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AERODYNAMIC CHARACTERISTICS OF A LARGE-SCALE MODEL WITH
AN UNSWEPT WING AND AUGMENTED JET FLAP

By David G. Koenig and Victor R. Corsiglia
Anmes Research Center

and

Joseph P. Morelli
Army Aeronautical Research Laboratory

SUMMARY

An investigation was made to determine the aerodynamic characteristics of
a complete model equipped with an augmented jet flap. The augmented jet flap
is a Jjet flap with the primary jet thrust increased by means of an ejector
system installed in the wing trailing-edge flap. The flap was installed on
the inboard part of the wing, and blown ailerons were installed on the out-
board part. Tests were made with and without the horizontal tail at zero air-
speed and at a dynamic pressure of 8 psf corresponding to a Reynolds number of
3.0x108,

The measured thrust of the augmented jet flap was about L.42 times that
of the measured primary jet for flap deflections of 60° and 70° and 1.25 times
the isentropic jet thrust. This ratio did not significantly decrease at for-
ward speed. A maximm 1ift coefficient of 6 was measured for a jet coeffi-
cient of 1.30 when the model was equipped with full-span leading-edge slats.
Symmetrical aileron deflection and flap boundary-layer control were effective
in producing 1ift increments at model attitudes below that for wing stall.
With the horizontal tail installed, the variation of pitching moment with
angle of attack was stable up to and including wing stall. Comparisons with
jet flap test results on the basis of the same static thrust output of the
systems indicated that the present augmented-jet flap configuration produced
slightly higher 1ift increments and had more forward center-of -pressure loca-
tions. For the same isotropic primary thrust, the augmented jet flap produced
50 percent more Jjet force and 22 percent more 1lift than the jet flap.

INTRODUCTION

The jet flap has been considered in several forms for integration into
the 1lift propulsion systems of STOL turbojet or turbofan aircraft. Most of
the designs have high-velocity-jet sheets expelled either at the wing trailing
edge or over the top of a trailing-edge flap. Wind-tunnel studies of some of
these designs are reported in references 1 through 4. Integration of the jet
flap into aircraft designs has been difficult because of problems in deliv-
ering sufficient gas flow to the wing trailing edge to achieve the needed



Jet thrust. Another difficulty with the jet flap is that large nose-down
pitching moments result when the jet is expelled near the wing trailing edge.

The auvgmented jet flap or augmentor wing was proposed in reference 5 as
an improvement over the basic jet flap in the sense that higher jet thrusts
and less negative pitching moments would result. In this concept, the thrust
of the primary Jjet is augmented by an ejector system combined with the
trailing-edge flap. The design and possible applications are discussed in

reference 5.

In order to determine the aerodynamic characteristics of the augmented
jet flap at high Reynolds number, a large-scale model was built and tested in
the Ames 40- by 80-Foot Wind Tunnel. The wing of the model was unswept, and
the augmentor wing section extended 60 percent of the span. The compressed
air for the augmentor was supplied by axial flow compressors with turbines
driven by the exhaust gas of a Jjet engine. Static tests and wind-tunnel tests
out of ground effect were made Tor flap angles from 30° to 100°. At augmen-
tor flap angles of 60° and 100°, the model was tested with a high-positioned
horizontal tail. The investigations included the effects of sideslip and
differential aileron deflection.

NOTATION
a gap between the upper Jet-augmentor door and the upper surface of
the wing (see fig. 2(b)), in.
Jp Jp Ia
A augmentation ratio of the jet augmentor, ——, —, or —
” I Ig Ip
AR wing aspect ratio, %r
b wing span, Tt
c wing chord, ft
c mean aerodynamic chord, Tt
cF flap chord, ft
Cp wing root chord, ft
s ol drag
Cp drag coefficient, S
Com total momentum drag coefficient due to gas generator and compressor
gas flow
Cg Jjet force coefficient, or total jet force coefficient,
Jet reaction force
CJA = ] c!-lf + C“a 3 a8
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Pq

Peo

rolling-moment coefficient with reference to stability axes,
rolling moment
gSb

1ift
gs

Cr, less vertical thrust component,
e = Gy sin(o + 6) - Cup sin(q + &¢) - Cu, sin(a + dg)

1ift ccefficient,

flap lift effectiveness parameter for the augmented jet flap and the
Jet flap, respectively, obtained from linear theory for E =1

flap 1lift increment, Cp, - (CL, a=0,6 =0, Cg=0)

pitching moment
gSey

pitching-moment coefficient,
c
at the 7? point

yvawing moment
gSb

tail-pipe thrust coefficient, ta:l—plgg LI

yawing-moment coefficient,

side-force coefficient with reference to wind axes, ELQ%EEQEEE
nozzle reaction force
aS
nozzle reaction force
qsS
gap between lower sugmentor door and flap lower surface (see
fig: 2(b)); 1n.

