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SUMMARY

Tests were conducted in the Langley Full Scale Tunnel to detevmine the Tow-
speed aerodvnamic characteristics of a 1/10-scale model of an advanced arrow-
wing supersonic cruise configuration designed for cruise at Mach 2.2.
Configurations tested included various segmented ieading-edge flaps, use of a
single-slotted trailing-edge flap, and use of a slotted spoiler/deflector
system to improve the landing and take-off modes of operation. Extensive
pressure data were also 6b£ained for one wing panel.

The data indicated that the basic configuration exhibited static longitudinal
instability for 1ift coefficient greater than 0.3. Deflecting the leading-edge
flaps reduced vortex 1ift and pi.ch instability. In addition, leading-edge flap
deflection improved leading-edge suction and improved maximum L/D. The single-
slotted trailing-edge flap was effective in providing increments cf-lift but
produced nose down pitching moments. Lateral-directional uata indicated that
leading-edge flap deflection increased lateral stability but reduced directional
stability at high angles of attack. Use of spoilers for roll control were more
effective with increasing trailing-edge flap deflection. With trailing-edge flap
deflection of 30°, spoilers alone were as effective as the combination of spoiler/
deflector. Com ination of spoiler and aileron deflections was effective in
providing enough lateral control to trim out rolling moments due to sideslips of
10° for angles of attack up to 11°. Rudder deflection of 25° was more than

adequate to trim out yawing moments due to sideslip of 15°.



INTRODUCTION

The present investigation was conducted to determine the low-speed
performance, stability, and control characteristics of an advanced arrow-wing
supersonic cruise configuration designed for crui§e at Mach 2.2. The
investigation was made in cooperation with the McDonnell Douglas Corporation as
part of an overall effort by the National Aeronautics and Space Administration
to provide a technology base for the formulation and development of supersonic
cruise vehicles. The Mach 2.2 design is a compromised aircraft from a Mach 2.7
design in terms of operating costs, near-term technology materials, and reduced
program risk. The configuration design and propulsion system development of
this aircraft was discussed in references 1 and 2. The aircraft was sized with
a 929.0 m2 (10,000 ftz) wing area and an average wing thickness ratio of 3-percent
to meet requirements of a 7412.7 km (4,000 nmi) range and a 3,336 kN (750,000 1b)
gross take-off weight for Mach 2.2 cruise. .

Although supersonic cruise configurations are efficient in the high-speed
flight regime, they exhibit generally poor low-speed performance and stability
and control characteristics (see references 3, 4, and 5). Some of these
deficiencies include low levels of 1ift for landing and take-off, pitch-up at
moderate angles of attack, poor lateral-directional handling qualities, and low
levels of lateral control power. Some of the features of this Mach 2.2 design
that are intended to improve the low-speed aerodynamic characteristics include:
the use of segmented leading-edge flaps to improve L/D and reduce pitch
instability; the use of single-slotted trailing-edge flap to improve levels of
1ift; and the use of a slotted spoiler/deflector system to improve roll control.

The tests were conducted in the Langley Full Scale Tunnel on‘a 1/10-scale

model of an advanced arrow-wing supersonic cruise aircraft designed by the



McDonnell Douglas Corporation for Mach 2.2 cruise. The tests were made at
Reynolds number of about 4.18 x 106 based on the mean aerodynamic chord of
1.975 m (6.48 ft), with an angle of attack range from about -~6° to 23° and
sideslip angle range from -15° to 20°. The tests were conducted to determine
effects of leading-and trailing-edge flap deflection, aileron and spoiler/
deflector, horizontal tail, and the vertical tail. Extensive wing pressure
distributions were also measured. A few tests were made with the flow-through

engine nacelles removed.

SYMBOLS
The longitudinal data are referred to the stability system of axes, and
the lateral-directional data are referred to the body system of axes. The
dimensional quantities.are given in the Internatfona] System of Units and

parenthetically in U.S. Customary Units.

A aspect ratio

b wing span, 4.131 m (13.55 ft)

c wing chord, m (ft)

c mean aerodynamic chord, 1.975 m (6.480 ft)
CD drag coefficient, 95%9

CDmin minimum drag coefficient

¢ 1ift coefficient, L—(‘%‘-

CLmin 1ift coefficient at cdmin

C, rolling-moment coefficient, Rol1iggbmoment



rolling-moment due to sideslip

Pitching moment
qS¢é

yawing-moment coefficient, Xgﬂuﬂ%§%Qm§n£

pitching-moment coefficient

yawing moment due to sidesiip
pressure coefficient, f:iilff

Side force

side-force coefficient, s

side-force due to sideslip
incidence angle of horizontal tail, positive trailing-edge down, deg

