thrust
turning is less at higher thrust levels, increased thrust yields a
larger vertical component and thus higher total C, ; values of
nearly 6 are generated at o =0 deg.

Optimum CCW + CC/USB operation will occur with the
outboard CCW slot and the inboard CC/USB thrust-
deflecting slot operating independently at different blowing
conditions. Since a single plenum is used on the model, the
outboard CCW and the inboard CC/USB can only be
operated simultaneously and at the same pressures. Thus C,, is
the total momentum coefficient for the entire wing span
rather than for the CC/USB system. Based on A-6/CCW
experience, a maximum value of 0.30 on total C, is
reasonable for the near term. Results at a tunnel dynamic
pressure of 10 psf (approximately 55 knots freestream
velocity) are presented in Fig. 8. These are appropriate since
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Fig. 9 Drag polars for CCW/USB configuration at ¢ =10 psf and
o, =0 deg.

approach and liftoff speeds for anticipated aircraft con-
figurations and weights are in the range 50-60 knots. The
corresponding drag polars are presented in Fig. 9 as curves of
constant thrust or C,, where the term C, includes the
measured horizontal thrust component. A total drag value of
0, which is required for an equilibrium landing approach,
corresponds to available C; of almost 6 at a=0 deg, while
negative drag values at high C; imply availability of excess
thrust for takeoff and climb at high lift.

Simulated Thrust Reverser

The addition of a simple thrust reverser to a powered lift
STOL aircraft can further reduce the already short landing
distance provided by low touchdown velocities and reduced
kinetic energy. An effective thrust reverser must provide
maximum thrust turning, quick response after touchdown,
reduction in lift to increase weight on the wheels to improve
braking efficiency, and mechanical simplicity. The
CCW/USB model was used to simulate landing ground rolls
at 0 deg incidence with a fixed groundboard located at 1.0 ¢
below the model center of gravity. These simulated ground
rolls were conducted at constant thrust and plenum pressure
by taking data at discrete freestream velocities as the tunnel
dynamic pressure was reduced by steps from 20 to 0 psf. The
results indicate the maximum turning possible for the con-
ditions simulated, since they are steady-state. Again, the
outboard blowing slot can not be turned off and thus un-
desired outboard CCW wing lift continues to be generated
during ground roll.

Figure 10 depicts resulting forces generated by a calibrated
thrust of 24.5 Ib with plenum pressures of 0 and 80 in. Hg.
The terms lift and drag here are synonymous with measured
vertical and horizontal forces at « =0 deg along the runway,
including the corresponding components of thrust. Thus, with
blowing-off (Pr, =0), thrust recovery (or negative drag)
increases as the aerodynamic drag decays with dynamic
pressure. At zero velocity, almost 90% of the initial thrust is
recovered as a forward horizontal force, with a vertical
component of nearly 50% resulting from a downward
deflection of about 30 deg due to the USB nozzle/wing
arrangement (see Fig. 6). With a plenum pressure of 80 in. Hg
applied, drag remains positive, directed aft over the entire
speed range owing to increased jet turning. The remaining lift
at low velocity is about half the value at Pr, =0, thus
providing improved braking force. At zero velocity, these
force components with blowing-on include approximately
10.2 b of drag and 2.7 1b of lift due to the reaction force of
the CCW jet momentum alone. Turning off the outboard
CCW plenum would reduce these values by roughly half,
resulting in a net drag of 86% of the input engine thrust and a
lift of only 10% of this thrust.

The resultant force-turning angles from the thrust reverser
simulation are shown in Fig. 11 for thrust settings of 24.5 and
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Fig. 10 CCW/USB simulated thrust reverser.
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59.0 Ib and blowing pressures of 0 and 80 in. Hg, both with
and without a fixed groundboard. Here, the resultant force
angle 6, is defined as [180 deg-arctan (vertical
force/horizontal force)]. This angle 6 is similar to ¢ in Fig.
6, except it now includes outboard CCW aerodynamic forces
which are not easily separated from inboard thrust com-
ponents when a freestream is present. At zero velocity, 0 =0,
and the resultant force F» equals the sum of the thrust and jet
momentum components only. For a thrust of 24.5 1b with
blowing in ground effect, force turning rapidly rises from 110
to 165 deg as speed decreases below the touchdown value of
about 55 knots. Without a groundboard, that rise does not
occur until speed decreases to about 25-30 knots. An aircraft
near touchdown would probably always fly on the favorable
ground effect curve; speeds of less than 50 knots are not likely
prior to the landing ground roll. For a thrust of 59 lb with
blowing, the turning angle is somewhat less than above, but
almost constant with decreasing velocity and with much less
dependency on ground effect. For no blowing, both thrust
levels decay to the configuration’s initial blowing-off angle of
30 deg. It appears that thrust reversal is quite responsive to
both thrust and blowing levels and that a simple no-moving-
parts system is feasible.

