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ABSTRACT

A small-scale wind tunnel test of a two engine hybrid model with upper surface
blowing on a simulated expandable duct internally blown flap was accomplished
in a two phase program. The low wing Phase | model utilized 0.126¢c radius
Jacobs/Hurkamp flaps and 0.337¢ radius Coanda flaps. The high wing Phase Il
model was utilized for continued studies on the Jacobs/Hurkamp flop. Principal
study areas included: basic data both engines operative and with an engine out,
control flap utilization, horizontal tail effectiveness, spoiler effectiveness, USB

nacelle deflector study and USB/1BF pressure rafio effects.
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SYMBOLS
General Notation
Aspect ratio, bz/S
Wing span, centimeters (inches)
Boundary layer control
Chord, centimeters (inches)
Mean aerodynamic chord, centimeters {inches)

Drag coefficient, %rgg_

Lift coefficient, IE'?—

pitching moment
q5E

Pitching moment coefficient about 0.25¢,

. - i ent
Yawing moment coefficient, yowmgsn;om n

; . i t
Rolling moment coefficient, — Imgq?;me“

static gross thrust
q2
side force

Side force coefficient, —5

Thrust coefficient,

Internally blown flap

Axial force, N (lb)

Gross thrust from calibration, N (lb)

Normal force, N (lb)

Resultant force F2 + F2 N (ib)
A N’

Jacobs/Hurkamp

Left side operative

Pressure ratio, total pressure/tunnel static pressure

Freestream dynamic pressure, N/square meter (Ib/square foot)
Right side operative

Wing area, square meters {square feet)
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General Notation (Continued)

Chordwise station, centimeters {inches)
Spanwise station, centimeters (inches)
Vertical distance from wing chord plane, centimeters (inches)
Fuselage reference line angle of attack, degrees
Angle of sideslip, ~ ¥ , degrees
. -1

Jet deflection angle, tan FN/FA degrees
Angle of yaw of plane of symmetry, degrees

. . 2y
Spanwise position, T
Flap static turning efficiency, FR/Fg

Mode! Notation

Fuselage. C-141 modified.

Bullet.

Dorsal . Free foired dorsal to approximate lines of EBF QUESTOL.
Aspect ratio 4.0 nozzle with center and edge bodies.

Leading edge flap. 17 percent local wing chord, cambered and cut
out for USB nacelles. Deflection from stowed position normal to
hinge line denoted by subscript x.

Main Jacobs/Hurkamp flap. Nominal streamwise deflection angles
denoted by x.

Auxiliary Jacobs/Hurkamp control flap. Nominal streamwise

deflection angles denoted by x.

Main Coanda flap nominal trailing edge upper surface deflection
angles denoted by x.

Morizontal stabilizer. Deflections denoted as subscripf x.

Nacelles. Aspect ratio 4.0 slot nozzles. Nominal nacelle
exit placement in percent local chord denoted by subscript x.

52 plus DV .

1A,,,2.23
B W fi ¢ ZW] (high wing) or B]AW]FiSC sz (low wing).
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Model Notation (Continued)

Spoiler. Full trailing edge flap span. Deflections from stowed
position denoted by subscript x.

Spoiler. Part span. A, inboard half flap span. B, outboard
half flap span. C, inboard quarter flap span. Deflections from

stowed position denoted by subscript x.

Spoiler, full trailing edge flap span with 50% porosity .
Deflections from stowed position denoted by subscript x.

Spoiler. 5Pc|rt span with 50% porosity, AR 1.0 tabs. A, Band C
as with §°. Deflections from stowed position denoted by subscript x.

Thrust deflector with open sides. Deflections denoted by subscript x.

U4 thrust deflector with closed sides. Deflections denoted by subscript x.
Vertical stabilizer.

Wing. Sweep of c/4 = 30.000°.

Wing. Sweep of c/4 = 14.918°.

Wing-fuseiage fillet, high wing.

Wing-fuselage fillet, low wing.

Pitch and Yaw Schedules

" Pitch schedule; -8 degrees through stall in 4 degree increments.

Yaw schedule; =20 to +20 degrees in 5 degree increments.

Pitch schedule; minimum to define CL at ot of zero degrees
and stall.
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SUMMARY

An investigation has been conducted to determine the aerodynamic characteristics
of a small scale model with a hybrid propulsive lift system. The hybrid concept
represents a combination of the upper surface blowing (USB) system with the inter-
nally blown flap (IBF) to augment lift and provide control. The model was tested
in low and high wing configurations in Phase | and Phase Il programs, respectively.
The wing sweep at the quarter chord was 30 degrees on the low wing medel and
15 degrees on the high wing. Results were obtained for a variety of nacelle exit
nozzle configurations in combination with two simulated expandable duct trailing
edge flap systems, (1) the basic flap with knee radius 12.6 percent local chord
and blowing at the knee and trailing edge, and (2) the Coanda flap with knee
radius 33.7 percent local chord and blowing at the trailing edge only. Results
were obtained for several flap deflections at nominal thrust coefficients from O to
3.0. Selected six-component longitudinal, lateral and directional data are pre-

sented with two engines operating and with an engine out.

Proper nacelle exit tailoring made the efficient utilization of the basic small radius
flap possible. A maximum lift coefficient of 9.55 at a thrust coefficient of 3.0
was obtained with this small radius IBF surface and two USB nacelles equipped with
10 degree exit deflectors.



INTRODUCTION

The hybrid propulsive lift concept represents a combination of two high Iift systems
‘which utilize external blowing on the wing upper surface and internal blowing from
the wing flap. Earlier independent investigation of these two systems is reported in
reference 1 for the upper surface blowing (USB) concept and in reference 2 for the
internally blown flap (IBF) concept. Both systems hold promise and are currently
being considered independently in selected STOL transport designs. The upper sur-
face blowing system depends upon the Coanda effect to turn engine jet exhaust and/
or fan discharge air over the flap, and possesses possible noise advantages. The in-
ternally blown flap offers high aerodynamic efficiency with control of the boundary
layer in conjunction with power transfer to reduce engine-out asymmetry. The use
of large quantities of low pressure air requires large flow areas, and both of the
hybrid systems investigated in the tests reported herein would utilize expanding in-
ternally blown flaps on the airplane. The Jacobs/Hurkamp (J/H) flap provides
large flow areas for spanwise internal flow, but allows compact stowing of the flap
in the clean configuration. The J/H flap attains increased internal flow area with
flap deflection by proper location of the flap upper and lower surface hinge lines.
The Coanda flap concept for this test also provides expanding area in a fashion
similar to that of the J/H flap, but also requires a flexible upper surface in order

to provide the large flap leading edge radii.

The obvious complimentary nature of the USB and the IBF systems pointed to the need

to investigate the hybrid concept. This investigation was undertaken in the Lockheed
V/STOL Wind Tunne! in o two phase program. The Phase | program was initiated in
September, 1973, and 158 runs were secured. The Phase Il program followed in
November, 1973 with 242 runs. Results were obtained on small (J/H) and large
{(Coonda) radius flaps at several deflections with various nacelle exit configurations

at thrust coefficients from zero to three. The Phase | data were obtained at Reynolds
numbers from 0.137 to 0.308 million, based on a mean aerodynamic chord (MAC) of
0.31m and at dynamic pressures from 312.6 to 1393.2 N/m2 (6.53 to 29.1 psf), respec~
tively. Phaose Il results were obtained af slightly lower Reynolds numbers since the MAC

was reduced to 0.2%m.



MODEL

Figures 1 and 2 show the Phase 1and Il models installed in the 4.95 m (16.25 ft.) by 7.09 m
(23.25 f1.) low speed test section of the Lockheed V/STOL Tunnel. The wing is located in
the approximate center of the test section. Pertinent dimensional data for Phase | (low wing)
and Phase 1 (high wing) models are given in table 1. The geometry of the basic models is

shown in figures 3(a) and 3(b).

Wing
The Phase | wing had a quarter chord sweep of 30 degrees and aspect ratio of 6.5, while the
Phose |l wing sweep was reduced to 14.92 degrees and resulting aspect ratio of 7.73. Both
models utilized the same physical wing set to the prescribed sweep angles. The basic air-
foil was a Gelac TAC/STOL section with 0.125¢ thickness at the root and a linear taper to
0.095¢ at the tip. The ordinates of these sections are tabulated and plotted in table Il.

Leading Edge Flaps

Full span 0.17c leading edge flaps were used to increase the stall angle of the models.

The flap reference line was deflected down 60 degrees from the wing chord line. This was -
equivalent to a 110 degree deflection from the stowed position. The trailing edge of the lead
ing edge device was placed forward of the basic airfoil nose 0.015¢ and up 0.005¢c perpen-
dicular to the wing chord line. This gap and deflection of the leading edge flaps was main-
tained throughout the tests. Leading edge flap ordinates are tabulated and plotted in table
HI.

Trailing Edge Flaps
The two trailing edge flap systems investigated are presented in figure 4. Both are the
expanding-duct type to provide sufficient duct area to supply the trailing edge blowing.
The basic flap studied was the Lockheed Jacobs/Hurkamp (J/H) type with a typical small ki
radius of 0.126c. This flap system, with a 0.095¢c control flop at the trailing edge, was
set in the aft 0.40c of the wing. The Coanda flap was formed by adding a larger radius



piece to the basic J/H flap upper surface. This increased the flap radius to 0.337¢ and
overall length to 0.43c. Both flap systems on high and low wing configurations spanned
approximately 60 percent of the wing. Trailing edge flap deflections from 22 to 60 de-

grees were set with selected control flap articulation giving an additional +30 degrees.

Spoilers
The Phase |l model was equipped with 0.10c spoilers. These spoilers were deflected up
from the wing surface 10, 20 and 30 degrees. Solid and porous types were investigated.
The porous type had a 50 percent porosity with sections removed to give aspect ratio 1 .0
tabs. Spoilers covered the full flap span, inboard half flap span, inboard quarter flap
span and outboard half flap span. The part-span porous spoilers are pictured in figure 5.

Fuselage
The fuselage had a constant 25.908 cm (10.2 in.} diameter centelr section. Forward and
aft ‘fqirings were added to give a total length of 206.726 cm (81.388 in.) and fineness
ratio of 7.98. Overall contouring represents a typical transport fuselage with aft loading

capability.

Tail
The empennage is also a typical STOL transport configuration with geometry detailed in
table 1. The horizontal tail incidence was set at 0 degrees for all base runs and deflected

from =5 to +10 degrees in selected cases.

Nacelles
Both Phase | and Phase Il models represented two engine aircraft configurations. The instal~
lation of the nacelle on the wing with the J/H flap is presented in figure 6. The
nacelles were powered pneumatically and each had 40.325 square cm exit area. The
basic exit had an aspect ratio of 4.0 (width of 12.7 cm and height of 3.175 cm), and was
nominally placed at 0.20c, 0.35¢ and 0.50c positions on the wing. The majority of the

tests were performed at the nominal 0.35¢ position. The variety of exit tailoring devices



that were deployed are shown in figure 7. Tﬁe zero degree deflector was utilized
in the majority of the Phase | tests, and the 10 degree deflector was installed for
the main portion of Phase Il tests. The model nacelles had no inlet and there-
fore the test results do not include engine ram drag. All model blowing systems

operated at a nominal pressure ratio of 1.5, unless otherwise noted.



TESTS

Table IV is an index to both Phase | and |i investigations. " Forces and moments
were measured through an angle-of-attack range from -8 to 26 degrees, or through
stall in Schedule "A", and yaw range from =20 to 20 degrees, at zero angle of
attack in Schedule "B". An cbbreviated pitch schedule to define zero-alpha and
maximum }ift was also run as Schedule "C". The wind tunnel dynamic pressure
was varied from 312.6 l'\l/m2 (6.53 psf) to 1393.2 N/m2 (29.1 psf} giving @
Reynolds number range from 0.137 to 0.308 million, Nominal thrust coefficients

from zero to three were set by these variations in dynamic pressure.

The thrust coefficients shown herein are the sum of the individual system CT's for
each run. Note that this procedure results in an “installed" CT, i.e., os meas-
vred including any scrubbing drag, but that side force components are excluded in

that only the lift and drag forces are vectorially summed.

The distribution of blowinginputs was held to specific nominal levels during the
principal tests. The individual exit areas were adjusted to provide the desired
thrust split ot the slot total pressures. Specified thrust coefficients were then
obtained by varying the tunnel dynamic pressure. Configurations with equal press-
ure ratios at nacelle and knee blowing points produce a neminal thrust split of
95%,/5%:; the nacelle and trailing edge thrust split was 85%/15%; and blowing from
nacelle, knee, and trailing edge was distributed 80%,/5%/15%.

Static Tests

Static thrust calibrations for each of the nacelles were made on the wind tunnel
balance, a separate calibration being determined for each nacelle exit configur-
ation. Each low wing test nacelle had three total pressure probes located just
inside the nozzle exit. These probes required continual repair, and the subsequent
high wing tests utilized a modified two probe design. The nacelle thrust was set
during the runs utilizing the appropriate curve of thrust versus nozzle pressure ratio.
The nacelle thrust utilized in this report is the vectorially summed thrust as cali-
brated from the balance normal and oxial forces with the wing trailing edge flaps

set at zero degrees.



The thrust of each of the BLC systems was also obtained on the balance with con-
current measurement of the pressure ratio in the appropriate system. Each wing
semispan included three total pressure probes in the knee BLC system and three in
the trailing edge BLC system., These probes were located as close to the exit
slots as space permitted in order to obtain slot total pressure with minimum
achievable error. The BLC lift and (negative) drag components were then
vectorially summed for each model configuration, ond this sum was used in the

calculation of CT'

Static tests were conducted in the wind tunnel with the wind off to determine the
static jet angle and turning efficiency of each principal configuration. Phase |
static tests include both one and two engine comparisons on the small and large
radius flaps. Phase Il static results are all based on the J/H fiap and two engines

operative, with the exception of a limited number of engine out checks.

The static turning angle was determined from the vecter resofution of lift and drag
forces on the model. The efficiency was also based on this assessment along with

the calibrated input forces, flaps up.
Wind=On Tests

The Phase { wind~on investigations included the following items:

Item_ Runs
Smail Radius Large Radius
Jacobs/Hurkamp Flap Coanda Flap  Tota!
Calibration ' 19 2 21
USB Nacelle Integration 38 20 58
Base Data
All Engines 60° Flaps - 18 18
44° Flaps 16 16
22° Flaps 18 18
Engine Out 60° Flaps 12 12
22° Flaps 5
Control Flap Utilization 2
Horizontal Tail Effectiveness 8 . _4

120 38 158



The Phase H test included the following items:

ftem Runs
60° Flaps 30° Flaps 22° Flaps Total
Calibration 28 2 2 32

Base Data

All Engines 16 12 16 44
Engine Qut 17 8 12 37
Control Flap Utilization 30 15 45
Horizontal Tail Effectiveness _ 9 2 8 19
Spotler Effectiveness 15 7 3 25
USB Nacelle Deflector Study 25 25
USB/IBF PR Effects 15 15
155 46 4] 242

The wind-tunne! test results, as six-component balance data, were reduced on-line
during the test ond off-line after the test using the Control Data Corporation 1700
computer. Normal wind tunnel corrections accounting for balance interactions,
weight tares, trapeze tares, wind tunnel wall effects, ond freesiream flow
angularities were applied to the data. Wing lift data required for wall-effects
corrections were obtained from appropriate tail-off configurations run during the

test. Corrections for support system tare and interference were not made.



RESULTS

Static Tests

The static turning efficiencies (7} f) and static turning angles (& ;) for all principal con-

figurations in Phase | and !l test programs are presented in table V. Phase | results are

given for 60 degree J/H flops with a variety of nacelle exit configurations (slot, E3,
4 IO) The 22 degree J/H flap was checked only with the U4 exit def!ecfor. The

58 and 44 degree Coanda flaps were investigated with the slot, U4 and U 10 nacelle

exits. The Ui deflector on the nacelle at 35 percent chord was se!ected for the Phase

| base runs. Phase |l static results are given for 60, 30 and 22 degree J/H flaps. The

60 degree flap was checked with U:, U?o and Ugo nacelle exit deflectors and the UZ:O

was selected for use on the 30 and 22 degree flaps. The U}0 deflector set on the nacelle

at 35 percent chord was selected for the main body of Phase Il wind-on tests. The 60 de-

gree J/H flop hod an upper surfoce angle of 73.25 degrees and turned the jet 67 .4 de-

grees under these conditions. The 30 degree J/H flap with an upper surface of 42.83 de-

grees turned the flow 38.4 degrees, and the 22 degree J/H flap with a 34.27 degree upper

surface turned the flow 30.4 degrees.

‘ Wind-On Tests
The basic stability axis results for the Phase | and 1| tests are presented in this section.