lift-to-drag ratio

local static pressure, Pa (lb/ftz)

free-stream static pressure, Pa (1b/ft2) :

free-stream dynamié pressure, Pa (lb/ftz)

wing area, 9.29 m® (100 ft°)

angle of attack, deg

angle of attack at zero lift, deg

angle of sideslip, deg

aileron deflection angle, positive trailing-edge down, deg
(+) for drooped deflection
(+) for differential deflection set for positive roll

leading-edge flap deflection referenced to undeflected leading-edge
position, deg

trailing-edge deflection, deg
rudder deflection, positive for trailing-edge left, deg

spoiler configuration; 60 for spoiler/deflector; -60 for inverted

spoiler/deflector; 601 for spoiler only - (see figure 2)



Subscripts:
1, 2, 3, 4, 5. 6, wing leading-edge flap segments (used with 8¢ ]e); 1,
nearest wing root and 6, nearest wing tip (see figure 1).

S=0 zero-percent leading-edge suction

w
1]

1.0 one hundred-percent leading-edge suction

Abbreviations:
BS body station (longitudinal distance from model nose)
WL model water line

MODEL

The dimensional characteristics of the 1/10-scale model are shown in
figure 1. A schematic.drawing of the leading-and trailing-edge flaps and the
spoiler/deflector system is shown in figure 2. Photographs of the model
mounted in the Langley Full Scale Tunnel are shown in figure 3. The model was
constructed of fiberglass over an aluminum frame and was essentiaily rigid for
this test. The model was instrumented with 270 pressure orifices distributed
among five spanwise rows over the wing. The locations of the orifices are
given in Table I. The pressure data were obtained using scanivaive transducers.

The wing consisted of an arrow planform with an inboard leading-edge sweep
angle of 71° and an outboard sweep of 57° with the leading-edge break at the
63-percent semispan location (see figure 1). The wing was constructed with four
segments of leading-edge flap deflection inboard and two segments of leading-
edge flap deflection outboard of the leading-edge break. A schedule of configura-
tions for various combinations of leading-edge deflections is given in Table II.

The wing had an inboard and outboard single-slotted trailing-edge flap system



as shown in figure 2. The trailing edge flaps were deflected from 0° to 30°.
Also shown in figure 2 are the slotted spoiler/deflector and the inverted
spoiler/deflector. The spoiler/deflector system was tested only asymmetrically
for its effect on roll control. The model was fested in a limited number of
runs with the engine nacelle removed. The tail-off configuration on most of

the tests consisted of having both horizontal and vertical tails removed.

TESTS AND CORRECTIONS

Static force tests were made on the 1/10-scale mode. in the Langley Full
Scale Tunnel at a freestream dynamic pressure of q = 575 Pa (12 psf). Tests
were conducted over an angle of attack range from about -6° to 23° and over
a sideslip range from -15° to 20°.

Flow visualization on.this model was made with a technique developed at
McDonnell Douglas Corporation and reported in reference 5. This techniaue,
referred to as non-intrusive flourescent mini-tufts, allows a large number of
tufts to be applied to a model in a way that produces negligible interference
with model forces or pressures. The basis of the method is the use of
extremely fine nylon mono-filament fiber for tufts and a process of attaching
the tufts to the model surface with small drops of liquid adhesive. The tufts
are rendered visible with flourescent photography. Previous experience with
flourescent mini-tufts have shown differences of only two to three drag counts
due to the presence of the tufts. This feature allows flow visualization tests
to be run concurrent with static force tests.

The model was tested inverted to evaluate the flow angularity and strut
Eares, and these corrections were applied to the data. A buoyancy correction

computed to be ACD = ,0004 was applied to the data. In tests of



similar configurations (references 3 and 4), tunnel wall corrections were found
to be negligible and thus were not applied tothe data. Blockage corrections

determined from tunnel surveys of similar size models were applied to the data.

PRESENTATION OF DATA

A test schedule and tabular listing of the data are presented in Appendix.

Figure
Longitudinal aerodynamic characteristics:
Flow visualization 4,5
Pressure distribution 6-9
Effect of leading-edge flap deflection 10
Effect of outboard leading-edge flap deflection 1
Buildup of segmented leading-edge flap defléction 12,13
Effect of trailing-edge deflection 14
Effect of horizontal tail 15,16
Effect of horizontal tail incidence 17-19
Effect of nacelles 2C
Effect of sideslip 21
Leading-edge suction analysis 22,23
Lateral-Directional characteristics

Effect of sideslip on clean leading-edge configuration:

tail on 24

tail off 25
Effect of ideslip on configuration with leading-edge deflection:

tail on 26

tail off 27



Effect of leading-edge deflections on lateral-directional 28
stability derivatives

Effect of tails on lateral-directional stability derivatives 29,30

Effect of ventral on lateral-directional stability derivatives 31

Effect of nacelles on lateral-directional stability derivatives 32

Effect of spoiler/deflection system 33-35
Effect of ailerons 36-38
Effect of deflecting both ailerons and spoilers 39
Lateral control available 40
Effect of rudder deflection 41,42

RESULTS AND DISCUSSION
The data are presented in figures 4 to 42 with only limited analysis in

order to expedite publication of results.

