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SUMMARY

The results of recent wind-tunnel investigations to provide fundamental
information on the upper-surface-blown (USB) jet-flap concept demonstrated that
the USB concept prcvides good high-lift performance. The low-speed performance
appears to be mainly dependent upon the jet turning angle and turning efficiency
and on the use of proper leading- and trailing-edge treatment to prevent pre-
mature flow separation. The best means of achieving good turning performance in
anv particular USB application must be determined from overall opecrational con-
slderations in which high-speed performance, structures and noise, as well as
low-speed performance, are evaluated. The large diving moments generated at
high lift coefficients can be trimmed satisfactorily with a large, conventional
horizontal tail; a high tail position i< best from longitudinal stability con-
siderations. Large rolling and yawing moments are introduced with the loss of
an engine, but these moments can be trimmed satisfactorily through the use of
asymmetrical boundary-layer control and thrcugh the use of spoiler and rudder
deflection as needed.

INTRODUCTION

In recent years, considerable effort has been directed toward studies of the
aerodynamic and acoustic characteristics of upper-surface-blown (USB) jet-flap
configurations (refs. 1 to 7). The results of past aerodynamic investigations
have .ndicatei that the USB concept can provide the high 1ift necessary for effi-
cient STOL operation; acoustic studies have indicated that the USB concept may
provide beneficial noise reduction during flyovers because the wing shields
ground observers from the noise produced at the engine exhaust nozzle. More
recent studies have provided solutions to stability and control problems such
as pitch trim, longitudinal stability at high lift, and lateral trim for engine-
out conditions.

The present paper has beer nrepared to summarize some of the more important
characteristics of USB configurations in the areas of performance, longitudinal
stability and trim, la' :ral-directional stability, engine-out lateral trim, and
dynamic stabilicy and control. Although the discussion is directed toward UJSB
configurations, certain problems such as pitch trim and longitudinal stability
ar2 common to all powered-lift STOL systems; the problem of ens. ie-out lateral
trim is common to other poweved-lift concepts utilizing discrete blowing, such
as the externally blown flap (EBF) arrangement. Therefore, the data presented
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in the present paper for USB configurations may

other powered-lift concepts.
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SYMBOLS
aspect ratio
wing span
lift coefficient
power-induced lift coefficient
maximum 1lift coefficient
rolling-moment coefficient
effective dihedral parameter, 3C1/bB
pitching-moment coefficient
longitudinal stability parameter, BCQ/Ba
yawing-moment coefficient
directional stability parameter, BCn/BB
gross thrust coefficient, T/qS
wing mean aerodynamic chord
axial force
normal force
tail length
thrust
time to damp to half-amplitude
weight
body axes coordinates
angle of attack
flight path angle

flap deflection

also be generally applicable to
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jet deflection
downwash angle
Dutch-roll damped frequency parameter
Abbreviations:
BLC boundary-layer control
EBF externally blown flap
USB upper-surface blown
V.G. vortex generator

PERFORMANCE

In a previous paper by William C. Sleeman and Arthur E. Phelps (ref. 8),
it was shown that good static turning could be achieved with the USB concept.
Figure 1 summariz«s the static turning performance of a number of different
USB configurations in terms of the ratio of normal force to thrust plotted
against the ratio of axial force to thrust. The shaded band in figure 1 indi-
cates representative values of static turning performance obtained with the
USB concept and shows that efficiencies from about 80 to 90 percent can be
obtained with high flap settings. For lower tlap settings, efficiencies are
generally much higher (95 percent or greater for flap angles below about 40°)
and turning angles are within a few degrees of the upper surface tangency angle.

It has been determined from previous experience that a USB configuration
with marginal static turning performance caused by regions of sepa- :red or par-
tially separated flow will almost certainly exhibit poor 1lift verfc ‘ce in
forward flight. Good static turning characteristics, on the other :, have

been shown to be a reliable indicator of good lift performance in forwasd flight.

Figure 2 illustrates the effect of forward speed on the static pressure distri-
bution and surface temperatures of a large-scale USB model with turbofan engines
(ref. 3). Static turning testc of the configuration indicated good static per-
formance. As shown in figure 2, forward speed had little effect on the magni-
tudes of the static pressures and surface temperatures along the engine center-
line. Forward speed caused only slightly higher suction pressures and slightly
cooler temperatures over the flap. Based on these results, it appears that
structural and thermal design information may be determined for USB wing-flap
systems on the basis of static tests which might be conducted with outdoor
static rigs utilizing f ill-scale engines, nacelles, and wing-flap hardware.