€, Cpand C coefficient data are plotted for pitch runs and C,, C and C
L c/4 R* ™n Y

data are plotted for the yaw runs. These results from the Phase | and |l test programs are

presented in the following figures:

Phase | J/H Flap Figure
USB Nacelle Integration 8, 9
Base Data 10-17
Base Data Engine Qut 18-22
Control Flap Utilization 23
Horizontal Stabilizer Effectiveness 24, 25



Wind=On Tests (Continued)
Phase | Coanda Flap
USB Nacelle Integration 26
Base Data 27-30

Phase !l J/H Flap

Base Data 31-42
Base Data Engine Out 43-42
Control Flap Utilization 63-78
Horizontal Stabilizer Effectiveness 79-83
Spoiler Effectiveness ' 84-91
USB Nacelle Deflector Study 92-97
USB/iBF PR Effects ' 98~102

These results were secured with detailed attention given to the setting of the model geometry
and blowing levels for each symmetric and asymmetric configuration. However, in selected
cases it was not possible to "zero" oll lateral-directional forces and moments during symmeiric
configurational runs. Under these conditions the side force and yowing moment were zeroed
with some attendant rolling moment. Efforts to isolate the couse of this asymmetry were un-

successful .
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DISCUSSION

This section presents selected effects data based on the Phase | and Il general results

already given,

Phase | USB Nacelle Integration {J/H and Coanda Flaps)

4
10
deflector nacelle exits as o function of the nominal chordwise nacelle position on the

' 4
Figure 103 shows the static turning angle and efficiency for AR 4.0 slot, Uy, and U

wing with &0 degree J/H flaps. As the slot nozzle nacelle is moved forward on the
wing the jet angle increases and the efficiency decreases. Installation of the U‘:'O de-
flector reduces this effect as the jet angle is constant at approximately 60 degrees with
96 percent efficiency. Figure 104 presents the same type results for 58 degree Coanda
flaps. The installation of the deflectors improves the static turning and efficiem;)‘f of
the basic slof nozzle. The deflector unit spreads and thins the jet efflux to aid in
turning by reducing the jet height at the flap knee. The increase in efficiency is
considered to be the result of flow changes from the nacelle in the static flaps-up
calibration configuration and the flaps down static efficiency evaluation. Flaps-up
calibration of the nacelles with deflectors results in considerable spanwise flow out of
the open ends of the deflectors. Calibration thrust is based on the vector sum of only
the normal and axial thrust components. When the flaps are deflected down the span-
wise flow components from the nacelle tend to be drawn to the negative pressure region
directly behind the nacelle and are reclaimed in the normal~axial plane. Figures 105
and 106 present wind-on results for the J/H and Coanda flaps deflected 60 and 44 de-
grees, respectively. The exit tailoring devices utilized statically were also used in
wind-on runs. The static tendency of these devices to increase jet angle results in
higher lift coefficients in the low alpha range and at stall. The J/H flap maximum lift

increases from about 5.0 to 6.2 in going from the slot nozzle to U?O deflector.

Phase | Base Data (J/H and Coanda Flaps)
The J/H flap in Phase | tests was investigated with 60 and 22 degree deflections. The
Coanda flap was checked at a 44 degree deflection. Figure 107 illustrates the develop-

ment of lift at zero alpha for these flaps as a function of thrust coefficient. At a thrust

12



coefficient of 1.8 the 60 degree J/H flap CL is 4.4 and the 22 degree CL is 2.4.
Articulation of the aft control flap on the basic 22 degree J/H flap causes o + ACL
variation of approximately 0.6. The Coanda flap performance is also included in

this figure. The larger radius does not seem to offer any performance advantage as

shown in figure 108.J/H and Coanda flap upper surface angles are plotted against CL
ata CT of 1.8 and all fall on the same general trend line. Figures 109 and 110 present
the drag and pitching moment results for the same flap configurations. In figure 111 the

maximum lift of the Coanda flap is noted to have dropped to the J/H 22 degree flap

level.

Phase | Base Data, Engine Qut (J/H Flap)
Figure 112 illustrates the impact of selected type engine failures on lift development
with the 60 degree J/H flap.” The all-engines operating case is shown with circle
symbols. The box symbols represent an engine failure with the remaining engine power-
ing the IBF system symmetrically on both sides of the model. At a nominal CT of 1.0
the zero-alpha Iift is unchanged and the maximum lift is down approximately 0.5.
Triangular symbols represent an engine failure in a cross ducted arrangement where the
loss of an engine results also in the loss of the IBF system on the opposite side of the
model. The [ift loss with this system is higher as zero~alpha lift is down 0.4 and maxi-

mum |ift is down 1.1 at a CT of 1.0.

Phase | Control Flap Utilization (J/H Flap)
Figure 113 shows the influence of the aft control flap articulation on zero-alpha and
maximum lift. This small device is powerful in altering lift {and drag) and controlling

flight path.

Phase | Horizontal Stabilizer Effectiveness (J/H Flap)
Figures 114 and 115 present the tail on runs with 60 and 22 degree J/H flaps, respectively.

For both flap deflections the Cm change is -0.08 per degree of tail incidence.

Phase [l Base Data
The Phase |} test program woas given completely to the J/H flap system. Three flap
deflections (60, 30 and 22 degrees) are presented in figure 116, Zero-alpha and

12



maximum ift is given as a function of nominal thrust coefficient. At a thrust co-
efficient of 2.0 the lift coefficient at zero-alpha is 6.2 and the maximum lift is 7.9
with 60 degree flaps. The zero-alpha lift of 6.2 compares with 5.0 from Phase |
(figure 105). This increase is attributed to reduced wing sweep (30 to 15 degrees)
and reduced jet shear interference between USB and |BF jet efflux, increased aspect

ratio (6.5 to 7.73), and increased body lift carryover.

Phase | Base Data, Engine Qut
Figure 117 shows the result of an engine-out condition with cross ducting from left
nacelle to right IBF. At a nominal thrust coefficient of 1.5 the 60 degree flap zero-
alpha lift is 4.1, 30 degree flap lift is 3.3 and 22 degree flap lift is 2.5. |In figure
118, a variety of engine out conditions is presented with 60 degree flaps.
Those failures where the knee BLC is refained on both left and right wings are noted
to have less |ift loss than the failure case with knee BLC out. Trailing edge blowing
is noted to have a secondary effect. Circle symbols present the case with right nacelle
and left |BF system operative. The zero-alpha lift of 3.9 at a CT of 1.0 has a rolling
moment coefficient of <0.04. Box symbols represent the case of an engine out and all
IBF systems operative. The lift in this case is up fo 4.5 but the rolling moment is

-0.22.

Phase |l Control Flap Utilization
The aft vane of the trailing edge flap system is caopable of being articulated to a maxi-
mum of 30 degrees, up (-} or down (). The ability of the flap system to statically
turn the jet efflux was investigated on 60 degree flap with +15, -15, +30 and -30
degree control flap articulation. The 30 degree flap was checked with +15 and =15
degree control flap deflections. Figure 119 presents the variation of jet angle and turn-
ing efficiency plotted against the flap upper surface angle. The basic 60 degree flop with
upper surface angle of 73.25 degrees turns the flow 67 .4 degrees. A +30 degree control
flap deflection brings the upper surface angle to 103.25 with resulting jet angle of 84.5
degrees. The variation of jet angle with flap upper surface angle is approximately linear.
The 30 degree flap with +15 control flap articulation closely follows the trend line for
main flap deflections of 22, 30 and 60 degrees. This indicates that the control flap is as

effective as the main flap in flow vectoring in the low flap deflection range. The static

13



jet angle variation produces @ wind-on lift variafion presented in figure 120 for

60 degree flaps. At o nominal thrust coefficient of 2.0 the zero-alpha lift coef-
ficient varies from 2.9 to 6.85. Figures 121 and 122 show the drag and pitching
moment coefficient for the some flap variations. Maxima;um lift varies from 5.9 to
8.05 under the same conditions as shown in figure 123.- Maximum lift development
on the 60 degree flap with positive control flap deflection is noted to be limited

to about 8.0. The high static jet angles (67.4 to 84.5 degrees) with the addi tional
stall pitch angle pointed to a possible problem. The tunnel test section floor was
tufted and the jet was found to be striking the floor under the model with some flow

reversal, wind on.

The usefulness of the control flap as a flight path control device is pointed out in
figures 124 and 125 as the lift and drag increments for control flap articulation on
a basic 60 degree flap are shown. At a nominal thrust coefficient of 2,0 a sym=
metric +15 degree articulation produces o &CL of 0.45 and ACD of 0.62. The
30 degree flap resulis presented in figures 126 ond 127 indicate a ACL of 1.0 ond
ACD of 0.45 under the same thrust and articulation condifions. In each of these
cases thrust is supplied to the USB nacelles and IBF knee and trailing edge. The
impact of variations in thrust input to these points is illustrated in figure 128 as the
thrust to the trailing edge is reduced and then eliminated. Next, the knee blowing
is eliminated and in this case the ability to vary lift by control flap articulation is
still present. This would tend to indicate the flow is being turned effectively on

the main flap before it reaches the frailing edge control flap.

Asymmetric deflection of the control flap as a lateral control device indicates @
significant cross coupling in yaw and side force. Figure 129 shows the influence of

a +15 and +30 degree control flap articulation on roll, yaw and side force coefficient.

At a CL of 5.7 the CR is 0.1, Cn is -0.23 and Cy is 0.28 for a +30 left and =30

right control flap deflection on 60 degree flaps.

Phase Il Horizontal Stabilizer Effectiveness
Tail-on runs were made with 60, 30 and 22 degree flaps. In each case the horizontal

tail incidence was varied from -5 {leading edge down) to +10 degrees. The zero~alpha

14



variation of Cm with incidence is -0.08 per degree on 60 degree flaps as shown in

figure 130,

Phase 11 Spoiler Effectiveness
Ten-percent chord spoilers which spanned the trailing edge flaps were investigated with 10,
20 and 30 deéree deflections. The spoiler hinge line was 0. 10c forward of the flap knee
BLC slot and this BLC slof remained unchanged with spoiler deflection. Figure 131
shows the effect of symmetric spoiler deployment with 60 degree J/H flaps. Ata
nominal thrust coefficient of 2.0 the zero-alpha lift coefficient is 6.2. The 10 degree
spoiler reduces the lift to 3.5, 20 degree spoiler lift is 2.5 and 30 degree spoiler lift is
1.9. This solid spoiler spanning the complete trailing edge flap is a very powerful
device. Spoiler deployment at other flap deflection produces the results given in
figure 132. The spoiler's deflection lorgely controls the lift level, and for all flap de-
flections tested the 30 degree spoiler lift is constant. Part sb&n solid spoilers were also
investigated to reduce this drastic effect. Inboard half and quarter flap span spoilers
were checked along with outboard haif span units. Twenty-degree spoiler results are shown
in figure 133 at a nominal thrust coefficient of 2.0 with 60 degree J/H flaps. Starting
without spoilers the zero-alphe lift is 6.2, outboard half span spoiler lift is 5.6, in-
board quarter span spoiler lift is 4.2, inboard half span iift is 3.0 and full span spoiler -
[ift is 2.5. Part span spoilers offer considerable variation in effectiveness. Figure 133
also shows the impact of cutting the spoilers to 50 percent porosity by spacing AR 1.0
tabs across the span. Porosity greatly reduces the spoiler effectiveness, and in con~

junction with spanwise positioning the spoiler effectiveness can be set to a desired level.

These spoilers can also be deflected on one wing as a lateral control device. Figure 134
presents the resulting rolling moment change as the right spoiler is deflected 20 degrees.
Outboard half span (¥2), inboard half span (¥4) and full right side (¥5) spoilers are
included. Asymmetric control flap resufrs; of +15 degree (*1) and +30 degree (*3) are

also included for comparison.

Phase Il USB Nacelle Deflector Study

A series of nacelle exit deflectors was attached to the basic aspect ratio 4.0 exit. The

4 .
U" configuration was deflected down from the initial 20 degree closure angle by 0 (Ug),
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10 (U?O) and 20 (U4 ) degrees. The aspect ratio of these units was 4.9, 5.9 cnd
11.4 respectively. The nozzle exit height to flap knee radius ratio was 0. 64 (U )
0.53 (U?O) and 0.44 (U;O)' The U?O deflector wos formed from the U4 by enclos
ing the deflector sides. The UO muzlmum Iif‘: was 7 .2 as shown |n4flgure 135. This
increases to 7.9 and then 8.1 for U]0 and U20 deflectors. The U]O value of 7.9

‘s reduced to 6.7 when the deflector sides are closed to form the UEISO unit. The
edge tailoring of exhaust deflectors is thus shown to be important in aerodynamic
performance optimization. The U?O was selected to further investigate the influence
of nacelle chordwise position on the wing. Nominai 20, 35 and 50 percent chord
nacelle positions were investigated. Figures 136 and 137 show the influence of nacelle
position, and at a thrust coefficient of 2.0 maximum |ift varies from 7.7 to 8.3 as

the nacelle is moved forward on the wing. This forward movement allows increased

spreading of the jet efflux over a greater portion of the flap span.

Figures 138 and 139 compre the U?O and U?O deflectors. Figure 138 presents static
results and 139 presents wind-on results. Figure 138 indicates the U?O deflector static
jet angle was influenced by pressure ratio variations while the UIO was not. The loss
in jet angle with increasing PR in figure 138 is also reflected in a slight zero-alpha
[ift loss from 3.6 to 3.4 as the PR increases from 1.23 to 1.50. Figure 140 shows a

lift comparison of the U?O and U?O units as a function of thrust coefficient. Ata
thrust coefficient of 1.0 the zero-alpha and maximum lift of the U‘:O is 0.8 higher than

5
the U]O'

Phase |l USB/IBF Pressure Ratio Effects

A more detailed study of pressure ratio effects was made with the Ufo deflector and
selected blowing from the IBF knee and trailing edge. Figure 141 presents lift results
with selected blowing from the nacelles; nacelles and knee; nacelles and trailing edge;
and nacelles, knee and trailing edge. In the PR range from 1.2 to 1.6 little effect

is recorded. The variation in lift was principally a function of biowing combinations
and figure 142 shows the zero-alpha |ift variation for selected blowing. The nacelle-
alone lift was approximately 5.2, and the addition of trailing edge blowing increases
lift to 5.6. The importance of knee blowing is emphasized as nacelle and knee blowing

lift increases to 6.2 and the addition of trailing edge blowing to this configuration at a

16



1.5 PR shows little lift increase. Another important factor investigated in this
section was the variafion in relative USB and IBF pressure rafios. Selected nacetle-
knee and nacelle—knee-trailing edge cases are shown in figure 143. A 20 percent
reduction in knee PR below the USB nacelle PR level results in a zero-alpha lift

reduction from 6.1 to 5.4.
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CONCLUSIONS

The following conclusions are drawn from the Phase | and Il small scale wind tunnel

fests:

1.

Phase | and i static tests indicate the hybrid powered lift concept offers
high turning efficiency with minimum jet turning lag (difference between

flap upper surface angle ond stafic jet angle).

The small radius Jacobs/Hurkamp flap with knee BLC was found to work

as well aerodynamically as the larger continuous radius Coanda flap

without knee BLC.

The Phase | low wing performance level was not as high as the Phase 1l
high wing. Phase Il performance increases are attributed to increased
aspect ratio, reduced sweep and resulting reduced shear between the USB

and IBF jet efflux, and increased body lift carryover.

Nacelle exit tailoring is important in aerodynamic performance optimization.
. . . 4
Nacelle exit deflectors with open sides (U ') were found to be better than

those with closed sides (U5).

Nacelle movement forward on the wing tends to give small increases in

aerodynamic efficiency which must be traded against structural efficiency.

Nacelle pressure ratio effects were found to be minimum in the 1.2 1o 1.6

range when the nacelle was fitted with an exit deflector.

Nacelle and IBF pressure ratio differentials were found to be detrimental when

the IBF knee PR dropped below the nacelle value.

Retention of the BLC at the flap knee was found to be the key in retaining
high aerodynamic efficiency by attaching flow on the outboard flap span
not influenced by the USB nacelles. Trailing edge blowing from the IBF sys-

tem was found to have a secondary effect.
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9. The hybrid powered high lift concepr‘ offers powerful flight path
control effectiveness by the use of an aft control flap mounted at the main

flap trailing edge.

10. The hybrid concept is very sensitive to spoiler deployment in the USB input
regions on the wing. Spoiler position and porosity were found to be powerful

in controlling effectiveness.
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TABLE [. - MODEL DIMENSIONAL DATA

Wing

Area, square meters (square feet)
Span, centimeters {inches)
MAC length, centimeters (inches)
Sweep of c/4, degrees
Taper ratio
Aspect ratio
Incidence, degrees
Twist, degrees
Anhedral, degrees
Thickness ratio, % local wing chord
Root
Tip

Leading Edge Flaps

Chord length, % local wing chord
Deflection angle, degrees
Flap-wing gap, % local wing cherd
Horizontal
Vertical

Trailing Edge Flaps

Jacobs/Hurkamp Flap:

Knee radius at nacelle ¢, centimeters
(inches)

Knee radius, % local wing chord
Flap chord reng'rh, % local wing

chord

Control flap chord length, % local
wing chord

Flap span, % wing span

Coanda Flap:

Knee radius at nacelle € , centimeters
(inches)

Knee radius, % local wing chord

Flap chord length, % local wing chord

Low Wing
Phase | Model

0.5988 (6.446)

197.287
31.468
30.000
0.50i
6.500
3.0
0
0

(77.672)

12.5
?.5

17

O —
O

4.064  (1.6)

12.6
40

?2.5
61

11.125  (4.38)

33.7
43

20

(12.389) |

High Wing

Phase (| Model

0.6033
216.052

28.928
14.918
0.509
7.731
3.0
0
0

RN

17

[
(S

4,064

12.6
40

N On

(6.494)
(85.026)
(11.387)

(1.6}



Trailing Edge Flaps (Continued)

Control Flap chord length, % local

wing chord 9.3
Flap span, % wing span 61
Fuseiogé
Length, centimeters (inches) 206.726 (81.388)
Maximum frontal area, square
meters (square feet) 0.0527 (0.567)

Maximum diameter, centimeter (inches) 25.908 (10.200)

Horizontal Tail

Area, square mefers {square feet) 0.210 (2.264
Span, centimeters (inches) 97.450  (38.366)
MAC length, centimeters (inches) 23.101 (9.095)
Sweep of ¢/4, degrees 24.4
Taper ratio 0.37
Aspect ratio 4,52
Anhedral, degrees 0
Thickness ratio, % local chord 10.4
Tail length, in wing MAC 3.485
Tail height, in wing MAC 2.278
Vertical Tail
Area, square meters (square feet) 0.124 {1.339)
Span, centimeters (inches) 42.448 (16.712)
MAC length, centimeters {inches) 30.112  (11.855)
Sweep of c/4, degrees 26.5
Taper ratio 0.55
Aspect ratio : 1.449
Thickness ratio, % local chord

Root : 12.0

Tip 1.2
Bullet length, centimeters (inches) 33.528 (13.2)
Tail length, in wing span 0.454 :
Nacelles
Length, centimeters (inches) 30.480 (12.00)
Max . width, centimeters (inches) 19.050 (7 .50)

206.726

0.0527
25.908

~ (81.388)

(0.567)
(10.200)

(2.264)
(38.366)
(9.095)

(1.339)
(16.712)
(11.855)

(13.2)

(12.00)
(7.50)



Nacelles (Continued)

Max . depth, centimeters (inches)

Toe angle, degrees

Basic nozzle aspect ratio

Exit area, square centimeters (square
inches) -

Exit width, centimeters {inches)