aileron blowing coefficient,

flap blowing coefficient,

°f
flap chord ratio, =

horizontal-tail incidence, positive with trailing edge down, deg

Jjet force, evaluated at V= 0, 1b

Jet reaction force evaluated at Ve = 0 with the upper door and
flap removed, 1b

c

distance from the -3? point on the wing to point on the hori-

=100

zontal tail, ft

mass rate of flow through the primary nozzle of the Jet augmentor
measured as compressor output less aileron flow, slugs/sec

augmentor-duct total pressure (see fig. 2(g)), 1b/sq ft

free-stream static pressure, 1lb/sq ft

; moment center located



A

free-stream dynamic pressure, lb/sq ft
wing area, sq ft

portion of the wing area included by the jet flap installation,
sq Tt

area of the horizontal tail, sq ft
wing maximum thickness

duct total temperature, °Rr
free-stream total temperature, °r

local velocity at augmentor exhaust, f£t/sec
horizontal tail volume coefficient (—3;) Cf)
free-stream velocity, ft/sec

weight rate of flow, 1lb/sec

location of the center of pressure in wing chords with respect to
the wing leading edge

distance outboard from the model plane of symmetry, ft

distance above the moment center measured perpendicular to the
extended wing chord plane, ft

model angle of attack, deg
angle of sideslip, deg

aileron deflection; (SaL/aaR = 60/80 means lef't aileron at 60O and
right aileron at 80°) positive with trailing edge down, deg

(right aileron deflection) ~ (left aileron deflection)
lower-door deflection, positive with trailing edge down, deg

elevator deflection, positive with trailing edge down, deg

flap deflection (see fig. 2(b)) positive with trailing edge down, deg

downwash at the horizontal-tail position (along the 50 percent tail

chord line), deg

dimensionless spanwise location, %F



e augmented jet force angle or jet angle evaluated for the present inves-
tigation on the static test stand with reference to the wing chord

plane, deg
Configuration Notation

D lower door extension (see fig. 2(b))
E end plates on the outboard edge of the jet augmentor (see fig. 1(f))
F fences.on top of the wing near the wing-fuselage Juncture (see

fig. 1(£))

Subscripts

a aileron
A augmented jet flap
d duct or lower door
g flap
T isentropic conditions
J Jet, Jjet flap
L lift or left side
R right side
u uncorrected
o0 free stream

MODEL AND APPARATUS

Figures 1(a) through (e) show the model mounted in the wind tunnel and
on the static test stand.

Basic Model

Geometric data for the model are presented in table T and sketches of
the model are shown in figure 2. When the horizontal tail was not used, it
was replaced with a rake having five directional pitot tubes. The wing was
equipped with a full-span, fixed, leading-edge slat (see fig. 2(c)).




Blowing Systems

The model was equipped with three blowing systems: the jet augmentor,
trailing-edge-flap BLC, and aileron BLC. Air supply for the augmentor and
aileron duct systems was provided by the load compressor unit shown in fig-
ure 2(f). The flap BLC primary air was supplied by the J-85 compressor bleed.
The load compressors were modified Viper engines driven by hot gases from a
J-85 gas turbine engine. These hot gases exhausted out the Viper tail pipes.
The augmentor, aileron BLC and flap BLC ducts are shown in figure 2(g). Typi-
cal variations of airflow guantity and temperature measured in the augmentor
duct are shown in figure 3. Total pressure loss in the augmentor ducts
between the load compressor and the primary nozzle was below 4 percent for
most test conditions.

Jet augmentor.- The jet augmentor was an ejector system with the forward
wall formed by the wing, fixed wvane, and lower door as shown in figure 2(a).
The rear wall was formed by the upper door and trailing-edge flap. Primary
air from the load compressor was ejected into the augmentor which pumped in
secondary air from the wing upper surface and from the lower surface through
the two slots formed by the nozzle, fixed vane, and lower door. The mixed Jet
was ejected downward between the flap and lower door. The present system was
designed for most efficient operation for a flap deflection of about 65°.

TFor given flap deflections, &f, the inlet and exit gaps, a and d (see
fig. 2(b) section A-A) were varied remotely. The upper door lip could be
varied independently of the upper door to maintain unseparated flow at the
leading edge. During most of the tests the lip was fixed at a 5° deflection
as shown in figure 2(d). The force output of the augmentor was varied during
the tests by the adjustment of the throttle setting of the gas generator.

For the static tests, inlet fairings were installed on the lip and side
of the augmentor to reduce the stall inside the augmentor lip (see fig. 1(e)).

Flap BLC.- Compressor bleed air was ducted to the flap BLC nozzles as
shown in figure 2(g). The nozzles were part of an ejector system with the
secondary air entering through openings in the upper door lip (see figs. l(e)
and 2(d)) and flowing down inside the upper door to the mixing chamber. Flap
BLC flow quantities were wvaried for a constant augmentor output by coordi-
nating the J-85 throttle and compressor bleed valve. '

For o&f = lOOO, flap construction was such that a spanwise slot on the
flap knee behind the BLC nozzle was unported. (See fig. 2(d).) The slot was
1 inch wide and the BLC jet sheet had to cross it before impinging on the
surface of the flap radius.

Aileron BLC.- As shown in figure 2(g), the aileron BLC system was fed
through the forward air-supply duct of the jel augmentor. Aileron blowing
was therefore coupled with the augmentor output and was never varied inde-
pendently. Airflow to the ailerons was 5 percent of the total Viper com-
pressor output.



Modifications

Modifications designed to improve slightly the aerodynamic character-
istics of the model are as follows: Root fences were installed on the model
as shown in figures 1(c) and (f). They extended 5 inches (7.4 percent) above
the wing surfaces and were oriented parallel to the model plane of symmetry
coincident with the inboard end of the jet augmentor. Augmentor end plates
were installed at the outboard edge of the augmentor as shown in figure Hek.
The lower door extensions were T.5 inches (11 percent cyef) as shown on the
sketch in figure 2(b). Configuration notation will be F, E, and D for the
root fences, end plates, and the door extensions, respectively.