Although tests have shown that the two major externally blown powered-lift
concepts (EBF and USB) are generally comparable in overall performance, there
are some fundamental differences in the exkaust jet flow fields between the two
concepts at forward speed conditions. For example. "1 the EBF system the jet
impinges on the lower surface of the flap and spreads spanwise, covering most
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of the flap span. In the USB system, however, a different, more localized flow
behavior occurs as indicated in figure 3. The sides, or edges, of the jet sheet
produced by the engine exhaust roll up into vortices which enlarge and tend to
thicken the jet as it turns over the trailing-~odge flap. A number of factors
influence the formation of these vortices, but the ratio oi jet velocity to free-
stream velocity and the thickness of the jet prcduced by the engine exhaust seem
to be the most powerful. In addition to the vortex rollup of the jet sheet,
there may be additional vortices produced by the external shape of the USB noz-
zle. This is especially true for a sharp-cornered rectangular nozzle; the nozzle
vortices can be minimized by using a well-rounded or D-shaped nczzle. The over-
all effect of this vortex formation is to confine the jet influence to a highly
localized region near the jet. In fact, the jet may actually entrain free-stream
air in such a way as to cause spanwise flow 1inboard, rather than outboard. The
significance of this flow characteristic will be discussed in subsequent sections

of this paper.

Figure 4 presents high-lift data for a two-engin2 straight-wing USB configu-
ration (ref. 4) over a range of Revrolds number and for power-off and power-on
cases. The data show the anticipated large influence of Reynolds number on 1lift
for the power-off case, but for the power-on case (Cy = 3), the data show very
little effect of free-stream Reynolds number. These results have also been
observed in other investigations, indicating that for moderate to high thrust
coefficients, the lift characteristics of the complete configuration are pre-
dominantly influenced by the exhaust jet rather than the free-stream flow; this
factor may be related to the high level of turbulence of the jet as it impinges
on the wing. From these results, it appears that small-model data may oe used
with confidence in the design of propulsive-lift systems.

Shown in figure 5 are data illustrating the effect of a leading-edge
Krueger flap on the lift characteristics of a USB model with a high jet turning
angle (Sf = 600). The trailing-edge jet turning angle generates a strong upwash
field ahead of the wing, and the need for leading-edge devices for adequate pro-
tection against leading-edge stall is clea::y demonstrated by the data. As can
be seen, a marked increase in maximum 1ift coefficient and in stall angle of
attack resulted from the installation of a leading~edge Krueger flap.

One interesting point noted in tests of USB configurations is that close
attention must be given to leading-edge stall in the vicinity of the nacelle.
The very powerful upwash at the wing leading edge can pose serious problems
when the nacelle is close to the fuselage or another nacelle (as in a four-
engine arrangement). Figure 6 illustrates this r.obiem for a two-engine
straight-wing configuration and a four-engine swept-wing configuration. Both
configurations were large-scale wind-tunnel models powered by JT15D-1 turbofan
engines to provide a more realistic operational envirorment than that produced
by smail, cold jets.
a very strong upwash field was observed between the nacelle and fuselage during
power-on conditions. Without leading-edge treatuent in this region (which was
only about 2 percent of the wing span) the wing inboard of the jet and the entire
top surface of the fuselage between the nacelles was badly stalled. Reccatour-
ing the lowe surface of the nacelle to provide smoother flow transitiosn and
adding a leacing-edee Krueger flap with blowing BLC between the nacell. and
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During tests of the two-enginc straight-wing model (ref. 3),
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fuselage resulted in a significant improvement in the flow quality over the
fuselage. The left side of figure 6 shows the 1lift improvements resulting from

the modifications to the originzl wing.

A similar problem was encountered in tests of the large four-engine swept-
wing configuration of reference 9 which exhibited severe separaticn along the
leading edge between the fuselage and inboard nacelle and between the inboard
and the outboard nacelles. In this case, unsweeping the leadiug edges, recon-
touring the lower surface of the nacelles, and adding blown leading-edge Krueger
flaps resulted in the improvements shown on the right side of figure 6. These
data indicate a significant increase in both Cp pax and stall angle of attack

for the modified model.