Exit height, centimeters (inches)

Spanwise nacelle ¢, centimeters
(inches) :

Spanwise location, % wing semi-
span

Longitudinal location of nozzle,
% local chord

MNacelle Exit Devices

Deflector length, % chord at
nacelle ¢

0° deflector exit height,
centimeters {inches)

10° deflector exit height,
centimeters (inches)

20° deflector exit height,
centimeters (inches)

Insert cenfer body radius,
centimeters (inches)

Insert edge body radius,
centimeters {inches)

6.985

0

4.0
40.325
12.700

3.175
27.000

27.4

7.7
2.593

2.159

1.588

3.175

22

(2.75)

(6.25)
(5.00)
(1.25)

(10.63)

(1.021)

(0.85)

(0.625)

(1.25)

6.985

0

4.0
40.325
12,700

3.175
29.018

26.9

8.4
2.593
2.159

1.791

{(2.75)

(6.25)
(5.00)
(1.25)

(11.448)

(1.021)
{0.85)

(0.705)



TABLE il. - WING SECTION CONTOURS OF ROOT AND TIP SECTIONS

z/c

Ve=0.125 A -0 e

x/c

/e |

e ( t/c=0.095 ) =10
x/¢c Upper Lower
fr):o '71:]‘0 Ir):o ’Y]=].0

0.0 0.0 0.0 0.0 0.0 .
0.00125000 0.00572317 0.00L43440 ~0.00537467 | -0.00391100
0.00250G000 0.00812602 0.00636721 | -0.00745688 | -0,00536297
0.00375C00 | 0.00997585> | 0,00787970 | -0.00900261{.-0,0064L1807
0.00500G600 0.01153987'{ 0.00917388 -3.61027016 | -0,00726702
0.006L25000 | 0.01291596 0,01032104% .| -0,01136523|.-0.00799216
0.00750000 0.01415987 0.01136577 | ~0.01233640 | -0.00862732
0.01000000 0.016306764 0.01323777 | -0.01501720 | -0.00970796
0.01250000 0.01830336 0.01489240 | -0.01545995 1 -0.01062228
0,01875000 0.02238220 0.01841221 | -0.01842389 | ~0.01246779
0.,02500000 0.02575428 0.02134313 | -0,02082859 | ~0.01394589
0.05000000 0.03555018 0.02982411 | -0,02792389 | -0,01837053
0.07499999 0.04222788 0.03544696 | -0,03316647 | ~0,02183691
0.099999490 0.0L733524 0.03966150 | -0,03737882 | -0.02470893
0.14999993 0.05509348 0.04610780 | ~0,04366652 | -0.02894142
0.199995999 0.060744L40 0.05085341 | -0,.04810718 | -0,.03186756
0.25000000 0.06u488276 0.05436992 -0.05124890 | -0,03388572
0.29999989 0.,06777L489 | 0,056867u8 ~0.05333706 | -=0,03517465
0.34999950 | 0,06954688 0.058L54624 -0 . 05448649 | -0.03581752
0.59999998 0.07025450 | 0.05915145 | ~0.05474475 | -0,03584716
0.44959999 0.06991160 | -:0.05899128 | -0,05413271 | ~0.03528224
0.50G00000 0.06853825 | 0,05798045 -0.052067122 | ~0.03413878
0.54999989 0.06615325 | '0.05612940 -0.05038956:} -0,03244295
0.599599990 0.06277531 0.05344871 | -0.047310639 | -0,03022005
0.5999953 0,058410661 | '0,04993883 | -0.06348744 | -0, 02750618
0.69999949 0.05309385 0.04560722 -0.03893371 | -0.02433011
0,75000000 | 0.04681299 0.04044509 | ~0,033697006 | -0,.02073700
0,79999989 0.03957576 | 0.03u43734 -0.02782363 | ~0,01677852
0.849945990 0.03137351 | 0.02755326 | ~0,02137010 | -0,01252209
0.89999998 0.02217282 | '0.01972492 -0,01441823 | -0,00807286
0.949999499- 1 0.01188200 | 0.01079715 -0.00710873 | -0,00362575
0.97499990 | 0.006Z64206 § 0,00578988 | -0.003419Y87-| -0,.00154585
1.000600000 0.9 1 0.0 - 0.0 0.0
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TABLE lll. - LEADING EDGE. FLAP CONTOURS

z/c

e z/c |
‘ Upper Lower
0.0 0.0 0.0
0.025 0.0714 -0.0715
0.050 0.104 -0.0925
10.075 0.1275 ~0.1078
0.100 0. 1450 -0.1141
0.150 0.1720 -0.1113
0.200 0.189 -0.0825
0.250 0.200 -0.0295
0.300 0.202 0.0105
0.400 0.198 0.0552
0.500 0.181 0.0724
0.600 0.161 0.0760
0.700 0.134 0.0646
0.800 0.100 : 0.0475
0.900 0.059 0.0248
1.000 | o.0 0.0
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TABLE IV. WIND TUNNEL TEST RUN INDEX
PHASE | LOW WING

NOMINAL
CONFIGURATION .1 W | THRUST COEFFICIENT REMARKS
DeglDegd 0 11,012,0]13,015¢,
USB NACELLE INTEGRATION ' PRESS .RATIO VR
52 T2 3334 {[ett Wing 24,2 :
35 ﬁd 0 Powered) 0 0 39 11.2-1.6 1.0 1.0
13
34 'ch.Af
' 3235 Nac.
12 1t B | 43 1.5 1.0
T A
S Nasfaof oY ol _o© 40 1.2-1.71.0 1.0
As As
T 37 Nac. Nac 4
Uig 41 1.0 1.0
A {2 ;334g 1K) 36 Qe e
—Szﬂﬁ%%sg ol 0 38 |1.2-1.6.
ﬂggfﬁd ol o 44 11.3-1.6
leo | . 43
t L is L U‘}o 1R 42 |
$"Nasfeof oYo o] 0 60| 69|69 ] 6811.6 1.5 1.4
71 77| 72114
78| 781 78] 77]1.6
=
1 Uy 751 750 75 | 74 |1.7
33T A -
M ' 164 | 164]164 [ 1631 1.6
>
f&0 A 70 1.6
; 73 1.4
79 1.6
REEI yl 1 76 1.7 ]

* Pitch and yaw schedules given on page xx
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TABLE IV. WIND TUNNEL TEST RUN INDEX

PHASE | LOW WING

'o(\ NOMINAL
CONFIGURATION W | THRUST COEFFICIENT REMARKS
- DegJDeg.| 0 [1.0 ] 2.0(3.0] St.
4 8
I3
§ N3sfs0f o Vo Al 0382 | 80| 70| 81 68
X |
& 34!3 0!l Big7z | 8| 85/ 841 88
L oy Al o 167 [ 166 | 165112 | 163
{
{ ol 8 |16 {1151 114{113
T 7 ‘
S Hy Al 0 |122 1123 | 124125 Run 126, C.=4.0
’ [ ¢ * 0] B (118 | 119} 120|121
I
2 . Al 0 |95] 94] 93| 92
TV 17 ¢ ° of Blot| 90| 89| a8
: ' RIGHT = LEFT
BASE DATA=ENGINE QUT . NAC OUT 1BF O\
153334 4 LA A R
3 17, ‘
5 Nasfanfol Al 0 107 | 106]105
‘ ol B 108
33
; 22 Al 0 136
n o} B 135
s’ HZ Al 0 133 131
Ry
! 0! B 134]
T 33
1 Al © 11 109
! ol 8 110 !
i ALL
! Al 0 101 100 IBF ON
72 { ol B 102 ]I
S Al o 104 s
i1 199 ol B. 103 ' ‘%

26
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TABLE IV. WIND TUNNEL TEST RUN INDEX
| PHASE | LOW WING

._ NOMINAL
CONFIGURATION | ¥ {THRUST COEFFICIENT REMARKS
Deg.Deqg,! & |1.0 2.0 ]3.0]St. :
CONTROL FLAP UTILIZATION
12.33:34 |3 —
SN2 15V Al o 137
H
# ¥ Vﬂsi } } 138
%STABILIZER ,
§INLEpR A2
|3 ;‘;51 ILE. 0 Al oloo !l 98l 97 96
_l #224 {r * * * 127 1128 | 1291130
USB NACELLE INTEGRATION RES.RAT]O. VAR.
52N12 {_35‘__34 (Ri:ghf Wi FIEE pﬁ %E
35 f53 Fo " Poweredl | 0 | 0 231,1-1.31.0 1.0
-1
46 11.2-1.3 1.0 Nac
1.3-
= 58 [1.2-1.4 1.5 1.2
¥ 1.2-
Ug 56 { 1.0 1.8
t 50 [1.2-1.6 1 1.0
Yio o t 1 |
1.3- 1.1-
711.2-1.44 5 1.2
! 47 1.24
. 1 48 1.0 1.3
Nag 53 [1.2-1.5 1.0
1.24
}1 . 52 {1.2-1.4 1.3
y4 E : 1.24
N 50 54 1.3
| + v 1 r | 55[1.2-1.5 T 1.0
5 123534
SNadsafo o | o 1142 {142] 142142 | 141
| Uﬁ | 146 | 146[ 146 | 1451
|
¥ l v ¢v¥ Yo 1 i 144 | 144|144 | 143
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TABLE V. WIND TUNNEL TEST RUN INDEX
PHASE | 'LOW WING

REMARKS

- o | w NOMINAL
CONFIGURATION ¥ |_THRUST COFFFICIENT
Deg.l 0| 1.0[2.0]3.0 |st.
BASE DATA |
p4 | 49 Yo J0S L )
5 Nagfaf oY% Al o liso |147 | 148] 149
. , o | B |51 {152 153 154
5 ol Ho A_| 0 159 {162 | 161] 160
BEEEER o | 8 lisg {157 ] 156 ] 155

-
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TABLE 1V. WIND TUNNEL TEST SUMMARY
PHASE Il HIGH WING

- NOMINAL
CONFIGURATION < 1Y | THRUST COEFFICIENT REMARKS
‘ __|DegsDeg.i 0 1,01 2,0(3.0]St.
BASE DATA
233,34 53
Nadrarg Ulo Al ol 45| 44| 42| 43
Pl o| B8] 64| 63| 611 62
N |
20| Al o]162 158 | 161
rlo o] Bl1sal {159 | 160
922 i Al 01}243] 239{235 | 238
i ) o | 8242 240|236 | 237
i Z
5! Mg Al o222 ;ol215 ] 218
! o | Bl221] 220]216 | 217
3 Al 0]200 196 | 199
f ol Bl2o1| li97 | 198
33
o Al-ol 72] 69] 65| 68
EEEEE o] B| 71| 70l 66 | &7
BASE DATA ENGINE OUT Cr={0.501.011.5 | 3.0 -
—2 T3 0 LEFT NAC RT IBF
5 Nasfgofg’g i Al 0 92| 89 | 90} 94iouT out
i o] B 93| 88 | 91 1
3
P Al 0 188 | 191
{ 0| B 189 | 190
f33
2 | Al o 2331229 | 232 |
2 0| B 2341230 | 231 T
3 All 1BF
fzo- : Al o 98| 98| 97 on
ERER Al o 95 { wrel
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TABLE V.

WIND TUNNEL TEST SUMMARY
PHASE 1| HIGH WING

. | TNOMINAL
CONFIGURATION 1 ¥ | THRUST COEFFICIENT REMARKS
‘ DegdDeg.| o 1,01 2,0/2,01]5:. i NAé i
C T
BASE DATA ENGII\;E ouT 1= 10.5] 1.0| 1.5 LEFT Jj
s'NIZe33 F34 U Ho Al o 86 | 82185 |
i | 0 | 8 87 | 83|84
] Alo 192 195
i 1o |8 193 |194
: f33
i Yoo A 0 227 | 223 [226
RIEER o | B 228 | 224 P25 1 i
CONTROL FLAP UTILIZATION - |Ct=1{0 | 1.0{2.0 | 3.0
123334 /4
SN35F60 it 10 RV RTEIRTE R ALY
D iao 128
34
L 1fos 1221 1201118 | 119
f .
SRS | 34 129
Fdd 4
: 174} 1731171 | 172
=
1y #—15 . L1 1 1ssl| 1820179 | 181
2..12.33,.34
$"Nasfeofrisi-158 V1o Al 0 11271 1261123 | 124
£34 |
f +301L=30R ; 131
:?39 +151=15R ! {azsl 1770175 1176
| féofigm-gop. Y 0 o | 133| 133/133 | 133
C _
2 L 10.31.01.3 LEFT NAC RT IBF
2
S°N 5*3 f3+?5L 15RU10 A |0 1371135 | 136 ouT ouT
F+30L-30R | 1 134
f33f34 } }
30°+15-15R ¥ 1871185 | 186 -
Cr=1 1.0/2.0 | 3.0 N
a2 NAC & KN T.E,
s2npBearts Ui Alo 115 PRI.5 PR 1.2
34 | ]
s R, 116 { i
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TABLE IV.

WIND TUNNEL TEST SUMMARY
PHASE 1l HIGH WING

- TNOMINAL
CONFIGURATION X | W | THRUST COEFFICIENT REMARKS
‘ DegdDeg.l pil1,01! 2.013,0] St, :
2123334 % o
25Fa0fe Y10 Al o 117 R
241263334 NAC. KN. T,E.
S"Nasfaofils 4 1.5 1.0 1,0
: 38 1.5 1.5 1.0
54 .
15 35 1.5 1.0 1.0
r 1 7{ f s Y 37 1.5 L5 1.0
HORIZONT.STAB.EFFECT.
1123338 2 4
S'Nafeofa HES Yio Al ol 78] 75173 | 74 |
ng Hi10 g0l 79 177 | 78
2
30{ H.5 202
| W
+]10 03
3yt
22| s 2141213 1211 b12
- *LHHO 2101209 1207 1208
334 2
1Y Fg,_,fn Hig 1 1 11 8] o
SPOILER EFFECTIVENESS SPOILERS
5 1233344 4 ' —
S Nasfgofsésm U A | o 11411140 138139 Full Span
5 142
54' ) ‘
30 ! 144
A Inbd . Half Span
5539 143 P
20 145 Qutbd.Half Span
o] O
520 149 Inbd . Quar, Span
3A
$a0 151 Porous Inbd.Hf.Spa
6B
sgoc il 150 Por.Qutbd . Hf . Sparn
1T 1152 } ! 152 Por. Inbd. Qtr.Span

=
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TABLE V. WIND TUNNEL TEST SUMMARY
: PHASE II HIGH WING

- | NOMINAL
CONFIGURATION o 1 % | THRUST COEFFICIENT REMARKS
‘ 4 Deg4Deg.y 0 {1,011 2,0{3,01 St, SPOTCERS
52N1325f38f364$513 Y10 A o [167 ] 166|164 |165 Foll Soan:—
15420 . 168 Inbd ., HIf. Span
: | '
1 sg | 5 169 vibd . HIf.Span
1 I 4 ir 1
RIRRL L 170 Full Span
52“33@8?3&53_5 | 148 Right Spoilers only
T | AR |
] ;25%R | 147
TREE: Pl 146
2 123334 4 !
5 NSngZFO 55%(\) i 244 _|Full Span
| ¢ 2 | 245 Inbd . Half Span
1 1 r%30 1 [ 246 Full Span
_USB NACELLE DEFLECTOR siuDY |
5 123334, 4 = .
S°N35%070 U5 A |0 47
o ! !
L w0 45 | 44 | 42 | 43
T
]2: L 720 48
| 4
Nag - Yy s2 | 51 | 49 1 50
_._"7"']2? 1 ¢ |y |57 |56 | 54| 55
33D :
S Nasfeaf o Yo A | 0 P58 |257 1254 | 256
1 s | 259
;rf34 3
s D60
| g
P Sah 261
; i Nac.PR Knee/TE
| 262 1.6 - PR 1.0
23 1.38
263 1.26 c
LA O A A Lt 264 6o 15t
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TABLE V.