TESTS

Statlic Tests

The static tests were made with the model 12 feet above the decking of
the test stand with the model pitched down 5°. The cbjectives of these tests
were to evaluate the static efficiency of the augmentor and to define the
static forces exerted by the three blowing systems for use in computing, Cju,
Cup, and Cp, during the wind-tunnel tests. Tests were made with and without
the upper door flap assembly. With the assembly installed, force and moment
data were obtained at various lower door positions, d, for a given power and
flap setting. For all tests, the upper door was set at positions that pre-
vented flow separation inside the inlet of the augmentor.

Wind-Tunnel Tests

The tests were made primarily with varying angle of attack at constant
duct pressure and airspeed. Table II may be used as an index to these tests.
A few tests were made with varying flap BLC. For all the tests, the positions
of the upper door (a in fig. E(b)) or upper door lip were adjusted to main-
tain zero static pressure difference between the upper and lower side near the
lip of the upper door. The position of the lower door (d in fig. 2(b)) was
maintained at the position for which a maximum augmentation ratio was measured
during the static tests for a given flap setting. An exception was the 100°
flap setting for which d was limited to about 3.0 inches by model construc-
tion factors.

The angle-of-attack range for the tests was -12° to +29. The yaw range
was 0° to 12°. The model was tested with flap settings of 30°, 45°, 60°, 70°,
and 100°, and aileron settings from 0° to 70°. Most of the tests were made at
a dynamic pressure of 8 psf equivalent to a Reynolds number of 3.0x108 based
on the wing root chord. A few tests were made at dynamic pressures of 5, 12,
and 20 psf.




DATA ACQUISITION AND REDUCTION

Data Acquisition

Three-component force and moment data were obtained during the static
tests, and six-component data were obtained during the wind-tunnel tests. For
all tests, the moment center was located at the cp/4 point and 0.20 ¢y below
the wing chord plane.

Total and static duct pressures and temperatures at specific measuring
stations in the duct systems were recorded for the three blowing systems.
Calibrations of the duct system and load compressor prior to model assembly
were used to evaluate mass rates of flow. The calibrations of the load com-
pressor were also used to evaluate taill-pipe thrust as functions of tail-pipe
total pressure and temperature. During the static tests, the tail-pipe
exhaust deflection was measured by means of a total head rake 10 feet behind
the tail pipes. The center of the wake was found to be within 1° of being
parallel to the wing chord plane.

Other data obtained during the tests were as follows: surface pressure
measurements of the jet augmentor and control surfaces at the 49 and 84 per-
cent stations (n = 0.49 and 0.84); augmentor exit total and static pressure
distributions at one spanwise station; measurements from a total head rake
on the upper surface near the trailing edge of the flap; directional pitot
static measurements of downwash at the horizontal-tail position; and photo-
graphs of wing surface tufts for most test conditions.

Data Reduction
Blowing parameters.- Thrust values measured during the static tests

were used to calculate the blowing parameters for each test condition for
corresponding jet augmentor or flap configurations and duct pressures.

Force and moment data.- For all force and moment data presented, the
effects of load compressor tail-pipe thrust and inlet ram drag have been
subtracted from the measured values. For tests with the model yawed, the
forces were resolved with respect to the wind axes and the moments, with
respect to the stability axes. Corrections to wind-tunnel force and moment
measurements were as follows:

Cp = Cp, + (Cp - Cp,)cos a cos ¥
CL = C]:'u - (CT - CDm)Sin (¢ 7

Cp = O + 0.k (Cp - Crp)

C, = C -

¥ Vi, (CT - CDm)cos o sin ¥

= = mrme o nm—————— R ———
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Cn = Cn,

i

)

1

Cuy
where CLu, cDu’ Cmu’ cYu’ Cnu and Clu were the coefficients based on mea-
sured force and moments, and o and ¥ were geometric angles of attack and

yaw.

Wind-tunnel wall corrections.- For power-off test results, corrections
for wind-tunnel wall constraint were applied to the data as follows:

I

a8

o, + Ooll-lf- CLU.

I

Cp = Cp, + 0.0077 cLu2

The power-on test results are presented for all the tests without correc-
tions for wind-tunnel wall effects, but some discussion and summary figures
presented are based on corrected data. The method used for correcting the
data is described in reference 6 and will be referred to as the "CLpaggrp"
method. Corrections were cobtained using the relations for the power off case
and replacing cLu with an effective circulation lift coefficient obtained by
subtracting from CLu the reaction 1ift resulting from the blowing systems,
that is, the summation of the vertical components of CgJp, Cug, and Cppe

The corrections are, therefore:

il

a Qqy + 0.4k GLAERO

2
with the horizontal tail on,

Cm

n

Cmu + 0.40 CLaRRO

A sampling of the data corrected by this method is presented in figure L for
comparison with the uncorrected results and the results corrected by the
methods of Heyson and Maskell (see refs. 7 and 8). The Heyson method incor-
porated the modification suggested in reference 9 in which the wake deflection
angle given in reference 7 was halved before the wall constraint effects were
calculated. The three methods are shown to agree well for angle of attack

but the Heyson method gives somewhat higher drag corrections.

RESULTS

Static Test Results

Measurements made during the static teste are presented in figure 5 in
the form of augmentation ratios, that is, the ratios of the measured reaction

9



force to the isentropic force JI = mjVjI, where va is the jet velocity

calculated assuming isentropic flow conditions and ms was the measured mass
flow rate. These results were assumed to be representative of the Jet aug-
mentor performance throughout the wind-tunnel tests and were used to compute
Cap = (Static, augmented jet force/qS) for given lower door positions and

pressure ratios. For the discussion that follows, the performance of the
primary nozzle will be assumed as indicated by the data in figure 5(a).
These measurements were made with the flap and upper door removed but with
the Coanda surface and lower door in place.