Configuration Development

The above data indicate the CC/USB no-moving-parts
thrust-deflection concept can provide a simple light-weight
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Fig. 13 Proposed CCW + CC/USB STOL aircraft planform.

replacement for large mechanical USB/flap systems, and can
provide effective thrust reversing with no additional com-
ponents required. Present USB aircraft like the YC-14 and
QSRA combine the inboard USB engine/mechanical flap
system with double-slotted mechanical flaps outboard to
provide the required lift for takeoff. Replacement of these
flaps and outboard drooped or blown ailerons with a CCW
trailing edge eliminates the mechanical complexity by
allowing transition from the high lift to cruise configuration
by terminating blowing. Applied to a relatively thick trailing-
edge supercritical airfoil, a small-radius CCW trailing-edge
surface can remain fixed at relatively little, if any, penalty in
cruise drag. To evaluate both the drag and lift-augmenting
capabilities of small trailing-edge radius CCW con-
figurations, a two-dimensional wind tunnel evaluation of a
typical NASA supercritical airfoil® with a CCW radius 25%
that of the A-6/CCW airfoil has been completed at DTN-
SRDC. Results!® for this small trailing-edge CCW airfoil
confirm lift generation comparable to the A-6/CCW airfoil,
and unblown drag levels essentially the same as the baseline
bluff supercritical airfoil.

A subsonic cruise STOL aircraft using the above concepts is
postulated as the configuration shown in Figs. 12 and 13. To
provide timely STOL capability without development of a
completely new aircraft, the proposed configuration makes
maximum use of existing Lockheed S-3A aircraft com-
ponents, namely, the airframe, wing primary structure,
engines, and as much of the control surfaces as feasible. A
supercritical wing with a small radius CCW trailing-edge
running full span will be installed. The two pylon-mounted
TF-34 engines will be moved to the wing upper surface near
the fuselage junction. Engine relocation provides the
CC/USB thrust-turning system, minimizes one-engine-out
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yawing moments, and reduces air supply crossover duct
lengths required for controlled flight with one engine out.
Two plenums are provided in each wing half. The inboard
plenum supplies higher pressure air from TF-34 core bleed for
USB thrust deflection. The outboard plenum supplies lower
pressure TF-34 fan air to supply the CCW trailing edge. This
multisource air supply system using turbofan core and fan
bleed air simultaneously has already been successfully em-
ployed on the QSRA aircraft.!! The inboard and outboard
plenums are independently controlled using separate flow
valves.

The existing S-3A wing aspect ratio of 7.73 may be
retained, or as Fig. 13 shows, the removal of 5 ft from each
wing tip to reduce the span to 58 ft and AR to about 6 will
provide additional flight deck clearance on smaller air-
capable ships. The winglets shown may be used to regain
effective aspect ratio in cruise, to carry spanwise high lift
distribution closer to the tip, or as a directional control device
at low speed. Proposed roll control is by deflecting the
existing spoilers at high speed, and by differential CCW
blowing between left and right wing!? at low speeds.
Longitudinal tail location and configuration were not in-
vestigated in the present tests. The high T-tail with elevator is
shown as being typical of other USB aircraft. However, tail-
off pitching moments of the CCW/USB model were similar to
those of the A-6/CCW (Ref. 3) at the same lift coefficient.
The A-6/CCW pitching moments were trimmed by a low-
mounted all-moving stabilator which benefitted from the
additional dynamic pressure and downwash available from
the flowfield of the engine exhaust. Further investigations are
planned to examine longitudinal trim requirements and tail
arrangement.

STOL Performance Predictions

To predict STOL performance of the proposed
CCW + CC/USB aircraft, the existing data must be adjusted
to account for the difference in aspect ratio between the
model and proposed aircraft. The effect of aspect ratio on
C.,.. is presented in Fig. 14 for a family of current Navy jet
aircraft, for a series of DTNSRDC high lift model data® at
low aspect ratios of 3 and 4, for existing aircraft with
proposed high lift systems, and for several USB con-
figurations. At R=4, a lift increment of approximately 1.5
results from adding the CCW/USB concept to the USB-alone
configuration. Adding that same increment to the typical
higher aspect ratio USB configurations shown results in a
C.,.. greater than 10 for the proposed CCW +CC/USB
aircraft of Figs. 12 and 13 with R=7.73, C,=2.4, and
C,=0.33.

To predict estimated lift and drag data for the S-3A based
CCW +CC/USB aircraft within these suggested limits, a
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more conservative method was used. Figure 15 shows the
resulting lift curves for the R =6 configuration. Existing two-
engine USB data'® for incremental lift due to C; and jet
deflection of 38 deg were adjusted to the proposed con-
figuration wing geometry. These data were added to lift
curves previously developed by Lockheed for an S-3A/CCW
configuration using C, =0.10 (here labeled C7=0). A Cp_,.
of 6 at C; =2.4 and C, =0.10 is obtained, which is con-
servative compared to a value of about 7 obtained by ex-
trapolating data to R=6.0 at the same C, and Cy. This is
probably due to actual thrust deflection angles greater than
the 38 deg assumed. Even if these conservative data are used
to predict STOL performance, some very promising potential
appears, as follows.