WIND TUNNEL TEST SUMMARY

PHASE 1l HIGH WING

, NOMINAL
CONFIGURATION P | THRUST COEFFICIENT REMARKS
' Deg4Deg.| 0 11.0} 2,013,0}St. :
USB/IBF PRESSURE RATIO EFFECTH PRESSURE RATIS
s“NZarargUlo 0 26 Nla.cz' To T30
27 1.4 I
28 1.5 |
T 29 1.6 l’
40 1.2 1.2
BERRR ] 40 16 1 1.6
52“5?23*?1”?0 0 31 1.2 1.2 1.0
| 30 1.5 1.5 .
31 1.6 1.6 l’
46 1.2 1.2 1.2
46 1.4 1.5 1.5
42 1.5 1.5 1.7
33 14 1.2 1.0
32 ¥ 1.6 {
41 1.5 1.0 1.5
39 - 1.6
41 L | 1.7
59 1.4 1.2 1.2
T 11 % Y 58 } o155 1.7
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TABLE V. - STATIC TURNING DATA SUMMARY

(FULL-SPAN TESTING UNLESS NOTED)

Test Run Flap & NacelleNacellg Blowing S:
Phase No. | Config. Upger Emf o |Exit J 'n‘f Remarks
Surface |Position|Config, INagKn, ITE
! 44 fggfg4 72.7° Nég Slot {* {* | * | 51.1°| .930 |Semi-Span
| 12 o Testing
' 43 Ny 47.0°| .997 '
i 42 { u‘l‘o 60.9°| .916 ;
. 12 |
1 Nas | 1 59.3°| .958 | |
i | 4 { o] "
: 37 Uy 57.9° | .96% i
! |
| 38 e | 473 953 |
| 35 Stot * 48.4°| .958
34 I 110 44,8} .930
% 39 0 38.5° 1 .921
41 : u’;'o 59.7° | .938
40 ug l (| 558°] a3
8 ‘} * |+ | 40,6°1 .940
74 u‘;o 62.2°1 972
77 | t {slor |} 51.8° | .880
(BF | 1 0 62.1° | .9%0
3334 | o 12 4 o :
6 .
163 foofy  132.0 Naz Yy } 30.8 %75
52 F§§Fg4 54.7° N;S Slot 0 38.4° | .933 |Semi-Span
12 Testing
54 N {137.2°| 915
| 55 f 0 |33.7°| .882
53 N;S 37.0° | .937
1 23 N;E , 34.2° | .978
! 49 | ’ { | u‘]*o YT 47.2° |1.014 {




TABLE V. - STATIC TURNING DATA SUMMARY
' (FULL-SPAN TESTING UNLESS NOTED)

Test Run Flap 5¢ Nacellg Nucelle{ Blowing I - ]
Phase | No. |Config./Upper | Exit Exit I' ‘ J £ | Remarks
___|Surface Position/Config.|Naq Kn| TE
| 50 (ot 154,77 INg2 i 1% |0 0] 44.2°| 1.007 |Semi-Span
) o Testing
56 b *| 43.0° ,988
46 Slot 37.6°] .92
48 u‘]‘0 45.2°| .995
| 57 i . 46.4° 998
t 58 153 !’4 - Slot | | ‘ 39.4° .19 f
5 g
Ul ot | 443° f o 34.1° 908
$ s | u‘l‘0 41.6°] 1.014
| s l l rofuw 1 (| 39.7° .984
33,34 o, 12 | . 4 o
i 49 |FET | 73.257N 0 F Uy fr | 0| 6557 .02
54 N;S 67.1°1 1.098
42 Ng 67.4°| 1.04
138 | 49.7°] .835 s‘]‘0 |
142 ° st
| 4247 .82 520
143 ° 5A
- 42.6°| 6735,
-'44 a) 4
| | 25.9°| 606 |S4,
145 : R o 5B
. 67.5°| 1.072 | S50
149 ; 5.2°| . 5C
| o | 824 |3
150 | ‘ o 6B
: | 67.3°) 1,070 |5,
1 151 { r ! T [T 11| 658°% .07 s‘;g
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TABLE V. - STATIC TURNING DATA SUMMARY
(FULL-SPAN TESTING UNLESS NOTED)

Test Run Flop | 8¢ NacellelNacelid Blowing $-
Phase | No. | Config{Upper | Exit Exit J "14 Remarks
Surface |Position|Config.|Na¢ Kn| TE '
3.34 4. 12 YRR R R o 6C
5 152 rzofo 73,25 Ngg | Uy 65.3% .958|s%r
48 U;O 66.1° 1.00
47 ug 65.0% 1.05
254 U?o i 58.6°] 1.043
. o 4
2%1 ) 20.9° 790 S,
264 Il o| 5.8 .980
262 0 51.5° .948
28 u‘]‘0 L 67.8°] 995
39 ] x| 66,7°1 1.05
30 [ ( ] *1 01l 68.5% 1.05
33,34 :
38 |foF1s | gg.250 : | ‘ l 77.7° 1.00
% ! lilo 77.3%  .986
11 t { f | = | 77.0° 1,00
259 | 1 U?o x| x| %] 63.0° .964
3.34 .. o
20 |Foof | 58.25 { 52.0° .99
116 u‘:o 60.5°] 1.02
118 1 59.4°%] 1.05 | Semi-Span
Testing
3% [ 10| 61.3° 1.03
ERE f ol f] 60.8° 1.01
3334 o '
| 128 |6, fa0 {10325 T +| 84,5° .94
| 33 34 , ‘ o
f 129 F o az0sd § | 1 i 51.4° 1.06
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TABLE V. - STATIC TURNING DATA SUMMARY
' (FULL-SPAN TESTING UNLESS NOTED)

J—

Test | Run Flap sf NucelIeINacelIe Blowing S - 7
Phase | No. |Config.|Upper [Exit Exit ' J 4 | Remarks
Surface |Position|Config.Nad Kn! TE
3 ol,.12 4 - o )
It 157 fgofg4 42.83° N2 UL | |t | 38.4%) toer
164 40.6°| .925 s‘:o
o) 5A
168 7.4 .82 S,
o 58
169 37.9°| 888 (S,
0 4
170 ( | 37.? 81 |S,
3.34 o o
171 Fgof s | 57.83 50.9°| 1.067
33.34 o o
179 (Fofoysl 27.83 28.3°| 1.03
235 fggf%“ 34.,27° 30.4°| 1.092
215 28.0°] 1.080 Hg
211 30.3°| 1.096 | HZ,
o 2
207 30.0°| 1.108 |H%,
' 4
244 4%,
| 33.4°| 845 | S5
| 248 24.0%| .743 sgo
P oaas | 1 ( f PATIT] 1) 800 a0 |s7
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8¢

(c) Rear View

Figure 1. -

(d) Top View

Low Wing Model in Lockheed V/STOL Tunnel



6€

(c) Full Flap Span Spoilers

Figure 2, -

High Wing

(b) Side View

(d) Nacelle/Wing

Model in Lockheed V/STOL Tunnel
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JACOBS-HURKAMP FLAP

Figure 4. - Trailing Edge Flap Sections
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(@) 20° Spoiler on Outboard Half Flap Span

(b) 20° Spoiler on Inboard Half Flap Span

(c) 20° Spoiler on Inboard Quarter Flap Span

Figure 5. -  Spoilers, 0,10c, 50% Porosity
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|Configuration| A | B | ¢ | pod Eond Fon

o 699 [12.32 | 1765
30°SWEEP  |i375) {1aa% | eesy |200 | 352 | 508

660 | 1.68 | 16.7
15° SWEEP | 260 | 1480 &1 206 | 356

660 | - 521

ALL DIMENSIONS IN CENTIMETERS {INCHES)

Figure 6. - Nacelle/Wing Geometry Details




{a) Basic Nacelle Exit, AR = 4.0

{b) E3 Exit Insert

d Ul

Exit (Closed Deflector)

Figure 7. - Nacelle Exits
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q
RUN 5YM C N/M?' (PSF} MNAC KMNEE T.E. NAC KMEE T.E. CONFIGURATION

Figure 8. -

Effects of Nozzle and Deflector Configurations on
Longitudin%[ %hcracierisﬁcs of the Low Wing
Model, 60°/0° J/H Flap, Toil Off
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P.R. THRUST SPLIT %
RUN 5YM CT N/M {PSF) NAC KNEE T.E. MNAC KNEE T,E, CONFIGUMTION

12,33
73 @ 1.85 474 {9.9) 1.35 1.43 1.42 77 é 17 35‘60@“”0
2 B 1.83 627 (13,1 1,38 141 137 @4 4 12

Figure 9. -  Effects of Nacelle Pressure Ratio on Longitudinal

Chcracter:shcs of the Low Wing Model,

60°/0° J/H Flap, 0° Open Deflector,
Tail Off
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MNAC KNEE T.E. CONFIGURAFION
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- Figure 10.

Longlfudlnal Chqrqcfenst:cs oF the Low Wing Model,
Tail

60°/0° J/H Flap, 0° Open Deflector,
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(24.7) 1.60
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Figure 11. -

51

Lcterql-Direcriono(I) Clscra(:terisﬁcs of the Low Wing
Model, 60°/0° J/H Flap, 0" Open Deflector,
Tail OFf
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Figure 12.

Biimibis

Longﬂudmc:l Churoc'renshcs oF the Low Wing Model,

22 /O J/H Flap, 0° Open Deflector, Tail

Off
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Figure 13. -  Lateral-Directional Characteristics of the Low Wing

Model, 22°/0° J/H Fiap, 0° Open Deflector,
Tail Off -
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Figure 14. -  Longitudinal ghcrac’rerisﬁcs of the Low Wing Model,
60°/0° J/H Flap, 0° Open Deflector, Tail On
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Figure 15, -

Lateral-Directional Cguracteristics oc;r' the Low Wing
Model, 60°/0° J/H Flap, 0° Open Deflector,

Tail On
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Figure 16,

Longll'uqu[ Characfensﬂcs oF the Low Wing Model,
22 /0 J/H Flap, 0° Open Deflector, Tail On
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Figure 17.
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Model,
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I Charccter:shcs of the Low Wing
°/0° J/H Flcps, 0° Open Deflector,
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Figure 18, -

Longitudinal Characteristics of the Low \é\iing Model
wi th O.Q)e Engine Inoperative, 40 /0" J/H
Flap, 0" Open Deflector, Tail On
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Figure 19, -

Longi tudinal Characteristics of the Low Wing Model
wict)h gne Engine In%peruﬁve, 60°/0" and
22°/0° J/H Flap, 00 Open Deflector, Tail

On and Off



24 P.R. THRUST SPLIT %
MN/MS (PSF) WAC KMNEE T.E. NAC KMEE T,E. CONFIGURATION

T
2 12,3334 4
135 Q  0.57 &%4 [14,5) 1.65(L)1.34(R) 1.48(R) 82 3 15 8 N35522'0U0

RUM  Sym C

1 4
13 © 0.07 6% (14.5) LeSLLMRILAER T ¥ t sN‘agfggr";uoug

t
s
1
:
]
g
|

Figure 20. - Lateral-Directional Characteristics of the Low \lgin%
Model with g)ne Engine Inoperative, 60 /0
J/H Flap, 0~ Open Deflector, Tail On end
Off
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Figure 21. -  Longitudinal Characteristics of the Low Wing Model

‘ with the Right Engine Inoperative and with
BLC Variations, 60°/0° J/H Flop, 0° Open
Deflector, Tail On and Off
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Figure 22, -

Lateral-Directional Characteristics of the Low Wing
Model with the Right Engine Ino

perative and

with BLC Variations, 60°/0° J/H Flap, 0°
Open Deflector, Tail On and Off
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Figure 23. -  Longitudinal Chqrqctgrisrigs of the Low Wing Model,
Symmetric 22°/15° and 22°/-15° J/H Fiap,
0" Open Deflector, Tail Off '
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Figure 24. -  Longitudinal Charac’rerlshcs of the Low Wing Model -
wnh -5 Horizontal S'rcblllzer Incidence,
60°/0° J/H Flap, 0° Open Deflector
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Figure 25.

Longitudinal Characteristics of the Low Wing Model

wigh -(—)5 HorizontqloSfubilizer Incidence,
22°/0° J/H Flap, 0° Open Deflector
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Figure 26. -

Longitudinal Characteristics of the Low Wing
Model with g/ctgous Nacelle Exit Config-
urations, 44 /0 Coanda Flap, Tail Off
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Figure 27. - Longlrudmcl Charuc’rerlshcs of rhe Low Wing Model,
44 °/0° Coanda Flap, 0° Open Deflector,

PN aY s



LLEPRet 2422 ceaas T T T T P T T T T T T T T T T T T I T T T T T T T T T e Ty e T T T T Tl

24 P.R. THRUST SPLIT %
RUN  5YM CT N/ME (PSF} MAC KNEE T.E. NAC  KNEE T.E. CONFIGURATION
2 123534 d

5 o 0
151 a G 1192 (24.9) 1.0 1.0 1.0 G § NQS‘H’D Uo

152 8 0.9 197 (25.0) 1.67 LG 121 93 o
159 & 18959 (12.5) 1.67 1.0 1721 ]
154 $  2.85 297 (8.3 1.48 1.0 1.21

Figure 28. =  Lateral-Directional Characteristics of the Low Wing
Mode!, 44°/0° Coanda Flap, 0° Open
Deflector, Tail Off
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- Figure 29. - Longifudingl OCharacferistics of the Low Wing Model,
44°/0" Coanda Flap, 0° Open Deflector,
Tail On
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Figure 30.

Lateral- Dlrechonol Characterlshcs of fhe Low Wing
Model, 44°/0° Coanda Flap, 0° Open
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Figure 32. -  Lateral-Directional Characteristics of the High Wing

Model, 60°/0° J/H Flap, 10° Open Deflector,
Tail Off

72



€L

P.R.

q
RUN  SYM C N/M2 (PFSF} NAC KNEE T.E

142 @ 0 967 2.0z} 1.0 1.0 1.4

158 @ 2.04 484 (10.1) 1.50 .51 1.3 -

161 A 3.10 318 &.6) 1.50 1.5 1.3 -

T T

| THRUST sPLIT %

KHNEE T.E. CONFIGURATION

12,3334, 4
9 0 5“3530{3
1

Figure 33.

Longffudmal Characfenshcs cF the High Wing Model,
30°/0° J/H Flap, 10° Open Deflector, Tail
Off



K R EELE i FRTEEH

2 PR, THRUST SPLIT %
RUN 5Ym C, N/MP(PSH NAC KNEE T.E. NAC  KNEE T.E. CONFIGURATION

2 12,3334 4
Y

W3 o 0 % (0.0 1.0 1.6 1.0 © 6 0 3 strgqrg Ui
159 @ 2.04 484 (10.1) 1.50 1.51 .63 79 5 16
0 A 3.06 316 (.6 i.%0 1.5 1.63 i

Figure 34. -  lateral-Directional Characteristics of the High Wing

Model, 30°/0° J/H Flap, 10° Open Deflecior,
Toil OFff

74



74

[
SYM C, NMT (PSF) NAC

=]

=}
&
®

0 w7

1.02 977
2.08 479
3.12 218

(20.4) 1.0

{20.4} 1.51
{10.0} 1.51
{6.7) t.52

Y 1 5 FEER CRER PERS: 36 PO

THRUST SPLIT %

NAC KNEE T.E. CONFIGURATION
212,33 34 4

Q 0 5 N35f22f0 UID

Figure 35. -

Longitudinal Characteristics %F the High Wing Model,
22°/0° J/H Flap, 10° Open Deflector, Tail

Off




o 77

1.02 977
2.08 479

316

c. N/ME

4
{PSF)  NAC
(20.4) 1.¢

(20.4) 1.51
(10.0) 1.5
(6.7) 1.1

P.R.

KNEE T.E.
1.9 1.0
1.5 1.82
1.50 1.63
1.4%  1.63

|

TR
THRUST SPLIT k]
MNAC KMEE T.E. CONFIGURATION

12,3334 4
¢ o 4 5 N35f§2

T R S G

BO 5 15

b

Figure

36.

La’rerol Dlrechonal Chorac’rerlshcs oFothe High Wing
Model, 22 °/° J/H Flap, 107 Open Deflector,

Tail OFF

76



L

3 =31

i

ke

ES3Ea 8833}

PR, THRUST SPLIT %

q
RUN  SYM C N/MZ (PSP

72 a 0 982 {20.1) .G 1.0 10 0 Y] 0

3.560

&% B 1.03 92 (20.1) 50 1.54 .64 7% 5 1]

T B sy e g

iz 63 & 2,10 474 (7.9

50 1.54 1.64 l | i

Lo 68 & 3.16 3 (&.7) .50 1.52 1.83

Figure 37.

nciH

IRIEEEAD dLs A HET

‘.m

Longﬁuqul Chamcrertshcs of the High Wing Model,
60°/0° J/H Flap, 10° Open Deflector, Tail
Cn

NAC KMEE T.E. NAC KMNEE T.E. CONFIGURATION
4
5 N12F33 34 2

100



23 PR, THRUST SPLIT Yo
RUN  5YM Cl’ N/ME (PSF) NaC KNEE T.E.  NMNAC KMEE T.E. CONFIGURATION

1 e © % (WNI0 1.0 10 0 I T O O T
) 70 @ 1.03 %  (20.2) 1.50 1.534 1.64 7% 5 14
8 & 2,10 474 (9.9) 1.50 1.5 1.63 l l 1
6.7) 1.0 1.52 1.63

PRI AT
T 138

Figure 38. - Lateral~ Dnechonql Chcracrerlsﬂcs of the High Wing

Model 60°/0° J/H Flap, 10° Open Deflect-
Tcul On

78



74

TRE S48 {raH BEEIT TET LM Bo s

21 P.R. THRUST SPLIT %
SYM CT KM= (PSF) T MAC KMNEE T.E, MAC KMEE T.E, COMFIGURATION

1123334 4 2
o 958 (2008 10 10 10 e 0 0 shIEs
B 2.07 464 {i0.1) 120 150 162 79

& 3,10 3 {6.7) .50 .50 1.

hatT s

o

I3a%3 £

Figure 39, - Longifudingl gharqcrerisﬁcs %F the High Wing Model,
30°/0" J/H Flap, 10° Open Deflector, Tail



B s Bl W Pt
29 P.R. FHRUST SFLIT %
NS (PSF) MNAC  KNEE T.E. NAC KMNEE T.E. COMNFIGURATION

ik it bk sl

RUM  5YM C

T
ce1, 123334 4 2
201 o 0 958 {20.0) 1.0 1.0 .o & q 0 5 Nsslgofg U?OHD
197 @ 2.0 484 g1}y 1.50 1.50 1.6 79 4 15

w8 & 30732 ®7) 1.5 1.5 tee { '

Figure 40. -

Lateral-Directional Choracteristics of the High Wing

Meodel, 30°/0° J/H Flap, 10° Open Deflector,
Tail On

80



/w2 (o
) NAC

ST ELES SRR Rl LEPPY PR STt R HEEH EEE: MEEE] S PR Tn

P.R.

KMEE T.E.

1.0

1.52

1.50
1.50

| TR SO A R
%

KNEE 1.E. CONFIGURATION
o sINIZARAM 2

35220 WD
135

|

L8

Figure 41. -

.Lcterql-Direcrionc:(l) Claaracreris’ri.cs of the Hi
Model, 22°/0° J/H Flap, 10° Open
or, Tail On




2N

220
214
217

RUMN

o

o
A
1]

SYM Cy NmE

0 972

1.02 972
2.07 479
3.09 32)

q

{PSF) NAC
(20.3) 1.0
(20.3) 1.5
(1003 1.51
6.7y 1.5

THRUST SPLIT
KMNEE T.E.

P.R.

KMNEE T.E.

1.0 1.0 o0
1.50 .63 80
1.50  1.63 l
1,49 1.63

NAC

%
CONFIGURATION

2] ] Nl'z 33,34U]0

3522 a

fges trenf b

N

-Jh_,_l__ F I ‘

Figure 42.

Model,
or, Tail On

82

Lateral- D1rechona| Churaci‘erlshcs oF the High Wing
22°/0° 4/H Flap, 10° Open Deflect-



Sym C

T
¢ 248

0.51 938
1.04 469
1.56 311
3.08 158

B ¢ b B e O

Figure 43 .