During the wind-tunnel tests, the optimum locations of the lower door
were used which produced the highest augmentation ratios shown in figure 5.

Figure 6 shows the variation of jet angle with flap setting. Jet angle,
B, is defined as the angle between the wing-reference plane and the jet force
vector at zero airspeed. For the present installation, the egquivalent jet
angle was generally 10° less than the flap setting, &f. The Jjet force vector
would then be parallel with the lower surface of the flap; see figure 2(d).

Wind-Tunnel Results

The basic wind-tunnel data are presented in figures T through 2kL.
Table II is an index to the figures. No wind-tunnel wall corrections have
been applied to these data. Values of Cj, Cpn, and Chg listed in the

figures were the averages obtained during the polars prior to wing stall.
The excursions of the actual values from the averages prior to stall were
within 3 percent. After stalling was initiated (generally at the wing root),
the excursions were sometimes as high as 6 percent of the average values.

Leading-edge slats.- Test results showing the effect of the leading-edge
slats are presented in figure 7 for &f = 0, in figures 18(a) and (b) for
8f = 60° horizontal tail off, and in figure 20(d) for the horizontal tail on.
Because of the improvements in aerodynamic characteristics achieved by the
slats, all other test results were obtained with full-span slats installed.

Flap deflection.- Test data for the model with the horizontal tail off
are presented in figures 8 through 14 for &f = 30° to 100°. For a jet
coefficient of CJF = 0.81 interpolated data are presented in figure 15 for
several flap deflections.

Jet coefficient.- The variations of 1ift with Cgj for constant angle of
attack are presented in figure 16 for &p = 60° and 70°. Data in figure 16
for other test dynamic pressures fair in smoothly with the measurements at
q = 8 psf, demonstrating that Cg as based on measured static thrust serves
well as a correlating parameter.

Symmetrical aileron droop.- The effects of symmetrical-aileron droop
are presented in figures 10, 12(d), 13(d), and 14(b) for &p = 45° to 100°.
Because the Jet augmentor air supply was coupled with the aileron BLC system
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supply, the effects of aileron BLC could not be isolated from the effects of
augmented-jet thrust in the wind-tunnel tests.

Flap BLC.- Variations of C; with Cup for constant Cy and a are pre-

sented in figure 17. Tuft observations indicated that for the highest wvalues
of Cuf obtained with &f = lOOo, the flow over the flap was separated even
though, as shown in figure 17, a 1ift increment of 0.5 was obtained when BLC
was used (Cg = 0.8).

Wing modifications.- Data indicating the effects of doors, end plates,
and root fences with power on are presented in figure 19. No tests were made
with 2ll modifications removed. However, tuft patterns showed that the pri-
mary effect of the fences was a small delay in the onset of root stall for
model attitudes between O° and 4°. This delay indicated that for the lower
lift range, the fence had little effect on the force characteristics of the
model. For the lower 1ift range, the combined effect of the door extensions
and end plates was to increase C1, by 0.2 and decrease Cp by 0.1 from that
for the model with the root fences installed.

Results with the horizontal tail on.- Data are presented in figure 20
for the model with the horizontal tail. Since tests with the tail on were
limited to flap deflections of 60° and 100°, downwash measured with a set of
directional probes mounted in place of the horizontal tail are presented in
figure 21 for the full range of flap settings considered with tail off. Mea-
surements of the local dynamic pressure indicated that for the conditions
represented by figure 21, the local values were within 3 percent of the free-
stream dynamic pressure. Calculated pitching-moment contributions of the
horizontal tail based on the data of figure 21 indicated that the same degree
of static stability would be contributed by the horizontal tail with the 30°
and 70° flap settings as was measured with the 60° and 100° settings.

Lateral and directional results.- Six-component data showing the effect
of sideslip and ailerons are presented in figures 22 through 24 for the model
with the 60° flap setting. The contribution of the vertical tail may be seen
by comparing figures 22 and 23.

The effect of differential aileron deflection is summarized in figures
25(a) and (b) for sideslip angles of 0° and -8°. The aileron provided effec-
tive lateral control at low angles of attack, but as angle of attack was
increased, control effectiveness decreased consistently and adverse yaw
increased. As an evaluation of the measured aileron effectiveness, values,
shown in figure 25, were calculated according to antisymmetric loading theory
of reference 10 with the addition of the antisymmetric reaction force due to
the aileron BLC jets.® As shown, the calculations agree with the measured
values for a = Oo, indicating that the ailerons were operating efficiently
for the low aircraft attitudes. In comparison to the rolling moments mea-
sured for the model in sideslip, the lateral-control effectiveness of the

1The reaction force coefficient due to aileron BLC was assumed to be,
iCug(sin 81, - sin 8R) where 1 was 0.86.
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present aileron configuration appears to be adequate for trimming the aircraft
at sideslip angles up to sbout 8° at 16° angle of attack.

The adverse yaw due to the ailerons increased with angle of attack from
—(Acn/ACE)aa = 0.34 at o= -8° to 0.77 at « = 8°. These values are con-
sidered large compared to desirable lateral control characteristics and should
be a subject for future research.