Longitudinal Aerodynamic Characteristics

Flow Visualization.- Photographs of the tuft study are shown in figures

4 and 5 for a clean leading-edge configuration with trailing-edge flap deflec-
tion of 0° and 30°. The flourescent tufts were attached to the left wing
panel for these tests. Tape used to seal the leading-and trailing-edge devices
on the right wing panel also shows up in the photographs, indicating the wing
outline. In general, the photographs indicate that sponwise flow indicative of
vortex flow starts at the leading-edge of the outboard panel at about o = -1°
and moves inboard. At o = 5°, there is spanwise flow along the entire span of
'the leading-edge and is very predominant in the outboard panel. This spanwise

flow pattern moves inboard and rearward as angle of attack increases. There is



little difference in the flow pattern between flap deflections of 0° and 30°.
This can be seen in the pitching moment data, discussed later, where pitch-up
of both configurations occur at the same angle of attack.

Pressure Distributions.- The data obtained from the five spanwise rows of

surface pressure orifices are shown in figures 6-9 for a sample of representa-
tive configurations. A more complete presentation of the pressure data is
reported in reference 8. The configurations presented have leading-edge
deflections of (Gf,]e) 1.2,3,6,5, 6 - 0°, 0°, 0°, 0°, 0°, 0°, and
(éf,le) 1,2,3,4,5,6" 13, 34, 35, 35, 19, 29 with trailing-edge deflections
of 0° and 30°.

In general, the data indicated that Jeading-edge deflection reduced the
peak loading near the leading-edge and produced more loading on the outboard
panel at higher 2~3les of attack (up to 19°) combared to the clean leading-edge.
The slotted trailing-edge flap was very effective in producing a pressure
loading when deflected 30° throughout the entire range of angle of attack. The
leading-edge loading was not affected much by the slotted trailing-edge flap

system.

Effect of Segmented Leading-Edge Deflections.- The effect of segmented

leading-edge flap deflection is shown in figure 10 for various trailing-edge
flap settings. The basic clean configuration with leading- and trailing-edge
flaps up exhibited a pitch instability associated with vortex 1ift above

CL = .3. Leading-edge deflection reduced the vortex 1ift and pitch instability,
and generally reduced vortex drag, however, it did not delay the angle of attack

at which pitch-up occurred. The maximum L/D produced, L/D =10.60at C, = 0.26,

L

was made for a configuration of (Gf,]e) 1-6 = 13> 34, 35, 19, 29 and Gf,te = g°.

This is a substantial improvement over the maximum L/D of 7.44 at CL = 2

obtained with the clean ieading-edge.



Leading-Edge Suction Analysis.- A method of comparing configurations for

their leading-edge suction effects is discussed in reference 7 and is used here
for comparison purposes. Figure 22 compares drag polars of various leading-edge
configurations with curves indicating the O-percént and 100-percent leading-
edge suction drag polars. The leading-edge suction curves were obtained from
the following equations using the data from the basic clean configuration:

CDs -0 CLtan (@ = %) * Cppyp

- 2
= (¢ - CLmin) + ¢

A

(g
(=]

L Dmin

S=1.0

The data is shown in figure 23 as a fraction of full leading-edge suction. The
amount of leading-edge suction is an ndication of the aerodynamic efficiency

of the leading-edge deflection. The data indicate that a leading-edge configura-
tion of (5f,1e) 1,2, 3, 4,-5’ 6, 13, 34, 35, 35, 19, 29 with Gf,te = 0°
developed 92 percent suction at a CL = .2, while the clean configuration
developed less than 31-percent suction above CL = .2. With trailing-edge

flaps deflected 30°, the clean leading-edge configuration developed about 60-
percent suction above CL = .45, however with the leading-edge slightly deflected,
more suction was produced at the higher CL's between 0.4<CL < 0.7

Effect of Trailing-Edge Flap D flection.- The effects of trailing-edge fiap

deflections are shown in figure 14 for various leading-edge configurations. In
a few tests, ailerons were deflected along with flaps to simulate a full-span
trailing-edge flap deflection.

The data of figure 14 indicated that the trailing-edge flap system was
gffective in producing an increment in 1ift accompanied by an increase in nose
down pitching moments with pitch instability delayed to higher CL's, and an

increase in L/D at higher CL's. The deflection of ailerons along with

10



trailing-edge flaps resulted in slight increases in 1ift and negative pitching

moments with little effect on L/D.