N/M

PIRTIC (T TITTTRTIET

q o
2 {PSF)

{19.8} ¢

(19.8)
(5.8
(8.5
{3.3)

sé= it

P.R.
MAC  KNEE T.E.
1.0 1.0 1.0

1.49(R) 1.51(1) 1.64(L)
1. 50(R} 3. 49(L) I .64(L}
1.50(R} | .49(L} 1.64(L}
FLA0(R) 1. 49(L) 1. 64(L)

SR s

T
BA) Py
THRUST SPLIT %
NAC  KNEE. T.E. CONFIGURATION
N123334 4
0 N AN
79 5

by

e 53

Longitudinal Characteristics of the High ng Modell

with the Left Engme Inoperative, 60 /0
J/H Flap, 10° Open Deflector, Tail Off

'
s

H

1htniis




PR, THRUST SPLIT %
2UN  5TM C N;’M (PSH NAC KMEE T.E.  MNAC KNEE T.E. CONFIGURATION

5 o 0 WS (8 L0 1.0 1.8 0 o o ;grﬁtg‘ uly
w2 & 0.5F TIE (19.8) 1.49R)1.5NU 144U 7Y 5 14
b B9 [~} 1.04 489 {9.8)  1.5018)1.4%L) 1.84(L)
- Lo & VLA 3N (6.5)  1.50(RY T.4900) 1.64{L)
[ Sl
%4 ¥ 3.08 158 (3.3) 1.49(R}1.49(L)1.64{L)
o gy PR
A
o
e
: ;
R
; =
]
I
O
e -
|
:‘7§7" T
T
.
t L4 7
Lo
e
am
=y
)
1
T

Figure 44, -  Effect of Angle-of-Attack on Lateral-Directional
Characteristics of the High Wing Model
with the Left Engme Inoperative, 60 °0°
J/H Flap, 10° Open Deflector, Tail Off

B84



CONFIGURATION

%
KMNEE T.E.

THRUST SPLIT
NAC

P.R.
NAC  KMNEE T.E.

q
SYM ¢, N/MZ (SR

RUN

12,3334 4
3560‘0 UIO

52

.0

(19.8) 1.0 1

928

[

©
@

44

(5.6) 149 1.51{L) 1.6HL)79

{9.8)
(8.6)

13

|

.51 938

92
L]
21

—_—
joir )
@ oo
L -1
23
)
-+ -
e &
= =
g &

[

1.03 469

.54 316

o]
J-Y

P

g

i

il

Hiriks

J3§aiTE3

iy
¥

i

1P

i

i IR HIRIER

el HELH ik

ing

gh W

Lateral~Directional Characteristics of the H

Figure 45. -~

©
T
b -
[ | .
20
e
O
me
2°s
2
| =
L LT
D
50O
c
Lo
+~ 2
e
=
— LY
Q.
@ O
=
£<
5
-9
QL
do/f
wmo
O

Off

85



98

T T T T T T T T S T T S T T T R e S T T T T T T

29 P.R. THRUST SPLIT %
RUN  SYM CT NS (PSP} NAC KMEE T.E, NAC  KNEE T.E. COMNFIGURATION

2,.1233 4
o
2 & 0 98 (2.2 1D 1g %0 0 0 SNasf;tJ’g‘Ula

188 @ 1.03 488 (10.2} 1.50(R) |.51(L) 1.64( 7% 6 15

191 @ 154321 (6.7) 1.500%)1.30(L) 1.63() ¥ {

1

i 2Eidk Be th

Figure 46. .~ Longitudinal Characteristics of the High Wing Model

with. the Left Engine Inoperative, 30°/0°

/4 Flap, 10° Open Deflector, Tail OFff



q
W Sy Gy n/ME (PSR NAC

W2 a 0 w7 (0.2 1.0

CONFIGURATION

188 @ 1.03,488  (10.2) 1.50(8)1.5ML) .6AUTP
191 1543 67) 15008 1.50(0 1,630 4

\[

TR

i

] Sl

i

Figure 47. -  Effect of Angle-of-Attack on Lateral-Directional
- Characteristics of the High Wing Model

with the Left Engine Inoperative, 30°/0°

J/H Flap, 10° Open Deflector, Tail Off

87



29 P.R. THRUST SPLIT %
RUN  SYM C. N/M® (PSP NAC KNEE T.E. MAC  KNEE T.E. CONFIGURATION

12'.33 4 4
15
159 & 2.04 484 {10.1) 1.50 1.51 1.41 79 & 3530%

© 3.06 316 (6.6 1.50 151 143
©  1.03 484 (10.1) i.50(R) 1.51{i) 1.8(0)
O 1.52 326 (6.8) 1.50IR) 1.50(L) 1.63{0)

4

SRR AT

i

Figure 48. -  Lateral-Directional Characteristics of the High Wing
' Model with Symmerric and Asymmetric Blowing,

30 /O J/H Flap, 10° Open Deflector, Tail
Off
88



68

\

@ P.R. THRUST SPLIT %
RN SYM &g Ny (PSF) NAC KMNEE TE. MNAC KNEE T.E. CONFIGURATION

il
i 12 4
i 43§ 0 W (0410 0 rOo D 9 .0 35f§§r§"'u

233 O 0.50 958 (20.0) 1.49(R).48(E)1.43(L) 80 5 15
29 @ 1.02 4% {(10.0) 1.50(R)1.4B(L)1,641)
232 A 1.53 316 {6.4)  1.50(R) 1.48(L) ) .44(1)

-1“1[-?‘

Figure 49. - Longitudinal Characteristics of the High Wing Model
with the Left Engine and the Right BLC
Systems Inoperative, 22 °/0° 4/H Flap, 10°
Open Deflector, Tail Off



29 PR, THRUSY SPLIT %
RUN  5YM C.[ MM O(PSF} NAC KNEE TLE.  MAC KINEE T.E. COMFIGURATIONM

2 0§ 0 W (®AIS 10 ve 0 o 0 s%ﬁ@fﬁ“u‘}o
233 © 0.50 958  (70.0} 1.49(R)P.48(L) 1.63() 80 5 15

¢ G 102479 (15.0} 1.5D(R)1.4B(L) .64(L)

2R A 1.53 316 (6.60  1.ENR)1.3B(L)1.84(L) 7

Figure 50. -  Effect of Angle-of-Attack on Lateral=-Directional
Characteristics of the High Wing Model
with the Left Engine and the Right BLC
Systems Inoperative, 220/00 J/H Flap,
Open Deflector, Tail Off

90



I 59 PR THRUST SPLIT %
: RUN  Sym Cp N/M (PSF) NAC KNEE T.E. NAC KNEE T.E.  CONFIGURATION

Lﬂ - ? 47 6 0 W7 @4 g 14 19 g 0 o SzNégfggfg4U?0
I 24 o 0.5 958 (20.0) 1.50(R) |.48(L) }.63(L1 80 515
S 230 @ 1.03 474 (9.5) 1.50(R) 1.4B(L) 1.64(L)

: : M & l 1 J

1.54 316 (6.6) 1.50(R)1,48(L}1.64(L}

1

Figure 51. -  Loteral-Directional Characteristics of the High Wing
Model with the Left Engine and the Right
BLC Systems Inoperative, 22°/0° J/H Flap,
10° Open Deflector, Tail Off

21



zé

i iR BRI
24 P.R. THRUST S8LIT %
RUN  SYM CT M/MT {PSFY NAC KMEE T.E. MAC KMEE T.E. COMFGURATION

98w 0.50 087 (22.7) 1.4R)I.56 1.64 46 8 26 szngr:gfg‘u:o
97 4 V.57 389 PN 1.4BR1.55 1.64 1 L L S
% - A 107 555 (1.6 1.5OM1.55 1.o4 64 9 2
95 ©  1.04 488 (10.2) |.49R)1.50 1.&5(U75 10 15
89 © 1.04 4 (9.8 1.50R14()I.64L82 4 14

IO

Figure 52. -  Longitudinal Characteristics of the High Wing Model
with the Left Engine Inoperative and with
BLC Variations, 60°/0° J/H Flap, 10°
Open Deflector, Tail Off



5 PR THRUST SPLIT %
RUNM Sym €. N/MT PSP NAC KNEE T.E. NAC  KNEE 1.F. chF:Guunou
% v 050 0 (27 Lemise bet & 8 2 5NN
o7 G 1.7 WY (7.7 1.48®1.55 .64 ‘. 1 l
§6 & 1.07.555  (11.8) 1.50R)1.55 1.64 o4 + oz
95 o .04 48 (10.2) 1.49(R)1.5Y PSS w1
B9 O 1.D4 469 {9.8) 1.50IR) 1 49001 641} 82 4 14
T T T T
ot IR ERN T '
S o R T A s i e
: . _"35- L 1
v P O I i ‘ : &
mm“""“*?—ﬂﬂ*:“- | et )
N o N N ! = e b
DR s e e A s
1 BREEERENE IIRE R |
RN LS EEE S e 17
- ;PSS ot R SCE e 4 |
_ | - i _
A
B | i
SN TN TN SR VU NS S N L — NS _
o] Iy )
v dhet

Figure 53. -  Effect of Angle-of-Attack on Lateral-Directional
Characteristics of the High Wing Mode! with
the Left Engme Inoperahve and wi ith BLC
Variations, 60 /0 J/H Flap, 10° Open
Deflector, Tail Off

23



¥é

5

b st LEE RSt REECHIOR Bists RS i) G ENE
PR, THRUST

q
RUM  5YM C!. N/f\t‘l2 (P5F) MNAC KMNEE T.E. HNAC

72 a 4 962  (20.1) V.0 1.0 .o 0

8 B 0.52 934 (19.5) 1.50{R) 1.50(1) 1.64(L)81

82 A 1.03 474 (5.9 (1.50(R} |.4%{L) |.64(L) 1
85 & 1.5 an 4.5 L.50(R) 1491 1 6alL)

SPLT
KMNEE T.E. CONFIGURATION

1123334 4 2
a0 s Nsﬁfgafo Ui

4 15

|

Figure 54. -

Longitudinal Characteristics of the High Wing Model
with the Left Engine and the Right BLC
Systems Inoperative, 60°/0° J/H Flap,
Onen Deflactar  Tail Nn

10°



*.R THRUST SPLIY %

B B
I cT N SYM G NMEIPSF) NAC KNEE T.E. NAC  KNEE T.E. CONFIGURATION
i BEN 1123334 4 2
R 72 @ o0 Wz (0N1e 10 156 0 00 sINREUH
. i1 8 D 0.52 934 (19.5) 1.50(R) 1.50(L} 1.64{L}81 4 1
‘ ale 2 A 103 G4 {(9.9) 1.500R)1.4LT.E4L l I
i 85 0 1.5 310 (8.9 1.50R) 1.4%L1.6ML

Figure 55- -

Effect of Angle-of-Attack on Lateral-Directional

95

Characteristics of the High Wing Model with
the Left Engine_and the Right BLC Systems
Inoperative, 60°/0° J/H Flap, 10° Open
Deflector, Tail On




ST T I TP A T e e T 1 TN T T T e D T TR T AT T T T TR T TR T T T P T [T T o

PR THRUST SPLIT %

RUN Svm o N/ TSP NAC KMEE T.E. NAC KNEE T.6. CONFIGURATION
3{ 71 © 0 %2 (0.1 1.0 1.0 10 0 0 0 SN:E‘:;";‘ :th)
: 87 m 0.5 934 (19.5) 1.50(R) I.50(L} 1.64(L}8I p 15

81 A 1.03474 (.9 I.SO(R)IJO(L)I.M(L)l l
; BA O 1.5 310 (8.3 1.50(R)).49(L) 1.641L)

Figure 56. -  Lateral Directional Characteristics of the High
: Wing Model with the Left Engine and
the Rnght BLC Systems Inoperative,
60%/0° J/H Flap, 10° Open Deflector,
Tail On

96



£6

20 A Q 958

192 a 1,52 488

1957 B 1.54 3N

P.R. THRUST SPLIT E)

q
RUMN  SYM CT N/M2 (PSF) NAC KNEE T.E. NAC KNEE T.E.  CONFIGURATION

1,,12,33.34 4 2
(20,09 1.0 1.0 .a 0 0 Q E N35f30f(} UiDHﬂ
(10.2} 1.30(R) j LAMEY 1 .44{L)80 -] 14
(6,7)  1.50(R) 3.50(L} 1.64(L) b } }

Figure 57. -

Longitudinal Characteristics of the High Wing Model
with the Left Engine and Right BLC Systems

Inoperative, 30 /00

Deflector, Tail On

J/H Flap, 10° Open




3 PR THRUST SPLIT %
N sy Qg N/ME (PSH NAC KNEE T.E. NAC KNEE TE.  CONFIGURATION

b1 4
2 & 0 v (M 10 L6 1.0 O o o s

192 © 1.02 488 (10.2) 1.5KR) 1.5 LML 8 M
194 154 321 (87} 1.mm.m{m.mql i }

T 1 O

fasha s

A
b

T PR T -
‘— ‘—F 5 - % *VL-JL ”LF {— ENEREENE

Figure 58. -  Effect of Angle-of-Attack on Lateral-Directional
Characteristics of the High Wing Model
with the Left Engine and Right BLC Systems
Inoperative, 30°/0° i/H Flop, 10° Open
Deflector, Tail On

98



24 PR, THRUST SPLIT %
RUMN  5YM CT MM (PSF) NAC  KNEE T.E.  MAC KMEE T.E. COMNFIGURATION

1,,123334 4 2
197 A 2.05 484 (WD.1) 1.50 1.50 .81 B0 & 14 SNasfgofg UIOH(J

& 3.07 321 (6.7 150 150 1.60
© 1.0l 488 {(10.2) 1.50(R)1.50(L) |.63(L}
8 540320 (870 1.50(R) 1.50{L) 1.63(L)

Figure 59. - Lateral-Directional Characteristics of the High Wing

M%delowifh Symmetri% and Asymmetric Blowing,
30°/07 J/H Flap, 10° Open Deflector,
Tail On

929



0oL

5 PR THRUST SPLIT %
RUN SYM C. N/MT (PSP NAC KNEE T.E. NAC KNEE L.E. CONF!GURAT]ON
m § 0 w2 HL 1L 10 0 I N UM H
27 & 0.52 958 (20.0) LEWRILSHLHIESLB 5 15
E i 228 @ b.02 479 (30,0} 1.50(R)1.49(L) 1.84(0) ] . l
= 26 A LS4 318 (6.7) LEIRI.4HLHE.8S(L

Figure 60. -  Llongitudinal Characteristics of the High Wing Mo&el
with the left Engine und ihe Right BLC

Systems Inoperative, 22°/0° J/H Flap, i0°
Open Deflector, Tail On



i o PR THRUST SHLIT %
: I BN SYm O vy (PSF) NAC KNEE T.E. NAC KNEE T.E.  CONFIGURATION

) P
¢ 0 w2 @HIO 18 10 0 o o s'WIPPN

6 0.52 938 {2.0) 1.51M 1.AKLLes(UED 5 15
G F02 &% (10.0) 1.50(R)1.4%(L) 1.641) I I l
& 1.5 26 (.77 151K EARU 165D

Ry H

Figure 61. -  Effect of Angle-of-Attack on Lateral-Directional
Characteristics of the High Wing Model
“with the Left Engine and Right BLC Systems
Inoperative, 22°/0° J/H Flap, 10° Open
Deflector, Tail On

101



P.R.

RUN  5¥M CT N/M (PSF) MNAL  KMEE T.E.

221 d 0 ¥72

228 @ 0.5 958
224 g 1.0z 47¢
225 A 1.55 Jls

20.3)

(20.0)
(0.0
(6.8)

1.0 1.0 1.0

1.51(R) 1.4%(L)1.65(L) 80

T.50(R) 1. 49(L} | . 64(L)
T.51(RY 1.48(L} | .65(L}

THRUST SPLIT %
NAC  KMEE T.E, COMFIGURATION

i}

I

12 33F3‘

1
0 o SN35220 il 0

5 15

1

i HHIHHAEH S

Figure 62. -

Lateral-Directional Characteristics of the High Wing
Model with the Left Engine cnd the Right
BLC Systems Inoperative, 22 °/0° J/H Flap,
10° Open Deflector, Tail On

102



€0l

24
NAMS (PSR

972

77
488
325
445

(20.3) )2

{20.4)
(10.2)

6.8 1

(#.3)

.52
1.53
1.51
.50

1.52
1.52
1.52
.21

THRUST SPLIT o
NAC  KNEE T.E. CONFIGURATION

2123334 4
o s Nssfgurirsum

Figure 43. -

Longitudinal Characteristics of the High Wing Model,

60°/+15° J/H Flap, 10° Open Deflector,

Tail Off



¥0lL

T
a 977

1.02 977
2.06 488
3.08 326
2.05 450

=

P.R. THRUST SPLIT %

q 2!
c N/MZ {PSF) H KMNEE T.E. MNAC  KMEE T.E. CONFGURATION

et Him 2 123334 4
(20.4) 0 1D 1 4 0 0 SNz Vg

(20.4) 2

(10.2)
6.6 Flbs
9.4 B

Figure 64, - Longirudingl Chgracf'erisﬁcs of the High Wing Model,
60°/-15" J/H Flap, 10° Open Deflector,
Tail Off



601

79 P.R. - THRUST SPLIT %
RUN  Sym CT MN/M® (PSF) NAC KNEE TE. MNAC  KMEE T.E, COMFIGURATION

2 k233 4 4
42 © 2.0% 49 {10.0) 1.49 1,53 1.8 &0 5 15 SN:!SFbO ‘o

M1 @ 207 488 (10.2) 1.4 1.53 1.52 78 4 1B ff?s

118 2.06 488 (19.2) 1.50

128 G 2.04 480 (10.2} 1.50

129 ¥ 2.05 484 (10.1) 1.50

Figure 65. -  Longitudinal Chqracferlshcs of the High Wing
Model, 60° J/H Flap with Symmetric
DeFlec’rlons oF the Aft Control Flap from
+30° 1o -30 10° Open Deflector,
Tail Off



201

q :Z P.R.
RUN SYM C. N/m° (rsF) NAC  KNEE
74T @ 0 0w @nE 19 1.0
N 73 @ 0.9 w0 (21,03 1.5 1.5
i A 198 503 (1.5 151 .5
¢ 290 35 (7.0 151 154
it i

Figure 66. -  Longitudinal Characfergstics of the High Wing
Model, 30°/15° J/H Flap, Open
Deflector, Tail Off

T.E.