All STOL performance to be discussed below is based on
sea-level tropical day (90°F) conditions with standard S-3/TF-
34 maximum installed thrust of 13,020 1b total. Losses due to
engine thrust droop, bleed, and velocity of 60 knots are in-
cluded. The proposed R =6 configuration is compared in Fig.
16 with the conventional S-3A with R=7.73 in terms of
liftoff velocity. For a takeoff gross weight range of 35,000-
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Fig. 17 Comparative unassisted takeoff ground rolls, sea-level
tropical day.
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Fig. 18 Equilibrium approach speeds, sea-level tropical day.

40,000 1b, conventional liftoff speeds of 115 knots can be
reduced to 60-65 knots. The implications on reduced
requirements for catapult equipment (if in fact any is required
at all) are significant. The resulting short noncatapulted
takeoff distances are compared in Fig. 17 for wind-over-deck
(WOD) velocities of 0 and 20 knots. Here, the takeoff
procedure for the proposed aircraft is to accelerate at
maximum thrust (bleed-off and no-thrust deflection) until the
rotation speed is reached. At rotation, blowing is initiated and
instantaneous thrust deflection and lift augmentation occur.
This procedure was successfully and comfortably used by
Grumman test pilots with the A-6/CCW. ¢ Conventional S-3
takeoff rolls of 1175-1650 ft are reduced to 200-325 ft for a
20-knot WOD. Takeoff distances of 450-650 ft are possible if
no wind over deck is available. For both conventional and
CCW + CC/USB aircraft, the installed thrust-to-weight ratios
range from 0.38 to 0.33. These are twin-engine performance
predictions; analysis of takeoff and control with one engine
inoperative is now being conducted.

Figure 18 compares equilibrium approach speeds at an
angle of attack of 9 or 10 deg and on a 4-deg glide slope. Since
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Fig. 19 Kinetic energy at equilibrium touchdown speed, sea-level
tropical day.

no flare is used in Navy approaches, this glide slope is con-
stant and forces must be in equilibrium along that flight path.
This requires additional drag generation for USB aircraft,
since high lift is achieved at high thrust settings which result in
high thrust recovery. This thrust recovery is offset for the
CCW + CC/USB aircraft by the induced drag generated by
CCW. Thus all approaches are made along the C, =0 axis of
Fig. 9 but at the appropriate approach angle of attack of 10
deg. For a landing weight of 30,000-35,000 b, the approach
speed is reduced from 95 to 55 knots by the CCW + CC/USB.
For a fixed bleed rate from the engines, available C, will not
remain constant with gross weight as shown in Figs. 16 and
18, but will increase as weight decreases. Thus the actual
speeds attainable by the proposed aircraft at lighter weights
will be less than those shown if sufficient control power is
provided. The reduction in kinetic energy is shown in Fig. 19
at touchdown speeds associated with the above approach
conditions. The 70% reductions in kinetic energy indicate
proportional reductions in landing ground rolls, plus the
associated increases in system lift. With the proposed
CC/USB thrust reverser, there is a strong possibility for
reducing or eliminating arresting gear. These lower approach
speeds also imply an improved steeper glide slope to minimize
flight through carrier-induced turbulence, increased pilot
visibility from approach at lower incidences, and increased
pilot reaction time due to lower closure rates, all of which
contribute to safer carrier operations and thus reduced ac-
cident rates.

Summary and Conclusions

The CCW/USB experimental results presented confirm
thrust turning through angles up to 165 deg and the associated
benefits as a STOL and thrust reverser system, in addition to a
potential for VTOL. Application of the test results has led to
a proposed conceptual STOL aircraft design to operate from
reduced size air-capable ships, possibly without the presence
of either catapulting or arresting gear. Results will be refined
as additional test data become available and as the proposed
aircraft configuration is more adequately defined.

J. AIRCRAFT

New capabilities are inherent in this CCW + CC/USB high
lift system which are not available in existing or proposed
high lift systems:

1) Significant improvement in STOL performance is
available compared to a conventional flap system (CTOL) on
an aircraft with identical weight and thrust; thisresults from a
more than 200% increase in maximum trimmed lift coef-
ficient.

2) Actuators, flaps, and other high lift system moving parts
are reduced by nearly 100%.

3) Direct lift control on approach is independent of thrust
setting, and is controlled by changes in the bleed air rate
supplied to the wing.

4) Higher power setting during approach provides quicker
return to maximum thrust for waveoff.

5) Low-speed lateral control is possible by differential wing
blowing.

6) A reduced number of parts and reduced impact loads on
the aircraft will increase reliability, maintainability, and
aircraft lifespan.

7) Vertical landing and eventually vertical takeoff may be
feasible with the above advantages (using thrust deflection in
the 90-deg range) as improved thrust-to-weight powerplants
with lower cruise specific fuel consumption become available.
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