The effects of partial- and full-span flaps on the lift characteristics of
a two-engine USB configuration are presented in figure 7. The data show that a
large increase in lift coefficient is obtained by extending the trailing-edge
flap to full span. In order to determine the proportion of this lift increment
due to power effects, the data were analyzed in terms of power~induced circula-
tion lift coefficient Cpp as a function of thrust coefficient, and the results
are presented in figure 8. The data of figure 8 show that the benefit of power-
induced circulation lift on the lift of a USB configuration with full-span flaps
is minimal. Also presented in figure 8 are data for an internally blown jet
flap in which the exhaust flow is distributed uniformly along the entire wing
span (ref. 10). Generally speaking, the localized-flow USB configuration pro-
duces about 65 to 70 percent of the power-induced circulation 1lift available

from an internally blown system.

Presented in figure 9 is a plot of the spanwise distribution of normal-
force coefficient for the same model used to obtain the 1ift data of figure 8.
The data of figure 9 are presented for power-off, power-on, and engine-out con-
ditions at zero angle of attack. These data indicate that the influence of the
exhaust jet on the wing is conta’~_u in a region extending approximately 1.75 noz~
zle widths cutboard of the nozzle. In fact, for spanwise locations outboard of
the 65-percent-semispan station, the power-off and power-on load distributions
are very nearly the same. Of course, the actual spanwise location at which the
engine-induced loads diminish to the power-off levels is configuration dcpendent,
but arrangements in which the engines are located well inboard on the wing will
generally exhibit this characteristic. From figure 9 it appears that the amount
of 1lift to be gained by deflecting a flap on the outboard portion of the wing
(beyond about 70 percent of the s~ ispan) is primarily the lift available from
unpowered flow conditions, and it i5 not likely to be greatly influenced by

power-induced effects.

Figure 10 presents the 1lift characteristics of a number of USB configura-
tions having different nozzle designs. Included are data for rectangular noz-
zles of three different width-height ratios, a fairly high kickdown D-nozzle;

a low kickdown D-nozzle with vortex generators (ref. 11), and a D-nozzle with
BLC (hybrid USB, ref. 12). The data presented have been plotted for a jet turn-
ing angle of 509, These data indicate that at low to moderate thrust coeffi-
cients, such as those used on approach, there is very little difference in lift
for the configurations tested. Thus, it appears that the lift characteristics

67

-

i

. f

v

e ety B
e N SO I A I

s ey anan

R



W, P bl ki ¥ 4 b i

o ’
RS
" [
SR

of USB configurations may be primarily a function of the jet turning perfor-
mance, assuming adequate leading~ and trailing-edge treatment to prevent pre-
mature flow separation. It has been shown (vef. 13) that the geometric nozzle
characteristics which are desirable for good turning (such as high-aspect-ratio
rectangular nozzles, large kickdown angles, 2ud flare angles) are detrimental to
cruise performar ». It appears, therefore, that variabla geometry features,

such as nozzle ‘lectors or vortex generators, or BLC ma - be required to achieve
optimum performance for both the high-speed and low-speed flight conditions. 1In
any event, the design »~f a single nozzie to satisfactorily fulfill both the high-~
speed and low-speed requirements represents a significant challenge to the
designer.

The roregoing aiscussion has centered on the 1lift performance of the USB
concept. However, drag characteristics are also important from an operational
viewpoint. A flight envelope relating glide path, lift coefficient, thrust-
weight ratio, and angle of attack is very useful in relating 1ift and drag to
overall performance because it serves to establish power requirements and speed
margins for a given configuration. Figure 11 presents trimmed flight envelopes
for a two-engine straight-wing USB configuration and for a four-engine swept-
wing USB configuration. The 1ift data for these two configurations are con-
tained within the bands shown on figure 10 and are therefore generally repre-
sentative of USB configurations tested.

At the present time, there are no certified requirements for approach per-
formance of powered-lift airplanes. For the da:a of figure 11, it is assumed
that the aircraft will fly a 7.5° glide slope at a lift coefficient of 4.0. In
the event of an engine failure, it must be pos-.ible to arrest the descent with
full power on the remaining engines without changing flap setting or lift coef-
ficient. From the data on the left side of figure 11 it can be seen that, for
the two-engine configuration, the landing approach can be flown at a thrust-
weight ratio of 0.21 with a stall margin of about 14°. In order to arrest the
descent at this same flap setting, a thrust-weight ratio of 0.35 is required.