1.0

1.52
1.33
1.53

THRUST SPLIT %
NAC  KNEE T.E, CONFIGURATION

2,,12 4 4
0 0 0 $ NEnggfflﬁum
76 7 17

b




q
RUN SYM C. N/M (B NAC

183

182
178
181

LTSS 148 mpps Anna S} Crwgy Seers so Rt aEEry S S ST g s makns

o
]
A
L

201

Figure 47. «

Longi tudinal Chur%dferisgics of the High Wing
Model, 30°/-15" J/H Flap, 0~ Open
Deflector, Tail Off

THRUST SPLIT %

CONHGURATIDN




801

THRUST SPLIT %

i q
e i RUN  SYM C. N/M2 (PSF} NAC  KMNEE T.E.  CONFIGURATION
i 12 33 34
i i i ; 127 g 0 97 (204 0 0 0 ”fzgf?m 0
i T ; -15R
1 2 #1538 S s Leg
i S 126 @ 1.03 977 (0.4 Falzr.49 154 15 78 4 18
o a 2044 o EE e 12 L ! i

124§ 3.07 326 (6.8) Fi

4 e ) e ]

L
71.50 1.5t 1.51

|
IRGER AR

Figure 68. -  Longitudinal Characterﬂshcs of the High Wing
Model 60° J/H Flap with +15 Left and
-15° R|ghf Aft Flap Deflection, 10° Open
Deflector, Tail Off



BN

w

q
N (PSH NAC

PR, THRUST SPLIT L 3

sYM €, KMEE T.E. NAC KNEE T.E. CONFIGURATION

D0 W7 (0410 1.0 319 O oo sPaposd ul
: -1%

O 1GIWT (M Tas 154 181 B 41

A 204 488 [(10.2) V4% 1.2 1.5 1 j

8 17 6 B8 1% ]

Figure 69.

Effect of Angle-of-Attack on Lateral-Directional

Chqrqcfenshcs of the H:gh Wing Mode!
60° J/H Flap with +15° Left cmd -15°
Right Aft Flap Deflection, 10° Open

Deflector,

Tail Off
109



011

P.R. THRUST SPUIT %

q
RUN SYM Cp M (PsE) NAC KNEE T.E. MNAC KNEE T.E. CONFIGURATION
, : 12
@ 0 97 (0.2 10 10 Lo 0 o 0 uﬁ‘zm“
-a0R

1.49 1.34 120 80 4 14
1.49 1,52 140

147 151 140

1.50 1.5 1.1

1.506R) 1.51(L) 1.43(L)

W@ .02 %7 (0.0
133 A 2.06 484 (10.0) ]
13 & 307 31 8.7
131 A 205 493 (10.9)
134 g 102 49 (0.4 7

Figure 70. - longitudinal Chorccferlshcs of the ngh Wing
Model, 60 J/H Flap with +30° Left
and -30° Right Aft Flap Deflection,
10° Open Deflector, Tail Off



RUN  5YM C‘.

a 0

o 102
&, 7.08
6 2.0
& 2.03
v 1.02

29
N/M*® (PSF}  NAC
W (20. 1.0

N7 (20.9) 1.49
{18, 1} 1.4¢
%7 L4
{10.3) 1.50

F.R.

1.0

1.54
.52
1.5
1.5

THRUST SPLIT %

KMEE T.E. NAC  KNEE T.E, connc.uun.'nou

10 9 0 o AU

35 o ¢30I.
on ¢

Lo & N
1.4
1.40
.81

{10.4) 1,30() 1. 51{L) ).4HL)

Figure 71.

-  Effect of Angel-of-Attack on Lateral-Directional
Charocferlshcs of the ngh Wing Model
60° J/H Flap with +30° Left and -30°
Right Aft Flap Deflection, 10° Open
Deflector, Tail Off

111




2l

: 7 B ] T . N 4 T
. L] [ E R ; RUM
| T | =T N R
SR - ‘ s - < . -~ _.. . e Tt -
1T - l_.i . ] ORI ;
: A P . : : V77

L S A

T

P.R.

s|411|,

DRI BN 23 s B BT Son Jor o |
THRUST SPLIT %

5YM CT N/M (PSF] MAC KMNEE TE, ——— NAC KMEE T.E. COMNFIGURATION

e 0 101¢

g 1.01 1019
2.06 498
3.05 335

2 e

1.1 1.:
{10.4) 1,50
7.0 1.5

T.0

1.55
1.53
1.53

o o I}

WA
-15R

B

Figure 72.

Longlrudlncll Characteristics of ’rhe High Wlng Model,
30° J/H Flap with +15° Left and =15° Right
Aft Flap Deflection, 10° Open Deflector,
Tail Off



2% P.R. THRUST SPLIT %
MNAMS (PSF) NAC KNEE T.E. NAC  KMNEE T.E. conncuunon

U SYM C

T
78 o 0 010 .1 e e e [ ;:l’;f::“ Ui
’ =15k

177 1.0 010 (1.1 LS L35 1.3
ws 2.06 498 0.4 LSO 1.8 1.8 l
Ve 3086 M8 C.0 LI L8 LR

Figure 73- -~  Effect of Angle-of-Attack on Lateral-Directiona)
Chqracfensflcs of the ngh Wing Model
30° J/H Flap with +15° Left cnd ~15°
Right Aft Flap Deflection,, 10° Open
Deflector, Tail Off

113



7lL

it 29 PR THRUST SPLIT %
: RUN SYM Cy  N/MT(PSF) NAC KNEE T.E. NAC  KNEE T.E. CONFIGURATION

122 e 0 %7 (X4 1.0 1.0 19 0D a o ;grzgri‘]‘skum

i 158
W@ 0.5 1010 (2.1 1.49R) 1510 .59 77 4 it
135 & .02 498 (0.4 l.49(R)I.5D[L}l.5S(L)L l 1
.00 1.4P(R}1.45(L) 1.58(L)
S Py spinn
=fE 5

R Ei4EE

Figure 74. - Longltuqul Characteristics of the High Wing
Model with the Left Engine cnd the Right
BLC Systems Inoperative 60° J/H Flap
with +15° Lefr and ~15 Right Aft Flap
Deflection, 10° Open Deflector, Tail Off



£ 4
L
14

BUN SYM C,
7

e 7

0.5 1010

LO? 498
1.5 235

2. FR.
T N/ME (P5F) NAC KNEE T.E. NAC

THRUST SPLIT % '
CONFIGURA'HON

KMEE T.£.
12
w010 10 1.0 -0 ¢ o sINIOH ul
_ s

CL0) 1.4908) 1.31{L) 1.9 77 4 ”®
(10.4) 1.4%(R) 1.50(1} 1.,58(L) l
7.0} 1.4NR) F.4ML) 1.38(L)

AR i e B

LTS N RCT T 4
T 1

z
§ PLEKI TREE3 &
T

L R 'E‘J'i.}:i:ﬁ:i:.?r‘%:‘::::: HEE

Figure 75. -

EfFect of Angle-of-Attack on Lateral-Directional
Characteristics of the High Wing Model

with the Left Engine cmd the Right BLC
Systems Inoperative, 60° J/H Elap with

+15° Left and -15 Right Aft Flap
Deflection, 10° Open Deflector,

115

Tail OFf



9Lt

ul P.R. THRUST SPLIT %

RUM  SYM CT NS (PSF WNAC  KMEE T,.E, MAC KHEE T.E. . COMNFIGURATION
=T . 2,1 p
6 0 00 @ 16 10 o o o snu"’rgfﬂﬂum

R

0.50 1005 (210} L5OR)).SHL VSN 0 & W7
1.00 503 (0.5) ).5WR) 1.5:[m.51¢ul 1 I
.50 335 (7.0 1.50(R}1.50(L) 1.50(L)

Figure 76. -  Longitudinal. Characteristics of the High Wing

' : Model with the Left Englne and the Right
BLC Systems Inoperahve, 30° J/H Flop with
+15 Left and -15° Right Aft Flap Deflection,
10° Open Deflector, Tail Off



T HTEFFE
]
v..%h
. I e e
. - e
= ' -
. i i
| IARENNE RN
I j i ! ! :
i R o i RO e = Lo
< gy : = = e
a3 i ] L I = T ——J'P‘L ]
- | —— - T e e Sl e e B
EENESNENEN RN
1 : T IR ] I \ i
A £.8, THRUST SPLIT %
RUN. SYM Gy N/MC (FSF) NAC KNEE TE. NAC KNEE T.E. . CONFIGUEATION
:
2l mE§ 0 W0 {21} 06 10 10 0 o o NGt
- K nrey
= 187 © B.50 1005 (20.0) 1.50(R) .55 & 7
- 5 @ k0D 508 (0.5) |.suu11.sm.n.s|(u.t l
186 A 150 333 700 1.50(R)1.5HLY1.50(L)
L . { | I . 1
; |
i :
I ]
i .
ERE -
! j
P HER i
Lt S e o R D B e N A .
SR
NEEE NN NS IR
el 4 | i
TR
_{. cede ot
T Y NI
Lk | |
L i 1 R
; [ T L

Figure 77. -  Effect of Angle-of-Attack on Lateral-Directional
Characteristics of the High Wing Model with
the Left Engme and the Right BLC Systems
Inoperc‘rlove, 30° J/H Flap with +15 Left
and -15" Right Aft Flap Deflection, 10°
Open Deflector, Tail Off

117



8il

49 PR THRUST SPLIT %
i RUN  5YM €, tN/MS (PSF) NAC KMNEE T.E. NAC  KMNEE T.E. CONFIGURATION
i Ny:
i 28 420333 (82 152 10 L0 M [ 0 ssﬁf‘g‘u
1 o 2053 GO 1.4 1.0 o l 1 r‘:":5
33 @ 2.0538 (B.O) 1.4% 1.0 1D r'_‘:s
I B -2.10 402 (B4 1.52 154 10 %5 5 b it
B v 207 402 (8.4 148 154 1.0 l I I el
8.4

1.49 1,54 1.0

E,
Yo

Figure 78

Longitudinal Characteristics of the High Wing Model
Wll‘h Selected Blowmg, 60° J/H Flap 6°,
+15 and -15° Symmetric Aft Flap DeFIec’ruon,
10° Open Deflector, Toil Off




6L1

Pt b2 FA

24 PR, THRUST SPLIT %
MN/M® (PSF) = KNEE T.E. MNAC  KMEE T.E. CONFIGURATION
' 1,,12,33.34 4

0 o "My Ui s

@4 (9.3 . 1.0 1.0

9.3k 81

9.7 i 5o L
6.5

L

Longltudmol Characterlshcs of the High Wing Model,
0°/0° /M Flap, -5° Horizontal Stabilizer

Incudence, 10° Open Deflector

Figure 79. -



0Zi

E )

' THRUST SPLIT Fo i
T NAC KNEE T.E. CONFIGURATION

12,33, l
s’ Voo

i) S'N

1 123334 4 2
5 “35600"'10*55

Figure 80. - Longltudmal Chcracterlshcs of the ngh Wing Model,
60 /0 J/H Flap, +5° cg\d +10° Horizontal
Stabilizer Incidence, 100 Open Deflector



1Zl

?.R. THRUST SPLIT %

5

[ RUN  SYM €. N/MZ(PSF NAC KNEE T.E. NAC KNEE T.E.  CONFIGURATION
2, 12,3334 4
158 & 2.04484 (10.1) 1.50 1.5 1.63 8 6 e sSPNIZ Y

1,,12,33.34 4 2

% O 2.07 484 (0.1) 1.50 1.50 .62 s'N It e

209 A 2.06 484 (10.1) 151 1.51 1.8 ‘ o

202 B 2.06 44 (0.1} 150 1.5 1.41 Hfs

e
HET P

Figure 81. =  Longitudinal Characteristics of the High Wing Model,
30°/0° J/H Flap, -5°, 0°, and +10
Horizontal Stabilizer Incidence, 10° Open
Deflector



A4

27 PR, THRUST SPLIT %
RUN SYM €, N/M° (SR NAC KNEE T.E. NAC KNEE T.E.  CONFIGURATION
4 o 0 wr 203 1.6 1.0 1.0 4 0o 0 s'N;;f;;f'g‘u‘:OHfs
N3 B L03 w2 {20.3) 1.51 151 163 B0 5 15
M A 2.06 484 (10.1) 1.52 150 1.64 l J

¢ 3.0 30 (6.7 1.51 1.50 1.63

Figure 82. -  Longitudinal Characteristics %F the High Wing Model,
220/00 J/H FLop, =5 Horizontal Stabilizer
Incidence, 107 Open Deflector



(A

29 P.R. THRUST SPLIT %
RUN  SYM C; N/M' (PSP NAC KNEE T.E. NAC KNEE T.E.  CONFIGURATION

12
2 @ 0 w7 (0210 1.0 1.0 0 e o snﬁﬁtg“um 20

209 O 1.03 %67 (20.2) 1.50+ 1.50 1.63 B0 5 15
07 B 2.07 484 {10.1) 1.51 1.50 1.43 l
¢ 3.08 31 (6.7 1.50 1.49 1.63

]

g

-1
Sy
-.i.m

pafasit

it B
$ IHn 1

Figure 83, - Longltudlna] Charucterlshcs oF the High Wing Model,
22°/0° 4/H Flap, +10° Horizontal Stubthzer
Incidence, 10° Open Deflector



¥l

RUN

141

140

138

F39

e 0 78 (19.8) 1.0 1.0

o '.n4 948 {19.8) 1.50 .54
& 2.08 474 (9.9 1.50 .49
& 3.1 316 (6.6 1.50 1.53

THRUST SPLIT %

q
sYM Co /2 {PSF} MNAC KNEE T.E. NAC KMEE T.E. COMFAIGURATION

1232
1.0 o a0 3srmrg“a.lw o

FOOTLIET
zifies i

Figure 84.

Longlfudlnql Characi'enshcé oF fhe ngh Wing Model,
60°/0° J/H Flap, 10° Full Flop Span Solid

Spoiler,

10° Open Deflector,

Tail Off




gCl

PR, THRUST SPLIT %
KNEE T.E. MAC KMEE T.£, CONFIGURATION

G
T RUN Sy Cp N (RSR) :

2,12,33.34 4 4
.49 1.6l 4
1 82 4 5 NBS'&(}FU U!DSIO

i 4
) I. 181 |
50 1.55 - a0
500 155 181 | ey

(9.9){

.50 .55 1.61 SA

.53 .63

.52 .63

.53 53

Figure 85. - Longi’rudingl oChqrccrerIsﬁcs of the High Wing é\/\ode[,
60°/0" J/H Flap, Various Spoilers, 10" Open
Deflector, Tail Off



74|

59 P.R. THRUST SPLIT %
RUN  SYM Cp  N/MT PSP NAC KNEE T.E. MNAT  KNEE TE. CONFIGURATION

12 334 4 5A
143 O 2.08 474 {®.9) ).50 V.55 1.61 B2 4 14 35'200 1020

N A M5 A 2.09 474 (9.9 1.50 1.53 1.43 36

"“‘ 8 e

N A
147 @ 2,10 4% (9.8 1.50 1.54 1.43 55R

I A U6 D 2.10 49 (9.8) 1.50 1.53 1.3 SR

; ‘20
W SR Y. |
ST

b

)

L
: S = I A
[0 S SV TN SN RSN

SR

1
i :
SN S S,

' L] .
b e B i e e . F P A -
S I R .
4 _ e - - N - S
i i
Te] A | 1
- @ It» F2-] -l th Lgs p > b I, —zﬁo %

i o e, - 4G (PO |

Figure 86. - Longlrud:nal Charactertshcs of the High Wing Model,
60°/0° J/H Flap, Part Span Symmetric and
Asymmetric 20° Spoiler Comparison, 10° Open
Reflector, Tail Off



N/ME

4467

449

459

q
(PSF) NAC

(9.8} 1.50

(%.8) 1.50
9.8) 1.50

P.R.

THRUST SPLIT T

KNEE T.E. MAC KNEE T.E.  COMFIGURATION
12,3334 4 56R

153 1.43 @ 4 “ o 3srgc'fo o
SAR

154 1.43 l J 1 50
s

1.58 1.63 o

=i
s
|

[
e en

Figure 87- -

Effect of Angle-of-Attack on Lateral~Directional
Chqracferlshcs of the High Wing Model,
60°/0° 1/H Flap, Part Spun Asymmetrlc 20°

Spoiler Comparison,
Off

127

10° Open Deflector, Tail



8Z1

q
RUN  SYM C.  N/ME (PSP) NAC

P.R. THRUST SPLIT %

. KNEE T.E. NAC KNEE T.E.  CONFIGURATION
. w1233

I @ 206 B9 LR 18 e B 4 14 asf:gfn‘uwam

50 @ 213 474 (9.9 1.50 153" 1.63 1 1 l s:g

152 A 2.07 474 (5.9 1.50 1.53 1.63 . ey

A

Figure 88. |

Longl'rudmal Chqrqc’renshcs of the ngh Wing Model,

60°/0° J/H Flup, Part Span 20° Porous

Spoilers, 10° Open Deflector,

Tail Off




621

F.R. THRUST SPLIT %
C N/M (PSF} NAC KNEE TE. MNAC KHNEE T.E. CONFIGURATION

S|
B
I ; i —— L 44
s ; 1 D B (9B 1.0 1.0 1.0 0 6 o SNy Uit
L1 103 4B (19.8) 1.50 154 163 7P 4 4
| 2.08 49 (9.8) 1.50 1.52 1.43 I l
3.03 31 67 150 1,52 1.43
SRR NN
JRETU FOUNE T UV Joroeo g PO PR I ——]
i n H N H ] LR M
C N 1 N N 1
ST ! v 7
AT,A,, ;. i SHEH Y & R
: g ——sf -t
!7 . ‘ 1 b
: : L T
. f{ 1 i
I j [ 4 :
1L ey ; i e B
: = g ot b - =
IS FRO S 0 O 4 [ | g
H ! : ) H i .
; t i ! : : e
,! - € ............. — : ...A..T..-
; h | LT
; , E
Jjedin Y i_ hededo ) Ll
! -
:l
L el o g i L
i ‘
! e - i
: i 4. [
: | I 1 i -
e = e TR e i
% i ! ; i
- N A ; L
; . i A
! ' : o
- -- S i e B

- -Zo “za

e

0

Figure 89. - LOthl'Udlndl Chqrocferlshcs of the ngh Wing Model,

30 /0 J/H Flap, Full Span 10° Solid Spoilers
10° Open Deflector, Tail Off



(19

29 PR, THRUST SPLIT %
SYM €, N/WME (PSP MAC KMNEE T.E. NAC  KNEE T.E. CONFIGURATION

A 207 4% (100 151 153 1.65 B & 14 N s Ta
0 207 4% (9.8 1.50 .1.52 1.63 sgg
B 2.08 49 (9.8) 1.50 1.52 1.63 : : -sgg

[ T3 [ Ex 212 S T TR L

Figure 90. - Longltudmal Chcracrerlshcs of the High Wing Model,
30 /0 J/H Flap, Symmefrlc Selid Full and

Part Span 20° Spoilers, 10° Open Deflector,
Tail Off



@

o

o]

K.NEE T.E.