Horizontal Tail Effectiveness.- The horizental tail provided a small
stabilizing contribution up to the pitch breék on the pitching moment curve.
At CL's above the pitch break, the horizortal tail had little effect on
pitch stability.

Longitudinal control effectiveness is provided by deflecting .1 all movable
horizontal tail, and data on the effect of deflecting the horizontal tail
through a range of +5° to -15° are shown in figure 17. Data from figure 11
indicate that the tail was effective in producing an increment in pitching
moment for the range of deflection tested.

In order to investigate the effect of tail deflection on a number of
configurations, a tail.deflection of 1, = -10° was used with several
configurations. The data are shown in figure 18.

Effect of Sideslip.- The effects of sideslip on the longitudinal aero-

dynamic characteristics are shown in figure 21. The data show a slight
stabilizing effect on the clean configuration and slight destablizing effect

on the high-1ift configuration at high CL's.

Lateral Directional Stability Characteristics
The effects of sideslip on lateral-directional stability characteristics
are shown in figures 24 to 27. The effect of leading-edge deflection, vertical
and horizontal tails, ventral, and nacelles on lateral-directional stability
derivatives are shown in figures 28 to 32. The lateral-directional stability

derivatives, CY s Cn » and C‘B’ were determined from data at 8 = 0° and

B B
B = 5°.

n



The data indicated that leading-edge flap deflection decreased directional
stability. The tail contributed a positive increment of directional stability
although the effect generally decreased at above angles of attack of 16°. The
ventral had little effect on the clean leading-and trailing-edge flap configura-
tion, but on the flaps-deflected configuration shown on figure 31, the ventral
decreased directional stability above o = 14°. The addition of the nacelles

indicated a slight increase in lateral stabi.ity.

Lateral/Directional Control Characteristics

Lateral control effectiveness was provided by deflecting differential aileron
and use of a slotted spoiler/deflection system (see figure 2). The spoiler/
deflector was deflected in a normal position at the inboard and midspan location
of the right wing an in an inverted position at an outboard location on the
left wing to produce right roll; i.e., positive ACQ. A few tests were made
with the spoilers deflected alone without slotted deflectors.

The effects of the spoiler/de/lector system on lateral contrcl are shown in
figures 33 and 34. With trailing-edge flaps up, the data indicated a reversal
in roll cortrol on configurations with spoiler/deflectors deployed in the mid-
span positio., inboard and mid-span position, or with spoilers deflected alone in
the inboard and mid-span position. Only the inverted spniler/deflector in the
outboard position produced a positive increment of C, for the basic clean
configuration. With trailing-edge flaps deflected, the data indicated that
the slotted spoiler/deflector system and the unslotted spoiler alone was
cffective in producing a positive increment of lateral contrnl. On a configura-
tion with leading-edge and trailing-edge flaps deflected 30° a combination of

inboard and midspan spoiler deflection produced almost the same amount of lateral

12



control as the siotted spoiler/deflection system. The outboard inverted
spoiler/deflector provided no positive increment in roll control in this
configuration.

The effects of sideslip on lateral-directional characteristics on a
configuraticn with spoiler deflection alone on the inboard and mid-span are
shown in figure 35. The data indicated that with spoiler deflection alone at
the inbcard ard mid-span location, there is enough laterai control to trim the
rolling moment for a sideslip of 10° up to an angle of attack of 5° for this
configuration with leading-edge deflection of (3§

f.le) 1, 2,3,8,5,6°

13, 34, 35, 35, 19, 29 ¢ = 30°.

f,te

The effects of differential aileron deflections on lateral directional
characteristics are showr in fiqures 36 and 37. The data indicated the
lateral control effectiveness with differential aileron deflections decreased
with increasing angle of attack.

A combination of deflecting spoilers and differential ailerons was tasted
in order to achieve maximum roll control. The results of this configuration
are shown in figure 39. Figure 40 illustrates the amount of roll control
available and required for trimming rolling moments due to a sideslip of 10°.
The data indicates that the combination of deflecting ailerons and spoilers
produced enough lateral control to trim out moments due to sideslip of 10°
for angles of attack up to i1°.