DISCUSSION

Jet-Augmentor Performance

Zero airspeed.- With the complete jet augmentor assembly, the static test
results (see fig. 5) show that for a given flap setting, augmentation ratios
were sensitive to lower door position, with slightly lower values measured
for the higher pressure ratios. Results of initial static tests (for which
data have not been presented) indicated that upper door position had little
or no effect on augmentation ratio unless flow separation occurred on the
inside surface of the upper door.

Figure 26 shows that near maximum values of augmentation ratio were
obtained for the design flap settings of 60° and 70°. The augmentation ratio
dropped rapidly as flap deflection was either increased or decreased from
these settings. The augmentation of the isentropic thrust for &p = 60° and
70° was JA/JI = 1.25, and the augmentation of the measured primary jet (with

upper door flap assembly removed) was JA/JP = 1.42. This performance was

similar to that obtained with the small bench model Coanda ejectors of refer-
ence 11 which were similar in configuration to the present jet augmentor.

For the off-design flap settings, smoke flow studies and oil residue
patterns indicated that flow separation occurred for &p = 30° and 45°.
For &f = 100° local flow separation was extensive on the lower door imme-
diately behind the Coanda surface. Consequently, the off-design performance
of the augmentor could probably be improved if the Coanda surface were
rotated as flap deflection was changed. Further improvement for ©&f = 100°
could probably be obtained by minimizing the reduction of augmentor throat
area as flap deflection was increased beyond the design settings.

The effect of airspeed.- During the wind-tunnel tests, the performance
of the Jjet augmentor was monitored at one wing station by means of a total
and static pressure rake. Typical velocity profiles of the augmentor exhaust
measured at a free-stream dynamic pressure of 7.8 psf are presented in fig-
ure 27. The measurements indicate that the augmentor was functioning as an
efficient ejector pump. For Cgp = 1.26, the isentropic velocity of the
primary Jet was 1210 ft/sec, with the velocity distribution at the augmentor




exhaust showing a profile similar to that of well developed channel flow with
a maximum velocity of 415 ft/sec.

Integration of the rake measurements gave values of Cg, close to those
based on static jet force measurements for corresponding power settings and
lower door settings. For example, with the conditions of &f = 60° and
Cgp = 1.26, and uniform augmentor performance assumed along the span, the
value of CJ obtained from the rake measurements was 1l.30. This result, as
well as the data of figure 16, indicated no reduction in augmented jet thrust
with increasing airspeed for the range of airspeeds tested.

Effect of the Augmentor on the Longitudinal
Characteristics of the Model

Data for zero sideslip showing the effect of augmentor operation on the
longitudinal characteristics of the model have been corrected for wind-tunnel-
wall effects by means of the Crpmgrp method described in reference 6. The
results considered in the following discussion are based on these corrected
data for the model with full-span leading-edge slats installed unless other-
wise noted. The effects of end plates, fences, and door extensions were
small compared to the effects of CJA and of (as shown in fig. 19), and the

basic test data are used here without adjustment for these effects.

Lift at zero angle of attack.- The variations of 1lift coefficient for
a = 0° with jet coefficient are presented in figure 28(a) for the flap
settings investigated. The measurements show that ratios of 1lift increase
to the equivalent reaction 1ift change due to the jet, Cj sin 6, varied from
about 3.4 to lL.L for &f from 45° to TO°.

The variations of 1lift with flap deflection for Cjy = 0.81 as affected
by symmetrical aileron deflection and flap BLC are presented in figure 28(b).
Deflecting the ailerons symmetrically to 45° increased 1ift coefficient 0.5
which was twice that predicted by linear theory. Additional 1ift was obtained
by increasing the aileron droop to T0° for the higher flap deflections. These
results show that there was a favorable influence of the ailerons on the aug-
mented Jjet flap lift.

Figure 28(b) also indicates that 1ift increments due to BLC were signif -
icant, but these increments did not increase for flap deflections above 60°.
In addition, with or without BLC, maximum values of 1lift at o = 0° were
measured at about ®p = 70°. For &f = 100°, tuft patterns indicated that
flow separation appeared on most of the flap surface behind the flap knee for
all test conditions, and the use of the existing BLC system improved the flow
only in the vicinity of the flap knee. The gbove results illustrate the need
for a more effective BLC system in order to increase the flap lift effective=
ness at the high flap settings.

Stall characteristics.- The full-span slats were effective in increasing
the angle of attack for wing stall or maximum 1lift from 10° to 18° (see
fig. 18 for &p = 60°). With or without slats, flow separation initiated at
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the wing root near 0° angle of attack in the form of a wedge of separated
flow with its apex at the intersection of the leading edge and fuselage. As
angle of attack was increased to a = hp, this area of separated flow pro-
gressed back to the jet-augmentor intake and increased in width. As angle of
attack increased to that near CLmax’ the area of separated flow progressed
outboard rapidly when the slats were retracted. With the slats installed,
this outboard progression of the flow was delayed; consequently Crpay
increased even though the upper surface of the slat was stalled. With the
slats on, the flow on the outboard wing panels ahead of the ailerons did not
separate, These results indicate that higher slat deflections, particularly
on the inboard wing sections, would bring further delays in wing stall and
increases in CLmax'

Maximum lift.- The variation of Cly,y Wwith jet coefficient for the
model with leading-edge slats installed ig presented in figure 29. For
values of Cg between 0.8 and 2.0, the ratio of the increase in CrLp., to
the corresponding increase in Cy was gbout 2 for flap settings of 60° and
higher. TFigure 29 demonstrates that for the given wing leading-edge con-
figuration (full-span slats), CLmax for the higher flap deflections was

largely dependent on jet coefficient and to a lesser degree on flap setting.