1.63

1.64

CONFIGURATION

N Vo

éifiifé‘uw 2
’30
2

€L

Longntudmal Charactenshcs of the High Wing Model,
30 /0 J/H Flap, Symmetrlc Solid Spoilers,
10° Open Deflector,




Zel

e

Figure 92. -

29 P.R.
4 RUN. SYM € N’ (PSP NAC KMEE T.E.
b 7 o 208503 (0.5 1.5 1.52 1.6
i = 42 A 2.00 479 (10.0) 1.49 133 1.68
885a15d SR L by,
i 3 48 o 2.08 411 (BB 1,51 1.5 1.6
5 O 2.08 455 {9.5) 1.50 1.53 1.43
54 v 2.08 455 (9.5) 1.49 1.54 1.62
T _""‘ B
e S : it
SLE ] :g:
ik H HH
z LS

THRUST SFPLIT

MAC
80

|
%

78

KHEE T.E.
5 15
& L]
-] 16

Longitudingl c)Clwrcnch—zrisﬁc:s of the High Wing Model,
60°/0° J/H Flap, Variations in Nacelle Open
Deflectors and Chordwise Exit Locations, Tail

Off

CONFIGURATION

2, 12,3334 4
5 N3sfano Yo

4

Yo

N

Yo

2, 12,3334, 4

S Mygfegs Yio
12

Msp




eel

RUN

52

51

g 49

50

29 P.R, THRUST SPLIY %
SYM CT HN/M™ (PSP NAC KNEE T.E. NAL KMNEE T.E. CONFIGURATION

: 203 4
o (19.0) 1.0 1.0 1.0 20%‘3

.03 (19,0) 1.50 1.53
2.08 (9.5) 1.50 1.53
6.4 1.50 .31

Figure 93. - Longl'rudmcl Charactertshcs of the High Wing Model,

60°/0° J/H Flop, 10° Open DeFIecror, Nozzle
Exit ot 20% Chord, Tail Off



vel

L
£
i

EHl

Figure 94, -

BBs
455
302

P.R.
MNAC  KMNEE T.E.

1.4 1.53 .42
1.49  1.54¢ .82
1.4 1.51 1,42

THRUST SPLIT

NAC
Q

78

KNEE T.E.
3] o
& 16

B st

%o
CONFIGURATION

2,,12,33,34 4

[t )

S0 600 10

Exit at 50% Chord, Tail Off

Longitudingl gharocferisﬁcs %f the High Wing Model,
60°/0° J/H Flap, 10° Open Deflector, Nozzle



Gel

THRUST SPLIT %
MAC  KMEE T.E.

P.R.
KNEE T.E.

CONFIGURATION

2123334y

"5600

Figure 95

Longlrudlnal Chqructerlshcs of the High Wing Model,
60°/0° J/H Flap, 10° Closed Deflector, Nozzle
Exit at 35% Chord, Tail Off




9t

29 P.R, THRUST SPLIT %
RUN  5YM CT N/M® (PSF) MAC KMWEE T.E. MNAC  KMEE T.E. ACONFIGURATIDN
254 A T4 4dd (2 156 1.5 1.8 79 3 té ;2fnful.‘
5600
59 o 2.03 431 (9.0) 1,55 1.5 140 l l l 615
260 O 2.00 440 (9.2} 1.56 152 147 f?:i

i - : Pt i
i ER s G e : : b i BEE
- =
mEs Sl % -
e

‘Figure 9. - Longlfudmul Characteristics of the High Wing Model,

60° J/H Flap with Symmetric Deflection of the
Aft Flap from +15° to -15°, 10° Closed
Deflector, Tail OFff



LEL

» p.k. THRUST SPLIT =%

SN SYM C, NMD (PSP NAC KNEE T.E. NAC KNEE T.E.  CONFIGURATION
12,33

%2 @ 202350 (7.3 1.7 1.0 1.0 ¢ o 35fwrg‘u

3 W 1.9 240 {52 138 1.0 1D ‘ 1 l

263 ¢ 195 72 (.8 1.2 1.0 1.0

%4 A 202 % (7.7) 157 18 1.0 95 5 0
12,33

61 o 2.04 421 (8.8 1.5 1.5 1.48 82 4 14 sPNL IS0 2

aprs

Figure 97. - Longlfuqul Chcmcterlsncs of the High Wing Model
60°/0° J/H Flcp, Selected Spoiler and Blowmg
Variations, 10° Closed Deflector, Tail Off



8El

Figure 98. -

RUM

28
o4
28

%

e

T

T
e

e

Longi udinal gharqcferﬁsi*i'cs of the High Wing Model,
60°/0° J/H Flap, Pressure Ratio Effects with
Nacelle Blowing Only, 10 Open Deflector,

Tail Off

< B A
5%8

o
(PSF)

(3.5)

(6.5}
(8.2
.1}

COMFIGURATION

{3 gease t=ry]




651

e &

1

RUM

a

0

n

N

3z

3

SYM

+ hbp O 4

.10
2.06
2.07
2.02
2.05

N2

340

402
444
168
MO
a5

q
[PSF}

7.1
8.4
®.7)
(3.5
7.1
7.0

NAC
1.39

1.52
1.8
1.19
1.40
1.40

HE:

P.R,
KNEE

1.59

1.54
1.59
.2
.21
.

1.¢
1.0
1.0
1.0
1.9

THRUST SPLIT

HAC KMNEE T.E.

1 9 v}
?3 9

o3 7

9% 5

7 3,
i

COMNFIGURATION

2, 12,3334 4
$"MNasfnfa Yio

Figure 99.

Longlrudmol Churocrenshcs of the High Wing Model,

60 /0 J/H Flap, Pressure Ratio EFfecrs with
Nacelle and Knee Blowing Only, 10° Open
Deflector, Tail Off



orl

RUN  5YM

kid

40
£
41
41

q <o p O

C
2.07 A4

2.05 498
2.00 201
2.01 479

2.06 445 .

29
)

H+-j

Figure 100.

P.R.
KMNEE

1.0

1.0
1.0
1.4
1.0

T.E.

1.68
r.22
1.70
1.48

Longttudmal Chcrac’rerlshcs of the High Wing Model,
60°/0° J/H Flop, Pressure Ratio Effects WI th
Nacelle and Aft Flap Blowing Only, 10°
Open Deflector, Tail Off

CONFIGURATION




L7l

f i st g

Bt HEN
P P.R. THRUST SPLIT %
RUN  S¥M Cf N/M PSPy NAC  KNEE T.E.  NAC KMEE T.E. CONFIGURATION

4 4
4 @ 20877 (37 107 123 1.2 B0 5 15 'gr‘lgfg

46 © 209 412 (8.6 1.42 1.48 1.33 ‘

T RNl et T

Figure 101. - Long:fudmul Charccrenshcs of the High ng Model,
60 /0 J/H Flap, Pressure Ratio Effect wuth
Nacelle, Knee, and Aft Flap Blowing, 10°
Open Deflector, Tail Off



it

SEimp

THRUST . 5PLIT

NAC

-P.R,

%
E,

KMEE T,

{PSF) MAC KMEE T.E.

29
RUN  5YM C, N/ME,

CONFIGURATION

U‘

"35':: [

.89

7

1.2 %0

.23

1.39

2.06 4 (7.6)

a
&

ko]

10

15
9

142 L4 1.5 8D

1.3

8.6

2.09 412

1.4¢ 75

(8.4) 1.53

2.08 412

58

fts KRiais

JpIENgL: i)

EEIRERE

Q

Between Nacelle and BLC Systems Effects, 10

60°/0° J/H Flap, Pressure Ratio Differential
Open Deflector, Tail Off

itudinal Characteristics of the High Wing Model,

Long

Figure 102. -



RS PG SR
T T
. i

IR
[
JERES
e

]

v

sl

-
SSPRa

i1 ea]
{3+1]

HE S *p

Sng
il
THJ

2
)
o=
£
!
L=
oZ
=
9 o
62
L9
S T
[ .
F./I;.f
900
Eo>
=
= 2
o
c_~
5o
2
0 0
> =
<
< 2
- =
)
35
L
.
B
v
|
o
o
®
t .
put }
2
i

Exit Configuration and Location Effects

143



o
b

T
-,..E

e
4 =

P

-

Py

4

[ aReRe

+}

H o+ dic e
P S RODE-& I

P S &

e badds b i
1]

cadaa g

Ire

¥

Nug

bt overt fovbden

et s

b
i 4

4

ey

b
b

3
SN
byre

t
e

=3I E
il n L

L
o

§is

-
H 4

{+r e
-y
4t

bvae o]

i

e - {-

ng Efficiency of the Low
Coanda Flap, Nacelle
d location Effects

urni
O

Wing Model, 58°/0

Exit Conf

ion an

'.

igura

Static Jet Angle and T

Figure 104, -

144



MY SORES SO M)

tion

g o
5 O
[ XTH
&
T
S
oS
.......00
S
29
[H]
O —
x
Z73
- =
=
G o
=
U=
£ 3
38
c @
o=
=
[o B =
lmo
>
e
[y
]
wy
O

Figure

Tail Off

45

1



E .

'i}LIL-"-_

4

i

T
guapanfs i
AR
i

T

p—
k!

11

i

rt

EREE SSERE

n o
o
L5
— e
WF
>3
= c
c O
6 0
)
=0
0.,
_.mo//
o3
Ju -
° 3
Z%
- 2
5 o
oT.m
U=
< Z
o
WL
ne
o=
...mn
'HIQIO
-
t—
T
|
]
O
S
aQ
i
s |
2
.

il Off

Ta

1446



Figure 107. - - Lift Variation with C_ and FlupoC:Snfigurcrion on
the Low Wing Model, 07 Open Deflector,
Tail Off

147



ok 31l
Tt T -
Lo S i
m_:s N 4
[ - B
“. . : lea his]

L
; A iH
- . i
1 it
, ] 3!
. I

1

|

b

B

AU SIISSRSSS &

+
<I|..$;11¢¢41
3 T

i

.- i
| 1
| o
oo 3
' t
.

'
H
'

SRS IS

»

frosm s e

ie on

J/H and Coanda Flaps,

Lift Variation with Aft Flap Upper Surface Ang

Figure 108. -

the Low Wing Model,’

0° Open Deflector, Tail Off

148



Pl SR SO S S

R IS S

Drag Varia

1oh on
’

H

Configura
Open Deflector

Qé’

ith C. and Fla
IAod_eI,

tion w

the Low Wing
il Off

Ta

109

Figure

149



_— bl R aas et Bant e
i R A
EROUACUEY UNUESSURNE SRR DS AU

C P

"‘.;':';‘."** *"“L*J :.

JE DU KO S S

FRASE S Y
ppogs Mz eunhe
+ t+

and Flap
ing Model,

W

tion on the Low
Open Deflector, Tail Off

Configura

Pitching Moment Variaiion with
o°

-

Figure 110,

150



—t

MR

1l L

- .‘-r u) ++a—--}¢-4~,

Y SR

H SE TSN SN

N N

[+t

f

1

I
1+

:
Ndns

il

B )

+

g SN

44

O et e

RS MERFE URE §Y

g

3

.
M R

TeE:

Fioss

MRS

T
-4

P

FRADERR e

NS

IR

bos by

PRSUDERGE i gyl S

[ SN SO

i

MY DRWS sem;

[risy

P

c-

[N s By

é:onfig-
Open

T and Flap
ing Model, 0

ith C

ion w

1af

ifr Vor

Maximum L

Figure 111,

ion on the Low W

urat

Tail Off

Deflector,

151



1

. 41 .fj_....

+

sEEis i

|

t

T
1

H

t444 b}

i
i

e

]

5% 158

el

T
] 13
14 1 H1 14
i
'

1
3

H T

T

1

T
PSR

BEsguE)

Inpuis

ing

Blow
o

g Mode, 60°/0° J/H Fleg,

ious
Open Deflector, Tail Off

1 and Var
on the Low Win

00

ith C

ion w

iat

Lift Var

Figure 112, =

152



]

P . . -

+

e
9
+
T
I

-

114

i}

§i

PEPS NN
Wt

I
Haed

e
P Ed

Tail Off

gHicH
.

.'J_’ '.I

i
fhy
++
e
by
1

ing Model,

Open Deflector,

Effectiveness on the Low W
J/H Flep, 0°

22°

Aft Flap

]]3- -

Figure

53

1



BB I
[ )

jua)

Y

his,
nt e
1 s s
- FEESE AE] S Shse
= st faked petes
N F- 1y 4] ok
sreyrge T

e

iy

b

;

t
r
+-+
1

i
et

FEe
" = [
e . 14+
L MDA H
- i M H
I : ol K B¢ s
rut
RS EREgE ITes
St s e iieet
- il e A bl i
upes samygeons:
ot T
e R -
1
!
[+
o i S 0
S E N oeE
jast T
PR
o i
e

ing

Open

00

® J/H Flop,

60°/0

il Effectiveness on the Low W
Deflector

Model,

Horizontal Taq

igure 114, -

F

154



S I :
i EH :
i PO [ R N ;
DY e i . e
DRSS NI W )
IS R o SN . B
AR AN I I : : M

Figure 1715, - Horizontal Tail Effec'rlveness on the Low Wing

Model, 22°/0° J/H Flap, 0° Open
: Deflecfcr

155



e el
. - PP S .

B

IR S

{
T 1
+ T I 4 1
+ 1 T v 1
1 1 1881 3 Bpe
I t i8a & 1
= + e b a4 g '
t -
+ t + T
: e M :
| it +H +
+ t oy { T pe
: 1 * "
1 R T ]
t R e AR s Ly
T = e )
Tt 4 +
1 " Y
oy
v t t
ans 14 ; TR I
“ T+ et
1S SS SN LEBRS Fndrwy pa
4 f et =t Y144
v e fer et et
: e S S S '
- -+ : [ SAEN 0 1
: t 4 + :
i : £t faE. R R
} : 1
1
t p"
+
s v
.oy 4
'
+ -
!
++
L
i TTT
ma
: T
-t
-
o
1
184
1D
mj.._..

on the

Flap at 60°/0°,
Open Deflector,

10°

1on

eflect

Q
F

ond Flap
, J/H

ing Mgdgl
, and 22°/0

Y
/0

Lift Variation with C
i
30g

Figure 116, -

Tail Off

156



14

z

|
fa)
W.Z
2~
en
nnl.d
..!Snnuu
E
£ 95"
NS
T, .0
-
Momaﬁ
+% =
0 po]
£ 8
s2Q"
.—I-I
253
(8]
- o
enahU
ﬁuﬂ:&
mHD
|
a.@//n
nlJe
WE r%l
2>
= 2o
L]
.nL.mO
Q —
>
v
pres
—

Figure 117, -

157



. ..f
Sxageres
L
- e T o

ig SR A

4 e

-
MRS S RaE
4¢i.|b\.rr. 1
'
gonsa
[eses .m.,l+
?
poas
|-+ 14
et Sanay

Lift Vqriafioﬁ with C

T
+ 4
Ho
T
18 A
a g
ik
H .
1T
o o
i ym1
- N g s
A by
1t ywl
L
maapensantsauy
hag 1+t
TR
i ai
e 1t
++ T
3 et
T H ;
Bilan Thgan iwna Peman b
HounE 31 Ay tHH
- -
: A -
BAS SRAEDRAGW IAREE
o + {4t
-
' I
: + }
T T
i N {3
s I
; e Bl
Tt s
YT
) e M
B nie At
+ II“rTe-ﬁ H
FRA b
B NS Bl
r 3 aRER
I3 agas saaag none
1t
HIM
t
b 1
Wudua i
Mhea i
it
T
T .
oy
A 1B
} t
199 Tty
st 1t

ing Inputs
J/H

and Selected Blo.gz
ing Model, 60%/0

ggh WT _
Open Deflector, Tail Off

on the H
Flap, 10

o

Figure 118

158



1

!
Ly .
USPA S—

gh
ions,

f the H
lect

g Medel, Various J/H Flap Def
Open Deflector

ic Jet Angle and Turning Efficiency o
Win
10°

Stat

Figure 119. -

159



.
DA G

doirad

I,

}

PR

jodaa

| e+

r

nr.r
.
R
- =
L(H]
ga
[T

en
1]
0 5
aO
Lo
="
H]
Ir/-..
i
206
o=
o
U €
£
3 .c
w.mv
=
=

O
8]
.mm
>
o
[ =,
3

Figure 120, -

Tail Off

160



T
beyd 31T
13 I
T3 - .
e TEH [
RS +
. Fioy 1
- [N GRAas B [t
R SRS bnte W & m
A S ISR g -+
g = % °. s v 1+
I 2 4 4 +
e H :

Hr

PR U O i,

.lvmwl-..r.i

1on on

Open Deflector,

J/H Flap Deflect
10°

and
Model,

ith CT
igh Wing
Tail Off

Drag Variation w
the H

Figure 121, -

1

6

1



"

and J/H Fl
, 10

I

Deflection on the High Wing Model

Open Deflector, Tail Off

Pitching Moment Variation with C

Figure 122, -

162



[
+ot

SRR -.i: A

.
et

-

pasus teags

+ *—; b

TR

I
b

i

B &

*+4
Sud
At

1o

+1

1p De-

S o
Y
H LY
[
/I/..d,
dO
2=
Qgr.l
~E &
CWO
= —
50
z .o
nH ~
6 o g
£ £
o 3]
= c 2
0o 0%
V. 3]
c O
£2
-1 p @
o O
gex O
S5
E
X
=
1
m
&
)
| .
S
ey
|19

163



-
ey
I .
Q
v 0
<0
co
6o
c
Q -
w— o
[TR
T
“®
T
el
™
p L W
Lo O
T
Loz
[»]
[ ~
<5 "
2
£053
wa
v Do
o< 2
554
£
&)
g
by
e

Figure 124, -

164



. “““‘;"z".;_:'l“"‘.'"" ) :"-‘1

igh

T
=
 ©
8
| o
oo
(o)
[
e .
o o
o B
=
AT
S
| o My LTS
20 O
FOO
& 0=
< _~ 2
[11]
£ 1y
=3 o 0
1L -
® o O
D2
i o
230
&)
[o))
[»]
3
fan]
]
el
o

Figure



T ! = P : . ' choi
- 1 P m . ....l.."ﬂ-w.iil.w...l..T!L\f. : S =i o T

‘ P L = : : S 4 L

L —t - — - : - —

: X RN e E I f : R S PSRy
i B EE N A 1 L s 1 Vo . s bhdat
e . 1 N R S S, R RV I s
. ;o ol POy S

PEERE S ”w,.