Presented in figure 41 are the effects of rudder deflection on lateral-
directional characteristics. Th. data indicate that rudder deflections up to
25° provide a constant increment of directional control for the angle of attack

range tested.
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CONCLUSIONS

The results of static force tests of a 1/10-scale model of an advanced
arrow-wing supersonic transport designed for cruise at Mach 2.2 indicate the
following conclusions:

1. The basic configuration exhibited a pitch instability associated with
vortex lift above CL = 3.

2. Leading-edge deflection reduced vortex lift and pitch instability.

3. Leading-edge deflecticn improved maximum L/D over the clean configuration.

4. The single-slotted trailing-edge flap system was effective in producing
an increment of lift. There was also an increase of nose down pitching moments,
delay in pitch instability to higher CL‘s, and an increase of L/D at higher
CL‘s associated with trailing-edge flap deflection. Use of droop aileron
deflections to simulate full span trailing-edge flaps had little effect on L/D.

5. Leading-edge deflection was effective in improving the leading-edge
suction. Analysis of leading-edge suction indicated a leading-edge configura-
tion of (Gf,le) 1,2, 3,4, 5,6 =13, 34, 35, 35, 19, 29 with trailing-edge
flaps up produced Y92-percent suction at CL = .2, which is a large improvement
over the leading-edge suction of 31-percent for the clean configuration.

6. Deflecting leading-edge flaps decreased directional instability at
higher angles of attack.

7. With trailing-edge flaps of 0°, all spoiler/deflector combinations
except the outboard inverted spoiler/deflector were ineffective in producing
positive roll control. The spoiler system became more erfective with trailing-
edge flap deflection. Spoilers alone provide almost as much roll control as
the slotted spoiler/deflectors with the trailing-edge flaps deflected.

8. Combination of spoiler and aileron deflections produc2d enough
lateral control to trim out rotling monents due to sideslip of 10° up to an

angle of attack of only 11°.
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TABLE I - Location of the Pressure Qrifices

STATION 1 n = .125
UPPER*C L OWER

" L.E. FLAP| L.E. FLAP
.0 .064
. .001 1005
.003 .008
.006 .025
LL02 .048
L .023 .071
.035 .094
.036 16
o .069
.092
.104
—
| WING WLNG
125 125
.15 .15
.20 .20
.25 .30
.30 .40
35 .50
40 .60
45 .70
.50 .80
.55
.60
.65
.70
77
.80
.85 !
! i




TABLE I - Cont.

STATION 2 = .263 STATloﬁli = 492
UPPER*/C  LOWER UPPER LOWER
L.E. FLAP L.E. FLAP L.E. FLAP| L.E. FLAP
0 002 0 .002
0001 | .003 .001 .005
001 -006 .003 .012
-004 -027 on -046
012 056 .046 -002
.027 1085 .069 1138
041 114 -092 185
-056 .143 .138 .230

084 1184
113 .207
127
WING WING
WING WING
.25 .30
20 15 .27 .40
25 .20 .30 50
30 .30 .35 60
35 .40 o 70
40 .50 .45
45 .60 .50
.50 .70 .55
55 80 .60
.60 .65
65 .70
.70 .75
.75 .80
.80 .85
85
T.E. FLAP| T.E. FLAP
T.E. FLAP| T.E. FLAP
- .820 .827
878 .884 823 836
881 1599 -838 .873
885 914 837 -900
1891 1933 856 936
-903 -958 873 932
9 987 901 1.00
933 1.00 -937
950 .955
.970 982
L~_.988
t




TABLE I - Concluded

STATION 4 = .638 STATION 5§ = .877
UPPERY€  LOWER upPPERYC  LOMER
L.E. FLAP| L.E. FLAP L.E. FLAP | L.E. FLAP
0 002 0 .040
.002 .003 .018 .082
.003 .08 .038 123
"008 1034 -060 .166
016 -066 -080 215

.032 1099 164

-050 13 182

066 an

-098

9%8 WING WING

147 .22 .25
.25 .30

WING WING 130 .20
135 .50

.15 175 130 60

175 .25 .45 55

.20 130 50 70

122 .20 .60 75

.25 .50 .65 80

27 160 169 90

130 .75 1.00

35 80

120 85

45 195

150

55

60

65

T.E. FLAP| T.E. FLAP

.767 779

773 '790

779 836

1790 917

‘813 1.0

336

871

918

~941

1976




TABLE II - Various Leading-Edge Configurations

Configuration 1 2 3 4 5 6

1 50 55 60 65 64 70

2 35 50 66 72 70 70

65 65 65 65 64 70

3 0 0 0 0 64 70

65 0 0 0 64 70

4 65 65 O 0 64 70

5 65 65 65 O 64 70

6 50 50 50 50 52 58

7 50 50 50 50 35 44

8 35 50 50 50 35 44

9 35 50 50 50 O 0

10 0 50 50 50 35 44
11 0 0 50 50 35 44
12 0 0 0 50 35 44
13 0 0 0 0 35 44

14 13 34 35 3% 19 29
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Figure 4. - Flow visualization using flourescant mini - tufts.
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Figure 24, - Effect of sideslip on lateral-directional aerodynamic characteristics
of clean leading-edge configuration. Tail-on.