It has been found with this model and with other USB (and EBF) models that such
performance envelopes a~ve almost the same with one engine out as with all engines
operating. Hence it can be concluded that, for this two-engine configuration, a
total installed thrust-weight ratio of about 0.70 is required.

A similar analysis of the data for the four-engine configuration shown on
the right side of figure 11 indicates an approach thrust-weight ratio of 0.25,
and an engine-out thrust-weight ratio requirement of 0.45. In the case of the
four-engine configuration, only 25 percent of the available thrust is leost in an
engine failure, so the four-engine aircraft requires an installed thrust-weight
ratio of 0.60.

Based on such analysis, it appears that somewhat higher values of thrust-
weight ratio are required [or the two-engine configuration than for the four-
engine configuration, as would be expected. The data of figure 11 have been
found to be generally representative of both USB and EBF configurations; gen-
erally, both concepts require higher installed thrust-weight ratios than inter-
nally blown flap concepts (such as the distributed blowing concept which
distrisutes the jet uniformly along the wing span). The simplicity of the
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discrete-blowing, powered-1ift systems, however, make them attractive for appli-
cation to powered-lift STOL aircraft, as indicated by the selection of the USB

and EBF concepts for use in the powered-1ift prototype aircraft of the U.S. Air
Force Advanced Medium STOL Transport program.

LONGITUDINAL STASILITY AND iRIM

It is a well-known fact that provision of adequate trim in pitch is a seri-
ous problem for powered-lift airplane configurations as illustrated in figure 12.
The data show the variation of pitching moment with angle of attack for several
thrust levels at high 1ift conditions for a sweot-wing, two-engine USB config-
uration with the horizontal tail off. It should be noted that high thrust

increases the longitudiral instability as well as the diving moments of the
configuration.

The significance of the large diving moments produced by powered lift in
terms of tail size required for trim is shown in figure 13. The figure shows
the tail size required for trim as a function of tail 1lift coefficient fcllow-
ing the procedure outlined in reference 14. The tail trim requirements were
determined for a maximum wing lift coefficient of 8, a tail length of 3.5C. and
a static margin cf 10 percent. Figure 13 shows that for a plain elevator, the
tail size required for trim is about 37 percent of the wing area, a value nearly
double that required by conventional airplanes. The use of a slotted elevator
can reduce the required tail size to about 30 percent of the wing area, but a
considerably higher tail lift coefficient would be required to reduce the size
of the tail to that for conventionrl airplanes.

The foregoing data have shown that the powered-1lift configurarion exhibits
large pitching moments and that a large tail is required for trim. It should be
pointed out thet one very important factor which must be considered in sizing
the tail is the tail location. As in the case of other powered-lift systems,
the high 1ift generated in the USB cnncept results in very high downwash angles,
particularly directly behind the engines. For this reason, care must be taken
in locating the horizontal tail so as to avoid the high downwash region in which
the tail could become ineffective. As an example of the flow characteristics

behind a USB configuration, the variation of the downwash factor 1 =- 2 with

aa
C;, for the two-engine contiguration for three vertical locations of the hori-

zontal tail is presented in figure 14. The data in figure 14 are for low-angle-
of-attack conditions, and the increase in lift coefficient is obtained by an
increase 1a thrust rather than by an increase in angle of attack. The data of
figure 14 show that regardless of the tail location, the tail lost effective-

ness as power was increased, but the high tail position was much better than
the lower positions.

Flow survey work for USH configurations has not been as extensive as for
EBF configurations, so earlier w % performed on EBF r>dels was used for guidance
with regard to tail location. Stability and control studies of EBF configura-
tions showed that with engines located inboard on the wing, a strong downwash
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field was produced along the rear of the fuselage which made the low tail
avrangement undesirable from stability considerations. Also, it was found that
vortices shed from the wing tips and flaps did not trail straight backward but
were drawn in sharply toward the centerline of the airplane. At high angles

of attack, a horizontal tail located relatively far rearward and low would enter
the vortex flow and become ineffective. For this reason, the horizontal tail
was generally located high and forward to retain its stabilizing contributing
for higher thrust levels and higher angles of attack. Limited flow survey work
with the USB concept has demonstrated downwash characteristics similar to those®
of EBF concepts, and similar high~forward horizontal tail locations have proven
desirable from longitudinal stability considerations.