Y SRS RN Sunpu I8

S
wakhd 2

11

tEy
)

i

B

gh

v
1

n the H

J/H Flap, 10°

Deflector, Tail Off

10N o

Lift Change with Aft Flgp Deflect

Figure 124, -

Open

(o]

Wing Model, 30

166



[ EREE s SEwnn Sy POUTS Ful s

e
Eawaay PME SRREE Py ae SRR SE4
B s R e N i
+ [Rads v RER §REE
e fa R aa ol RS FEN
-y
Ty Sass be
+ ey
I 1ty T
jone ey g
et PSS £
A H PUDY B
Pl PR by
T

[

e

-+ i+
Tt

i
-+
!
8
g
I3
1
i1
-

-

+
41

P aw

i

=

1
. .
I ewrii oo P
' T 1 ann
- + P DN
1+ R H - .-
G
|BOE RN
H ¥ ¢ NS
4 T REN
Hogd ++ H-
i Al
i rrw. L
4+ +
.t - L
ml.il, IERY B
LIl ol
1 T

gy Sae

m +

pin

=+

1

11

++

1

1

4

] o
pug
+oe
b

[ e

igh

on the H

o]

Wing Model, 30~ J/H Flap, 100 Open

Deflector,

ith Aft Féup Deflection
Tail Off

167

Drag Change w

Figure 127. -



Frers

S

vy

DG

red

122333

ANE SR 0

1.
b
e
v

4 1

et

+
+

)

MM

EISIE

ts

3 a
c o
™
o
n,..u;n.,,
z—
£
BOD..__...H
w0 O
5
o _>=
‘- U O
O g b~
= 0
= >
£58
[ 8]
w.mPe
2= %
gcn
2.2
..WHW.
Q
0 20
fr
)
co
o ©~—
o
w
L)
[ S
<
[
ey
™~
—
»
=
B
|11

168



taterol-Directional Characteristics of the
169

High Wing Model, 60° J/H Flap, 10°

Effect of Asymmetric Aft Flap Deflection on
Open Deflector, Tail Off

M - ) b 1 -
S ST IR e i
T L ik H el % L : T T
S 0SS SEETE & +1 ﬁ | ﬁ L 1 ,' il o ~f+. T I
- H 4 R el Stk £ 1 1 y
L H R e
r o Eipun Fagen suSSS SSES Susy SRRy yARER QRS
HHH+H H inW 1& o taas .j.ﬂ T
Wi angdusnal jadas T waas
+ SESENUNaY Saang RuAYS ga3sp3eas,
eom fE33R3Ea2Na02 002208022 AR Ra s aEE ESRANCRRRE
BRES EPED 1 NEWEY A YNS AR FETR Bl
H +HH 1 AREERIRES dieatd SSSESEDEEE SRAISA:
H-HH (LI 4.3 44 NN N H- ul - ki g IS
ik HHH e TR T T e e s e
1 - LIS L NREEE SENRANRELY SRNRG RN
! I T " HEESENNS RASLY IAHES pRADE M
! Hit H SR e 244,
15 - 1 H T by
T ] SRR SLATIRIAANS ‘_.us B 1SS AR Lo
HEEHH- i t _..w. LT IREd SnBud Snses Tﬁ. -
T T T ST RN Tl ] T
: | BiRiEERs s cRLRCiRE i aRcte i Rt HIHIRE R
e agpysdins H = 1 15 o L ) ﬂ, TR T ELRLERLL e o
T ] T 3 L - L H Lt SN MM S i
I Tl I s 1ot r EREERES ¢ 1 rETICE L '*:
i ; o i NRRSE U RSy DN T Iy S su RS SENEN SN
T T t .% uenm I Leggete. | -+ - #. SEREITI Laoet
M 11 M o T oA Tt g 1 1 S I;H
H . g FeE R SRS M RaN ) R I P g 8
EnEnr~aE T o Tt L E e T 81, s g ﬁ.m. TL,-W.T
i N T il t 5 = A T [RRE | Inad Sow:
-+ . - . s e ey
] i Sasad iamsnans, T : 3853; Jagguians
1x " + [t RSN SERRERSREL SRS -+
1] o 1 N . AEJANEgRRny SREN m .
] i 41 Baus SRERRSa=dRRAS] -HHH-T-:
1 N n .| T
EENEE R =i taEan i Ranaul RERE > VI
T Rl + { - ISy iy —
hhla“ i i ~_ \.IM.HHE
St 58 iz HaEn: Sasi k
[
1
71
i k .
111+
J ] i |
! Rits TR
i 411 - Il 1—1
. 1 “
T T [ |
(11 14444 i g, - ﬁ, T ForE v
‘ g T i :
R _ IS i, | il
] OOUTRE : T
T ; [edldin. rt ; b
i 3] 345s y i i
avE, asa, g r o 1 ! i
t ! :
s e I i
su ! yYgius Py
1= ] IRans = i L “
T Ty T pamm ] - Py T+ T Fw-k T
)i T 13 1 m,. 1T H LRI i
1 1 T Al 1110 Ay RESSSRR I3
Bl I A - R
T T T T ] i L Y T FTT T T M
- %E._.PL 1 simk P L ! ! I R T i
H r P e L E 1A H Ea50E E5Ls ; , HLEHT i ir:
T o ] T [T T T g T3 T
RS mERuan { 1 Engd Sonnd i” add RREss ssus i RSt S ea AL ek ety
HiltHH T tHE -+ +HHH L fopprrpppiegrbbieor - b
8 - .um;.TArl Bxss= et ISR SRR ESTATEAS (1 F “h
r a0 JRESEpEoR UL AR ENTREy 47 sdud Shay) ghadd StaRE RARRS FRSAE SOORS PRDEY DRSIS AN JE
bl ol i ariew w1 ki 1 S il il Best ot seads whil KA N Liftpitys '

129,

Figure




H T

T

-+

'

B3s

b4

4+

-

4

-+

FH1H

e

M+

Effect of Horizontal Toil incidence and Flap

130.

igure

F

Open

@
£
i
w0
0o
r]
o ~
 n
£ 5
LL,
MH
O
L.
-
-AWI’
£ 5
o
s=
(o]
s £
b
M._wW
2
o .2
[ T

Deflector

170



T - I RS BRI T
L e bt SR SRR Puwd) 1S ISt Tmp i - L4
jasas S i Lils HARS SOuRd
i renainduannesy B Lot
g g B 1
11, ' H L
L3 I | }
1
1 Ra8Sena
Y A gnEDa [
s o W PGS Spenle
e ¥ ! : JapRs
1 1 ;
ansgs TIT i -
+ aad
F 1R o Fo
; 4
T Theed
o ey
+ obrir — b
+ y-r-+ ~+
1 i T
19| 0 ; S04
— ase T . b
: . il 4 t e 1
e it A PR I
e h e = p
o 1 T 0 L T
¥ b fprt t1 ¢ - t
T+ t o BEmma a8 I By (PO b
; H b w bl ) : I +
e = -+ Tt = B !
Snaal ' e e EEage
iR aedis taows som = Suganaas i e &
» -+t -
4. 1 L 4 + +
1 : .
1 04 b T. H : 1 T 1 : .
10Tt — + 1 <
+ i SE R A 'y a2 t : Z
T + * 1 t N H 3 * '
R O : r# 1 1 b T 1 44
" puns 58 - b I baS ISun AEGES
+4-+ + m &l t 1 + SARes B
P A AR ES S LEES SBmEN I I " M ) B I
A i S CedRaa, Yia saand uu t -+ iy T el sieas s
B B ¥ 3 BN 1 e SAREE SR SES Gaaa |
3 t H T Ll I Wi il T
* : T b4 T T * - = 18 DN
T H : a8 pEw 1 H H
+ I : Ht 1 ; ing 1 S
) e H um P e i
T T [ T A a
7S RE D Bas e e
P
¥ gy
t + 4+
- - + P+
+F T
o B
Sl
-t
¥ S
H1
. )i 1
T 2 .
t I .
Ry
=T
[ Ehs s sass!
IR AERS +
a4 Sauy fhnn)
Y i Y S "
AP B iy 5 8 R
) S SR ) SRS
M + L Arpriiby
' [RAGS b5 Sk
i T B = [ B o BEe
b+ - rifrea pae . ~ bt b 4 : 5 el P , 5% RS
+ ok
! HM -4
T b -+
W PSS SAREN AN IS SAS S H-HH
-t 4 4 Livas rtdigs < + } ~
- . 4 i j . —
N eacons. siooankins sand mpig b4 B! B g e
: H t M ARG Sy
slnas i HE
+ By S 1
LIy < — T»f.t..f =t +
ey o s b -
ot PORES SRR B IR
o P o o,
jpas =
:..HL.\.. DS PErG
L , P bos

[T

ing
Open

(¢]

gh W

J/H Flep, 10

and Full Flap-Span Solid

iler Deglecoion on the
, 60°/0
Deflector, Tail Off
171

Model

Lift Variation with C.
Spo

Figure 131. -~



SRS =
£ ...n.q.\ulﬂ.... LEs:
L8 = S :
J.rw.ﬂfrnnwn
B EESEE S5 P
+
M ) :
Susnisgups in
pand S SARN L}
Tt
N
e 8 + +
[oa ey Shnhn ¥4
11H1 tT
nanpaae:
senn 1
R e &
SERGA PRREY BN
| = e
B QOEES B
g
ey
Ty
[}
Spa
" :
t H+
+
1]
b
ST
—_— -
ESRES Shd
uSApEE pavie FHESS FHOOS SARTS IR L GFNN N8 &0 (S50 S6550 SORH UEUEE FRPUE MRSt DEREE AR PRESE NPT Sabug rsds eu i S8 s eRea Y EPEES RN
T
SEN8aEuE B
i 1 b
HEED |
Spnss
T
e das
JLIJ.. T
T i
i
1
T
T
1
T
-
I
3T
T
a Tt T "
Sased 1o HinHr
e SR SeTad Ansde
- i ST ki ]
i H‘?.r__.f HES e e Smdrs
- HpR| -t ] g SRR i
ot n o el s fube B8 Sl : o
B e R e e e
it E A S it 14+
aadd Soses M B oA rT ot e
+——+ SESA § B o g -4 =
SRR SRS HTK‘IJ.QY T SET
I ety oo A

Lift Variation with Full Flap-Span Solid Spoiler

Figure 132, -

" Deflection en the H

igh Wing Model, J/H

Open Deflector, Tail Off

Flap, 10°

172



Figure 133. -

.~
c
c &
cw
S5
=
ey
B
g
i ox
e O
3%
%5
o ~F
nl..e -
O 77
& n O
[») L]
o Y-
2n%
£33
213
=
’54
c =
o L
= o
o 2o
= £ =
o
>
Ed
*=
i

73

1



11111

SR S S

! : : ; R
i m i ! : S
L | e e St
: . m ” S i
e e e
1 1 . :
: T ] A
S tars thoas iliee T =
: HE ¢ 1 ol t
: | U A N H
P ('3 S E _ D

i

o L s

T

FERRL |

jﬂ'

Roll Control Power of Var

ious Lateral Control

Figure 134, -

, 60°
Open Deflector, Tail Off

igh Wing Model

Devices on the H

J/H Flap, 10°

174

)
lr\ £



b T T e o
NP RN HEERS S S RS Ry + 1
T PR Sa Ran :
g
! ik 1 15T
3 X 1314]
1 1
t T
T T
1 1 t
3 1
T
+
1
1 1
1 1
1 +
it :
: IBERE 5
T . ! T
T 1 T :
[+ 1 ! 1 *
D :
et v : +
rr T T t +
it T T T
7 I I 3 o
. i + T
= P 14T T+
M rous S8ARa amay H Y i §
+ b b+ t I
+ e § SEETE D04 ;
1 I Yons o b H
T IS Se 1 B8 LIRS
Ls '3 Susud FDw re VS - i
T na n H T T :
[+ [+ < H M - i = it b et
i sbass ) SESESEN FRESS piyy teasen:
T " TOTT: 1D SR
" T 18§04 Loy SR
i
" + = MRS 0 i
1 : A H
15 aunae oy
T i B ¥
%+ —J1
T I T+t
[ T by "
v T
13 SRS DRI g s roee
e 3 i i
T »a
+ T -+ A.r..‘ln + ¢ 1
[T N NW 1 :
i e N 11 I o 1
H H H +§i +
X + v +
+ H Il
I g
1 H H Y
I -+
A :
Mo
1 10
+ + 7 +
1
* 4
1 1
* 1
: - T
-_— T
Y
- - . 1
-t R = +
I+ + 1
. ! v
H na .
H 17t Tl
-.
H g e
(] ppiine il
IOt
[IERRg P
1 : q
T LR
1 H pag il SN
b ¥ SpEuD 4 Ba i SEON
md 1 I 1T bl

Lift Variation with Nacelle ‘Exi’r Conf

on

urati

1g

on the High Wing Model, 60°/0° J/H

Flap, Tail Off

Figure 135. -

175



11
M H 1 4
M RS B . H
T +
3 | +
=41 — +
T : T
- + 1
T Y
Hit b —
SR ERA SN
EPRG S i
s ddm
ol + il
4 ——
T _— ne
! ene T
.
1+
onne
Lot
1 “H.T
ot _..TH,,...I
+ o
T e t
T M ir

13
+
by

1

1
55
¢}
528
2=
g 20
c
e
N C
N 0
> To
Z o
d v
c
O

ion ln the H

5 Poosi
60-/0° J/H Flap,

Tail Off

Lift Variation with C
wise

Figure 136, -

176



ith Naceile Exit Chordwise

ion w

1at

Lift Var

Figure 137. -

=
.@00
H-I
Ny
O o
£5
nrr.
>
o
200
b
o
.m/
|
U0
o _=-
Qo
53
|
oM
= o
.w.m
a =

il Off

Ta

r

Open Deflector

177



g
fta

ey

S
e
wid

1

pREDE

44

T

A SES NG N

44 £4-1-4H4

+ftt

-+11 1

BEL ANERN

44+ 1

=

Ht i

1

gesan

+ 4

1+

L1341

H-

g

iency of fge
ith USB only, 100 o
/0

Closed D

J/H Flap, Tail Off

flectors, 40

ic

e

Model w
I3

igh Wing
178.

ic Jet Angle and Turning Eff
H
Open and 10

Stat

138

Figure



TS E BN SEEPY FAEEY SRS SRR SR
._‘Lz._wﬁ  Sonald Shuat susnusn SR T
B2 i552t faqie saganacaad satansasts ineclAlpte i
s h HHH it I Lo San el s
)1 1 T IS Wil Sy
1 : N8 S IS B
- * : ey Tayg s
1 PRad b: t i 148 e3d:
i+ T+ Hdr it
NEQY REARS NS e HE+
| pyes I [ 84
gwwlv.r* Tmf!w..
}osded S Ra% $aTu
teeass T
-+ T Y T
i H
L H-
ot
T
1 IS e Said
by : b i 4
T M S
H ORI & SR

JRpaa

: }
38 s28se T
& 3 _—w .
> I8 I
I -t -
1 o :
— e ¥
i 1 +
+ e
1 o 1T ¢
T 1
1 .3 H
H dSuyet o
Y i 4 4L vt
, " T
T + rH-H
T ++ 444
Jr + _H
— - H
P o B i H
i . P B
Tt jaaed Feab) i
It hEEES SEE R >
[ SERR4 BERSS ared 98584 T
T g B B ] | i ok
- 1 t yh s HHH 2+ H :
1 t gty ¥
- - =3 S SNy
1UH7 pase NES SEmAy SuirPy s
suaga Pty -1 t 11
- L L i Hitl w:. i
- } SRR M
i an SERRS 153! r it
-+ e I H G g R
i 5 = el 21T :
SEEthIEnes eEs ahe by ¢haet He
; Y 1 T
| 3% sodd T ! 0T I
+4+4 + + 1+

ing

igh Wi
Open and 10°
J/H Fiap, Tail

619
/0

Model with USB only
Closed ‘Deflectors, 60

Lift Variation with Pressure Ratio on the H

Figure 139. -

Off

179



P

L dy
+

[ARAL S SRS

553

=

T H

44444

: Li&

jHn

—

=+ 44+

=TIETH

ing Mgdel,

igh W

Qpen and 10

on the H
ap, 10°

th C
I

60°/0° J/H F

ation wi

Lift Var

Figure 140. -

Closed Deflectors, Tail Off

180



411

BERS

f L

4+ 1]

11

4

— -

o

|
+

AT

¥

tous

ith Pressure Ratio and Var

fation w

ift Var

L

141. -

igure

F

[
o >
38
z 9
o -
e @
-WID
o
=y
20
I
eoo
m.|
n LY
o
° 5
2w
a
e
- =
go_
w.W/
e
a0

Tail Off

181
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