o I

- N - PN - -_ D £ o~ 1L ) 10 2\
% 0'0“"'*0 R i“'-i:i—v-;—i- PET T .—.—""‘ ﬁl- ?
< MR 1] 12 -' ‘-l"

,\‘-"—' - . W . -——-F_ I
-1 iﬁiﬂ:tlﬂt‘nm_-
GH% I::l -
“-2 i ) l
04 T

— ~ Y-\
Ay

C, @ e :
al T ISR
<ama H-Pi-n:c-r:q-al\h

—— v e M R T T T anw . e - "

0 FTomieTo SO~ | o

-

-.02 : 1 L
02
0
Gy
-.02
-0
-.06
-b

(b) 8¢ te=10"
Figure 24. - Continued.

=N

orb>oao0
Esnnvo



_9

0 S s IS8 %w
gl™ = P-4 e M
"-I “—-—;,‘——' 2 hd
-l l Vi I
B, deg

C0

- 05
O 10

G, * T OO o1 || N

ol lo ST, ramINID | [O] |
“1T7] LLEE_uuﬁi
-2 LT 1
-0e
c °
-2
-
-8

(c) 8 1= 10° ; 8=+10"

Figure 24. - Continued.



B, deg

r

016~

LN .

[ oY

12101}

)

ALl L&
V]

v

1

=4~

oL

¢

1

-]

=

oo

—
"~

- W -

A 4

aTy

| Ol
|
L L L |

X

16

12

oY
e

VW ~DW

-08

?

Figure 24. - Continued.



(e) 8 1o 0" ; 0= +20°

Figure 24. - Continued.

B, deg

©oo
eEwvo



T B
G, ® ‘
0
-.02 | l | | | l“-
.02
alal
S St aroraretor 1o
Cl 02 \'Ef\:u' 'l-‘.\ HMEBE
' LTI P
-.04 ‘.:..-:'E‘l—sil:s‘—— -
- l" el
-.08 i
4 -4 0 4 8 12 16 20
a, deg

()
(f) 6f' te=30

Figure 24. - Concluded.

ppr><00

B, deg

Noeswvwno



! HANEEEER
\ L lalolalo
e AL te—
-1 B oSS

.02 [ B

o
Q
b
;;
,‘.
|
. B

deg

Ca Ll AN
b T
o NENER vl
— = =
-0 .. S e T B e ~

SG5vwrno

z‘
1
4
T
I
v
- |
<
oprp><o0Oo

24

(@ 8 4,=10"

Figure 25. - Effect of sideslip on lateral-directional aerodynamic characteristics
of clean leading- edge configuration. Tail - off.



-]

02

-2

-02

-.02

-~ 04

)

o)

Q@

%

o ¢

Ll‘%n

o o
(b) 8¢ (¢=10" ; 8,=+I0

Figure 25. - Continuer,

B, deg

oo
oveo



||

viviVv]

v

am Wmm -ww B

- -—

v

» e -

v

mlalamlalalaesslss F oY “,f§~f‘|'“ -~

'"enap mV-mPD - W
Viv |V

B, deg

.1

0

Gy

-ei

own S

ono

-~ 1 L

-
v

[ o -
| TYesARI AT
D15 |
A4 7

L%

~ -— -
| % | o
Ei2

-
-ma
» 1 N
==3
- Tﬂ

AN

—mh -®N "mg
—— -~

»
v

e | - -~

02

0

Gy

-2

-4

()

N

. T NawvaRATa.T

20 &

02

o

Gy

-2

~0N

16

12

(C) Gf’ te= 20

Figure 25, - Continued.



" [T T 111

RN
G , IIIIIIIIIIII
~| > T4 |

_----—‘—--»

B, deg
o0
05
02
10
TS LSS LN T 3] S | °X | KT X T oG Sl g
Gn 2 122 L5008 T TR T RTOT T RTISrONE T:IO_
— ™ | WIS TS] A 4 N
-'m ) -
-8
02 |
Warie~r-
PR TOT TV Y leN o - -
C 0 - e | - - <
| \ | o

() B tg=20° ; Ba=+20°

Figure 25. - Concluded.



9|
o H -|!|!|-|.|-|-|.|!|I|--
'TIV L‘.EHHH-.:-‘luII':"IHIl ) ™
o L e =Y I,
o0
02 — Kamnam o] %zo o
cﬂ 0 —-9-!2:1-6-”"“"':"“

.L.I.I.I.I.I.l. S

(a) ¢ te=20°

Figure 26. - Effect of sideslip on lateral- directional aerodynamic characteristics.
' (bf |e)|' 2’ 3' 4, 5, 6= |3, 34, 35, 35, |9, 29,. Tail-on.