Lift-Drag Characteristics of the Model

Drag polars for several flap configurations and power settings are pre-
sented in figure 30. Lines representing conditions for constant descent
angle are superimposed on the data. The data on the left side of the figure
show that at maximum 1ift, the descent angle would be sbout 8° for all jet
coefficients with ®&p = 60°; the data on the right show the effect of flap
setting. For CJ = 0.81 a maximum descent angle capability of 15° was
obtained with ®f = 100°, 85 = 45°, and Cpp = O. With &p = 70° and
Cy = 1.30, a maximum 1ift coefficient of over 6 was obtained while a 10°
descent angle capability was maintained.

Longitudinal Stability and Control

Pitching-moment dats for the model with the horizontal tall are pre-
sented in figure 31l. The data which have been corrected for wall constraint
effects on the downwash show increases in stability and stabilizing moments

through stall.

The data of figure 31 were used to derive the characteristics of the
model trimmed for level flight. These results are presented in figure 32
for a static margin of 5 percent. In addition to the trim data obtained
directly from the test data (tail volume coefficient = 1.35), trim charac-
teristics were estimated for the trimmed model with a smaller volume coef-
ficient of 1.0. (It was assumed here that the contribution of the tail to
the pitching moment was proportional to tail volume only.) The required
moment centers (for a 5 percent static margin and Cg = 1.15) were 0.30 and
0.37 ¢y for tail volumes of 1.00 and 1.35, respectively. The results of
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these trim calculations show that the model could be trimmed with moderate
elevator settings with the smaller tail volume of 1.0 (which is typical of the
values incorporated in some current STOL aircraft). The data of figure 15
indicated that the meximum moments regquired for trim were obtained with flap
deflections between 60° and 70° for Cg = 0.81l. Since in any specific air-
craft application, tail incidence and center of gravity could be wvariables,

it appears that pitch control would not be limiting for the present flap
configuration.

Comparison With Jet Flap Characteristics

Since both the augmented-jet flap and jet flap concepts could be applied
to the same type of aircraft (i.e., gas turbine powered STOL aircraft), it is
of interest to compare the relative merits of each concept. The fundamental
similarity between the two concepts is that in both cases a jet sheet is
expelled at the trailing edge of the wing. In the case of a jet flap, the
high velocity Jjet issues out at the knee of the flap and is blown along the
upper surface of the flap. Two- and three-dimensional theories developed by
Spence and Maskell for this flap are presented in references 12 and 13.
Numerous experimental results exist, some of which are presented in refer-
ences 1 through 4. 1In the case of the augmented jet flap, the high velocity
Jjet combines with the secondary alr and exhausts at an angle approaching the
deflection of the trailing-edge flap between boundaries consisting of the
trailing~edge flap and the lower door. Because a theory that fully accounts
for this configuration is lacking, the following comparisons are based pri-
marily on test results.

Jet thrust.- As indicated in figure 26 for the augmented jet flap at an
optimum flap setting of 60° or TOD, the augmentor increased the available
isentropic thrust, Jr, by the ratio of 1.25. A similarly defined ratio of
static thrust to isentropic thrust for high velocity Jets issuilng from jet
flaps would fall between 0.75 and 0.85 for the configurations discussed in
references 1 to 4. If a value of 0.8 is assumed, the static thrust from the
augmentor would then be 1.25/0.8 or asbout 1.5 times that of a jet flap for
the same isentropic thrust. If the external azerodynamics of an ailrcraft with
a jet augmented flap are assumed to be equivalent to those of an aircraft
equipped with a basiec jet flap for the same jet reaction, a propulsive system
would be required for the augmentor wing which produces only two-thirds of
the isentropiec thrust of that required for a jet flapped aircraft.

Lift.- Flap l1ift increments as functions of jet coefficient (o = 0°) are
presented in figure 33(a) for the sugmented-jet flap model and in figure 33(Db)
for basic Jet flap models. The data for the augmented jet flap were adjusted
to zero symmetric aileron deflection by means of the symmetrical aileron 1ift
increments measured with ®p = U5°. For the jet flap models, the measured
lift increments were adjusted for flap span and wing planform changes to that
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of the present model configuration by means of the linear theory of refer-
ence 14.2 The assumption was made that lift is proportional to (1 + t/c)
(see ref, 13). Where static jet thrust data were not available, the static
thrust was assumed to be 85 percent of the isentropic wvalue. The corre-
sponding values of jet coefficients were derived by assuming them propor-

tional to Sp/S.

Values of lift increment presented in figures 33(a) and (b) corresponding
to Cg = l.15 are shown in figure 3Lk as functions of jet angle. The theo-
retical values were derived by combining linear span loading theory and the
two-dimensional 1lift effectiveness for jet flaps presented in reference 12.
For jet angles of 60° and less, the augmented jet flap produced slightly
higher 1lift increments than the basic jet flaps. The curvature or the reduc-
tion in slope of the augmented jet flap data is probably caused by the reduc-
tion of flap BLC effectiveness with increasing flap deflection. If the theory
adequately predicts the effect of flap chord, the differences in lift incre-
ments between the two flap systems could be accounted for by differences in
flap chord. If it is assumed that for identical jet reaction forces the
external aerodynamics of the two types of flap are equivalent, for the same
isentropic jet thrust, the lift of the augmented jet flap would be 22 percent
higher (assuming ADL ~ CJ)1/2 than that of the jet flap since the ratio of
measured Jjet reaction forces of the two systems was 1.5.