FW-‘,
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In order to illustrate how the downwash data of figure 14 affect the con-
tribution of the horizontal tail to stability, calculations have been made to
determine the Cmu contribution of the tail at the high and low tail locations
of figure 14. The results a*e shown in figure 15 together with tail-off data.
The cail contributions are based on a tail size of 35 percent of the wing area
and a tail length of 3.5%. The data show that at low lift coefficients, the
high tail position provided adequate stability. The low tail, however, pro-
vided very little stability at low lift coefficients and, as the 1lift coeffi-
cient was increased by increasing power, the combined effects cf increased
instability of the wing-fuselage combination and reduced tail effectiveness
resulted in a very unstable configuration at high power settings.

LATERAL-DIRECTIONAL STABILITY

The lateral-directional stability discussion presented herein is based on
results obtained for two USB model configurations which were flight tested in
the Langley full-scale Junnel. PhLotographs of the two models mounted for static
force tests are presented in figure 16. One model, with an unswept wing and two
engines mounted close inboard to the rfuselage, represented a 1/5-scale model of
the large-scale USB Aero Commander configuration recently tested in the Langley
full-scale tunnel. The second model was a four-engine, swept-wing USB configu-
ration. Although the two models werc different in planform and engine arrange-
ment, the powered-lift characteristics for the two configurations were generally
very similar, as illustrated by the data in figure 17. The lateral-directional
stability characteristics for the two models, however, were considerably dif-
ferent, as shown in plots of the directional stability derivative C“B and the

effective dihedral derivative C18 in figure 18. As shown by the data, the

swept-wing configuration had relatively large values of positive effective
dihedral which increased as 1ift coefficienL increased. The directional sta-
bility was also relatively high and chere was an increase in directional sta-
bility with increasing 1lift coefficient. The data for the straight-wing con-
figuration show that the dihedral effect was relatively small and actually
decreased with increasing power, but the directional stability increased very
rapidly as power was applied. The differences in dihedral effect for the two
configurations can probably be attributed tu the differences in wing sweep angle.
The differences in directional stability were primarily a result of differences

70

=TT T 171 1.1 L LT T I T e e

T s o e 1 A s

e
SRR S P S

e L)
JUUTE S PR PR 0

- o Fe o4 I
IMEPSIETIIEIP S S/ KPR )

— e

'r

H L 13 o e . i e
o ek e e e e

e — e e e e e gt




S AN
o)

e —
-

- R -
U

it B

Wt ok

I T S 0 b

“of
va2i2

¥ pa

¥

v e

o]

RIS
e

in the effect of the engine exhaust wake on the vertical tail. The engines were
located mucii closer to the fuselage on the straight-wing configuration than on

the swept-wing configuration, and the vertical tail was influenced much more by
sidewash than on the swept-wing arrangement.

In order to illustrate how these differences in the static lateral-~
directional stability derivatives affect dynamic lateral-directional stability
characteristics, period and damping characteristics were determined by using
three-degree-of-freedom calculations for the two models; the results are pre-
sented in figure 19. The data show Dutch-roll characteristics in terms of the

damping parameter T;-Z and the damped frequency parameter wy. The handling

quality boundaries were taken from an AGARD publication for 3TOL handling cri-
teria (ref. 15). The plot on the left of figure 19 shows that the Dutch-roll
oscillation for the swept-wing configuration was unstable and would be consid-
ered unacceptable with power off (CL = 1.5) or on (CL = 5.0). In order to
achieve acceptable Dutch-roll characteristics, the damping in bath roll and
yaw would have to be doubled; even higher artificial damping would be required
for satisfactory characteristics. In contrast to these results, the plot on
the right side of figure 19 shows that the Dutch-roll mode for the unswept-
wing configuration was stable and that increasing power resulted in increased

Dutch-roll damping, with the result that satisfactory characteristics could be
achleved without artificial stabilization.

ENGINE-OUT LATERAL TRIM

Oue of the major problems associated with powered-lift systems utilizing
discrete blowing is that of restoring lateral trim in the event of the failure
of one engine. This problem involves both roll and yaw, with the roll require-
qent being the more critical in an approach condition. One major objective of
recent research on the USB concept was to determine effective means of provid-~
ing roll trim for the engine-out condition. One method found to be effective
for the USB configuration was that of asymmetrical boundary-layer control, that
is, boundary-layer contrcl on the leading edge and on the aileron of the engine-
out wing. Some lateral trim data obtained with this me:hod of trim are shown
in figures . ) and 21 for the swept-wing and straight-wing flying models.