-1

GY 0.0

-~

-2

.m ]'
B.odeg
02 o
< a 2
Gn O 5
0 A 10
g [N |
02 D 20
-0
.02 r
0 S804 e oheE
'..\’\'sJ : ~o oa
G| "'-02 \‘t‘:\!“.f\
\L’f
-4 S
~.06 -
-.08
-3 -y ) y 8 12 16 20 24
Q, deg

(b) 8¢ te= 30"

Figure 26. - Concluded.



GY 1] i :
- - = - - - - -~ - :l‘-A.—-"L‘A
B It PRl B i1
-ll —
B, dg
O 0
.02 Qs
O
0 S v a
C, 8 4= T TT8T8s
N -
-.02
- 04
.02
O~
C‘I 0 %3 o171
-.02 l ; —
-.04 -
4 -4 0 4 8 12 16 20 24
a, deg
(@s, , =20

f, te

Figure 27. - Effect of sideslip on lateral-directional aerodynamic characteristics.
(0f le’, 2345 6=I3, 34,35,35,19,29,, Tail-off,



B, deg

op><oOoo
SE8suvwno

(b} 5¢ te =30

Figure 27. - Concluded.



I 2 3 4 5 6
o 00 0 0 00
O 33 3 3 19 29
~ 0
("YB B RN 1 &l
ot P e | =
004
CnB 0 = - |e|\%
-.004 [d
004 [T
G U T
L S gi—ar e
-.004 -
-.008 ]

-4 0 Y 8 12 16 20 P
a, deg

Figure 28. - Effect of Igading-edge deflection on lateral-directional stabiiity derivatives.
Bf' je=30".  Tail-on.



Horizontal Vertical Ventral

tail tail
O On on On
8 On on Off
<o On Off off
A Off off Off

T T e o s s e s e s

.004
G B, 8
- .004% |
4 0 Y 8 12 18 20 24

a, deg

Figure 29. - Effect of tail components on lateral-directiong| stability derivatives of a
clean leading-edge configuration. ' &; 4,=0'.



5
o
;

O i
]

Q|

-.01 =
004
T 1o 19T1®
TH
"-00'1
004
G
'8 4le —i—
st ‘—-"-'-.?!& . v
A N 3 - e _-‘,\\\
~.004 Ul lvl 1

-y 0 Y 8 12 16 20 24
a, deg

(@ B o= 20

Tail

o On
O off

Figure 30. - Effect of tails on lateral- directional stability derivatives.

(6f, |e) ,2,3,45,6= 13, 34, 35, 35, 19, 29.



Cy, ° N N 3 B P B Y B
6 ol lot—1oTet T | |
-’QOI
Tail
O On
O off

004
G
IB 8
*%=%% ’@_J_____.g
~.004 o
4 0 4 8 12 16 20 24

Qa, deg

(b) 8 4,=30"

Figure 30. - Concluded.



0 _
CYB INNENE D [ Ventral
Y | i [ToT A O 0On

O off

C)

™
au
1
-

‘ I

- B ~~N .
TNuzae
i

-4 0 Yy 8 12 16 20 24
a, deg

Figure 3I. - Effect of ventral on lateral-directional stability gerivatives.
(Gf, |e)| 2345 6=|3, 34, 35, 35, |9, 29. 6f’ te=30 .



12 i s i A I e
-.01 | Nacelles
O On
0 - | off
GnB B‘%%" ! o | __I_s_ ——Lﬂl-—lﬂ;]: ‘ﬁ
- o0 |
.004
G,
B
o B Ter=tarar
\F?gg*%
~.004 ,
4 0 4 8 12 16 20 4
a, deg
(a) Tail-off

Figure 32. - Effect of nacelles ognl lateral -directional stability' --erivatives.
O, te=0



oFf e

q1

||

T
IIIII
[ L] ]

3

!

i-‘i-;'g-!:':'._ =
18
Y 8 12 16
a, deg
(b) Tail-on

Figure 32. -Concluded.

Nacelle

O On
o off



Spoiler
Inboard, Mid - span, Qutboard

o 000
O 0,600
<& 60,60,0
A 60, 60, -60
N 601, 601, 0
3|
@ s e i o 2
-l
02
Gﬂ 0 Ala la AlalalAalAlala A_._A._A..LA‘
B . ITem awm-<a QP ) TN
=TT o B B Bt B e s
-2 | | I
c ® fjA ]--]“‘:’ x
| o R st | el
ST TS TR A
-2 | 1 ||
-8 -4 0 4 8 12 16 20 24

Figure 33. - Effect of spoiler/deflector on ihe lateral - directional aerodynamic
characteristics. (Gf. 1 . 3456=000000 8 ,.=0°. p=C~.