Center~of -Pressure Location

Figure 35 shows center-of-pressure variations with flap 1ift increment
for the augmentor wing and Jjet flap models for a jet angle of 60°. All curves
represent conditions with the models at zero angle of attack with the jet
coefficient varying. For comparison, the jet flap center-of -pressure loca-
tions were adjusted forward by an amount calculated to represent the induced
effects of the flapped sections on the outboard wing panel of the augmented
Jjet flap model., BSince all models (except that of ref. 1) had fuselages, none
of the data were adjusted for fuselage induced effects. The results in fig-
ure 35 indicate that the center-of-pressure locations on the augmented jet
flap model were gbout 1lO-percent chord forward of the locations measured on
the jet flap models (with flap chord ratios of about 0.1l). The effect of
flap chord predicted by the two-dimensional theory of reference 12 indicates
that the larger effective flap chord could account, in part, for the more
forward center-of -pressure locations of the augmented jet flap.

2The linear theory of reference 1k gives the flap lift effectiveness
parameters as a function of flap span. Where &CLJ is the measured lift
increment for the correspending Jjet flap model, the adjusted 1lif't increment
based on the augmented jet flap model geometry is

CLE,A (1 + t/c
£CL = KLg Oy (3 + t/c)J
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CONCLUDING REMARKS

Results of the static tests showed that the thrust of the augmented jet
flap was about l.42 times the measured thrust and 1.25 times the isentropic
thrust of the primary Jjet for flap deflections of 60° and 70°. ©No signifi-
cant reduction in augmentation ratioc was measured at forward speed.

Results of the wind-tunnel tests showed the following: (l) For a flap
setting of 60°, meximum 1ift coefficients of about 6 were obtained for a jet
coefficient of 1.30 for the model with a full-span leading-edge slat; (2) for
angles of attack prior to wing stall, symmetrical aileron deflection and flap
BLC each increased lift coefficient about 0.5; (3) for the complete model with
a high positioned horizontal tail with a tail volume of 1.0, the model could
be trimmed for all flap settings, and the pitching-moment changes measured
through wing stall were stabilizing.

Comparisons with conventional jet flaps showed that, for Jjet angles of
60° and for the same jet reaction forces, the augmented jet flap produced
slightly higher 1lift and more forward center-of-pressure locations than those
produced by lO-percent chord jet flaps. For the same isentropic thrust, the
augmented jet flap produced 50 percent more jet force and 22 percent more 1lift
than that of the jet flap.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., 94035, Mar. 12, 1968
721-01-00-14-00-21
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TABLE I.- GEOMETRIC

Wing
Area, sqg f£t + « « 4+ & o & . e e s s e e
Span (tip radius fairings off) £t .
ASPeCtr&tio.oooooo-oono

L]
-
L]
[

ROO‘t Chord, Cr, ft ® 8 8 e 8 8 s =& 8 s = &8 @
Tipchord,ft e« & = 8 & 8 8 & = 8 s 8 & s =
Mean aerodynamic chord, ft . « « « « « & « &
Airfoil section 16 percent NACA T47A forward

40 percent ¢
NACA 0016-3L, aft of 40 percent
camber 2.23 percent CLdesign = 0.3
Fuselage
Width, ££ o ¢ o o o o o o o o« ¢ s o o o o &
Height, £t o« ¢ ¢ o o ¢ o o o o ¢ ¢ s o o o &
Length,f‘t...........o.....

Horizontal tail
Area,sqftooa-oa.-a.ooo-OQ
S‘pan, £Ltoe o o ¢ ¢ o o o »

Aspect ratio o s o o &« ¢ s 6 4 s ¢ a4 s 2 e
Taper ratio « s s B s = 8 & & s 8 s s & = @
Root Chord, PE om0 & o @ o wer e e o8 w e w

Location of tail E/h,

Z/Crccooooooooooo.aoooo

E/Craa...ooooooc-oc-o.o

Elevatorarea, Sqftooooo.ototoo

Vertical tail
Area,sqft........o..

Aspect 78110 o o o o s s o o 5 5 » o s 2 e @
Span {above top of fuselage), £t + « o . .
Chord (constant) v « o o « « o o o ¢ o o o o
Sweep, deg + « o o« s o S T I

Section, NACA 63-015 mod
Location of tail c/b,
Z/Cr - - - - - . - . - - - - - - - - . - L]

Z/Cr . . - L] L] - L] L] - L] . . L] . - - - - L]

DATA

222

- - - - - L - L - - - - - l'I'2.].6
- - - - - - - L] - . L] - - 8.0
. L L - L] - - L L - - - - 5.67
- - - - . - - - L] - L] . - 2.83

- - . L] - - - . - - - - - 5039

= 8 s 8 & & e 8 * s & = » 5.29
- - - - - - - - - - - - - 5.29
- - - - - - - - - - - - - 35.33

- L] - L] - - L] - L] L] L] L] L] 17028

. 8 * = & 8 = & = . LI L] 3098
*® & & e ® = 2 2 8 8 2w . 0067

L] L] L] - L] - - L] . L] L] L] . 5.20
® ® = 8 & & & 5 & 8 8 " @ 1026

------.-.....3.99
oo--o--.o.oonsToS

. s D3

- L] L] - - - - - - - - - - l.O)—F
L N L T T T T T 5.88
e s a s s s e ow e s s s 567
" & & ® & & = 2 " B " " = 314-.9
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TABLE II.~- FICURE INDEX FOR THE WIND TUNNEL RESULTS