Figure 20 is a plet of yawing-momeat coefficient and rolling-moment coeffi-
cient plotted against lift coefficient for the four-engine, swept-wing flying
model. In a four-engine operation, the rolling moments were essentially zero
and a maximum trimmed 1lift coefficient of 10 was achieved. With the failure of
an outborrd engine, the maximum 1lift coefficient decreased to about 8 and large
out-of-trim rolling and yawing moments were introduced. By applying boundary-
layer control to the failed engine side, it was possible to simultaneously pro-

vide roll and yaw trim. Additional moments produced by spoiler deflection could
then be used for maneuver contrcl.

The data of figure 21 show the engine-out rolling-moment and yawing-moment
ccefficients plotted against 1lift coefficient for the two-engine, straight-wing
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flying model. 1In this case, the application of boundary-layer control to the
failed-engine side reduced the out-of~trim rolling and yawing moments, but it
was necessary to employ spoiler deflection and a blown rudder to achieve roll

and yaw trim. Additional spoiler and rudder deflection were available for

maneuver control.

MODEL FLIGHT TEST RESULTS

As part of the basic research program of USB jet-flap configurations,

dynamic stability and control investigations have been made of the four-engine
swept-wing configuration and the two-engine straight-wing configuration by using
the free-flight model technique. This technique has proved to be useful in pre-
vious research in pointing out problem areas which might have been overlooked in
conventional testing. The swept-wiug model, shown in flight in figure 22, had
a span of 3.05 m (10 ft) and was powered by four 13.97-cm-diameter (5.5 in.)
turbofan engine simulators driven by compressed air. The horizontal tail incor-
porated a Krueger flap, and the elevator was deflected upward 50°. Longitudinal
control was provided by deflecting the entire horizontal tail, and lateral-
directional control was provided by spoilers and rudder. The two-engine straight-
wing model was powered by turbofan engine simulstors similar to tnose used on the
swept-wing model and hzd a similar control system.

The free-flight technique is illustrated in figure 23. This figure shows
a model being flown without restraiunt in the 9- by 18-m (30- by 60-ft) open-
throat test section of the Largley full-scale tunnel and remotely controlled
about all three axes by human pilots. Control surfaces are operated by remotely
controlled pneumatic actuators. Pneumatic power and electric control signals
are supplied to the model through a flexible trailing cable made up of electri-

cal conductors and light plastic hoses.

The results of the free-flight model tests showed that with all engines
operating and with artificial damping about the roll and yaw axes, the models
were easy to fly even at lift coefficients up to 8.0. Without artificial sta-
bilization, however, the swept-wing model exhibited a lightly damped Dutch-roll
oscillation which made flying difficult. The straight-wing model exhibited good
damping characteristics and was easy to fly without artificial stabilizatiom.
These results were in good agreement with the previously discussed dynamic sta-
bility calculations. With one engine inoperative, the models were trimmed
laterally through the use of boundary-layer control on the leading edge and
aileron of the engine-out wing and through the use of spoiler and rudder deflec-
tion as needed for additional lateral-directionsl trim. With artificial damping,
the models were flown up to high lift coefficients, and the dynamic behavior with
one engine inoperative was found to be generally similar to that for all engines

operating.
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CONCLUDING REMARKS

The results of recent wind-tunnel investigations to provide fundamental
information on the upper-surface-blown (USB) jet-flap concept demonstrated that
the USB concept provides good high-1lift performance. The low-speed performance

appears to be mainly dependent upon the jet turning angle and turning efficiency

and on the use of proper leading~ and trailing-edge treatment to prevent prema-
ture flow separation. The best means of achieving good turning performance in
any particular USB application must be determined from overall operational con-
siderations in which high-speed performance, structures and noise, as well as
low-speed performance, are evaluated. The large diving moments generated at
high 1ift coefficients can be trimmed satisfactorily with a large, conventional
horizontal tail; a high tail position is best from longitudinal stabiliry con-
siderations. Large rolling and yawing moments are introduced with the loss of
an engine, but these moments can be trimmed satisfactorily through the use of
asymmetrical boundary-layer control and through the use of spoiler and rudder
deflection as needed.
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Figure 1.~ Static turning characteristics of several USB c~nfigurations.
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Figure 4.- LEffect of Reynolds number on _ift charactecistics
for two-engine straight-wing USB contfiguration.
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Figure 22.- Photograph of four-engine swept-wing free-flight

USB model in the Langley full-scale tunnel.
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