#Lateral control

20

Flaure (fe,g gg;; g.zé Blabs Horizon;:r:f%ertical B mod‘;;zga’cion V:E;gﬁe ’
T 0 o] o Off,0n off Oon off e a;|slat,F
8 30 * On F Cy
9 L5 45
10 45 0,45 Ba
11 30,45( 0,45 Off,0n Ba 0
12(a) 60 L5 off D,E Ccy

(b) l * CT,9
(e) --- BLC
(a) | = Off \ Bg
13(a) 70 45 D Cy
(v) l on
(e) CJ,4
(4) | --- Y Ba
1h(a) 100 4s Off F Cy
® i 0,510
15 --= L5 off | |5¢
16(a) 60 * CTsa
(b) 70 on
17 . Y dika BLC; &¢,C7
18(a) 60 -—- off a;|slats
® L on r
19 Y On / Y e -— wing mod.
20(a) 60 L5 on On on Off F tail
(p) -— CJ,BLC
(e) ] off / e
(a) — -— slats
(e) 100 On F Cy
21 ¥ | e off . TR
o2(a) | --- 60 Off ¥
() | ---
23(a) | --- on
® | v v
2k{a) 0 --- off Ba*
(b) ---
(c) | -8 --—-
(a) Y \ Y \ J Y




A-35827

(a) Front view of model in the wind tunnel.

Figure l.- Views of model installations and assemblies.




(b) Rear view of model in the wind tunnel with tail off; o

Figure 1l.- Continued.
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) Rear view of model in the wind tunnel with t

Figure l.- Continued.
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(e) Front view of augmentor with inlet fairings used in the static tests.

Figure 1l.- Continued.

Inlet fairings
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26

(f) Root fence (top), and end-plate installations.

Figure l.- Concluded.

A-35726-14



ot

5.20

3500 (oo

L s AN
( | \ Elevator hinge, unswept, All dimensions in feet
N located at 50% chord
e
[ H! I
Aileron hinge on ||I I[ | l!
wing 75% line - '} 1| Augmentor Aileron
unswept / | ’ | | and flap span, span
f1 -
T _ IS IL{! 7. e
T 1287
— TR ==
el e i 8 Moment center at ¢, /4 point and .20 ¢,
1l H
:nbggrd agd ou]l‘b?ord Ji. ) I5. [;I—_..OB below wing chord plane
eading edge sla " J
ki e - 2262 -
il 19.71 ‘ T/4
17.28 —~—1}.00— Wing chord plane
. _ .26 567 34.9°
509 o Wing chord plane 13 ~— 5‘; 5.88
——_1 - = = Fr——— - Tz i -
]3,54 5.29 —--__'_'._.._,_____(qjtl---ilr---r__..______ — ——
. SRR VPRI RS N | [ S ;
Reference plane 4;\ ‘
.02 3553 -

Reference plane

(a) Three-view drawing of the model.

Figure 2.- Geometric details of the model.



Airflow
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| See fig.2(d) for augmentor
and flap detail

See fig. 2(c) for slat detail

Section A-A
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Section B-B

(b) Wing assembly views.

Figure 2.- Continued.
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Wing chord plane

Typical for 7, A3 to .72. For o .72 to
|, dimensic s were reduced in proportion
to local wing chord.

(¢) Detail of leading-edge slat.

Figure 2.- Continued.
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(d) Detnils of the wugmentor.

Fipure 2.- Continued.
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(e) Cross section of the fixed vane and lower door.

Figure 2.- Continued.
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Figure 2.- Continued.
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Figure 2.=- Concluded.
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Figure 3.- Typical variations of total weight rate of flow and temperature
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aileron duct system; By = h50
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O Heyson corrected, ref 7 and 9

¢ Maskell corrected, ref 8
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Figure L.- Comparison of data corrected for wind-tunnel wall effects; 8p = 600, Bg = l|-50, Cy = 1.30,
CIJ'S. = 0.0’-I-O, Cuf = O, tall off.
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(a) Upper door and flap assembly removed; df = 600, By
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Figure 5.- Augmentation ratio as affected by pressure ratio and lower door
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position, measured on the static test stand.
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(b) Complete augmentor; &¢ = 60° and 70°.

Figure 5.- Continued.
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A1 =da/Y1 /lr'\o

.96
Sf = 30° Pd /pm
92 O 1.44
O 1.e7
o 2.00

.88
3¢ =100°
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O 1.45
O 1.6e9
.80 O 201
N 223
.76
12 16 20 24 28
84, 8; = 30°
80 84 88 92 926
84, 8; = 100°

(c) Complete augmentor; dp = 30° and 100°.

Figure 5.- Concluded.
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Figure 6.- Jet angle and lower door positions measured on the static
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Figure 7.- Characteristics of the model with flaps retracted; tail off.
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Figure 10.- The effect of symmetrlcal aileron deflection on the longitudinal characteristics with
8¢ = 45°; Cuy = 0.20, Cup = O, F, tail off.
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Figure 12.- Longitudinal characteristics of the model with B&p = 600; D, E, tail off.
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Figure 12.- Continued.
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Figure 18.- The effect of leading-edge slats on the characteristics of the model with tail off;

5 = 60°, By = 45°, F.
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and 100°; &g = 45°, F.
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Figure 20.- Continued.
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Figure 20.- Concluded.
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(a) Cr, vs. Cp, a and Cp

Figure 23.- Characteristics of the model with the vertical tail on as affected by
%a = 459, ¢y = 1.18, Cug = 6,036, Cus = 0, F, horizontal tail off.
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