"~ Spoiler
Inboard, Mid-span, Qutboard

o 000
| 60l 601, 0
< 60,60,0
1
GY o alal 'ﬁ—rjﬁ"ﬁrf"~1—r~ PP
wilw e R N T L d d D
-.1 |

-
Ch
'
:
i
-«
;
:
]

:

rb

R MTalas LT LT T T

TE % - ~a~gmaa ™

G dﬁa..“.hhﬁw
"‘- o “.—l"":
o2 b
-8 -4 o Y 8 12 18 20 24

a, deg

(a) 6f te= 1

Figure 34, - Effect of spoiler/defiector on lateral-directional aerodynamic
characteristics, (6f Ie"l 2.3,4,56513,3435,35,19,29,,
Tail -on, B—



Spoiler
Inboard, Mid - span, Qutboard

O 000
O 0,600
<O 60,60,0
A 60, 60, -60
N 601, 601, 0
.1
Gy .
-_1
.02
Gn 0
_,02
.02
C'l e L&
0
=02

-8 -4 0 Y4 8 12 16 20 24

a, deg

Figure 33, - Effect of spoiler/deflector on the lateral - directional aerodynamic
characteristics. (ﬁf' teh 23456000000 & (,=0°. p=C".



" Spoiler
Inboard, Mid -span, Qutboard

o 000
O 601,60l 0
< 60,60,
ol ]
Cy 0
..,1
.02
Gn 1]
-,02

EFTEI W o = d"an

02 MAFALAFFHHH_“

G 0 LGdn Lo o S e ]
Mi:;;szg';"‘rn'"F;::;i’r hd
-.02
-8 -4 0 4 8 12 16 20 24
Qa, deg
(@) Gf. te='0°

Figure 34, - Effect of spo:ler/deflector on lateral-directional aerodynamic

characteristics, (bf |eJ| 2.3,4,5 6=13.34,35,35,19,29,.
Tail -on, B-



Spoiler
Inboard, Mid - span, Qutboard

o 000
0O 60l,601,0
<O 60, 60, 0
1
G" 0 . lala -1 I}J.A-- --?_Ai:n: - L -_‘\‘l\_
V[ e =T e e v A ARARC AN, anaR -2l
_,1
.02 T
mil we W wwa T 4 A
Gy P I Rl T TS RO e e Rt R P
LN A
..,02
O

D

|
(
bl
4 ..
dfcd>
}_c

4

[ X5

@

-8 -4 o 4 8 12 16 20 24
a, deg

(B) 8¢ to= 20°

Figure 34. - Continued.



Spoiler
Inboard, Mid-span, Qutboard

o 0,0,0

O 60l,0,0
& 0,601, 0
A 601,601, 0
N 60, 60,0
D 60, 60, -60

- ~
T ST T aw W e-
* ——

M Ikl --'-t—". ‘-:A‘.:‘"““.".‘.-_‘
R s W - L . TP ST \.

=T T LT YT YT | Y -
O

S
Q¥ RN NI N
T S e A NN o

h"q‘?“'A :;;—“..‘ .—t ‘.h_--v [N A

{c) 6". te= 300

Figure 34. - Concluded.




2
-1 K‘E—
Gy be
b 4
‘ll = G Q
&~
-2 L
04
el | A
02 bl =T T
Cn ] - N %
0 : —
Pg‘o
-.02
» TTIL
04 ot —
._,“',‘.’l ©
o ~— T
02 PR —
G Ml [ Sy stel elolalol
s
0 7‘\:\ - i
N | '?!"’
--02 “. _ ‘.‘3-
- I':‘I, I:_\ Loy
- | 171
-8 -4 0 Y ) 12 16 20 24
a, deg

B, deg
o 0
0 -15
O 10
A 5
D 10
015

Figure 35. - Effect of sideslip on lateral- directicnal aerodynamic characteristizs

Tail-on.

with 85=601,601,0. (8¢ 1eh 5 3 4 5, 6=13 34,35, 35,19, 25. b 15=30"



1
GY A‘_‘_Q_&p\n——nJL-L-_H
o M (e S u|"="|"1rv1v -y
"ol l
bardw
o 0
% D *30
= et
.02 |
04
B4 -l
02 LT LL A=

¢
%
¢
I
1
:
¥l
¢l
b

Figure 36. - Effect of differential aeieror ::«ction on lateral-directional aerodynamic
characteristics of clean conflguratlon 0f,1eh 2,3,4,5,6=0.0.000, 0.
5f te—Oo Tail-on. p=0



0 TerararerreTErET=T=| 5| 515 )
-.1
02 |

6al deg
0

ot3

Figure 37. -. Effect of ailerons on lateral-directional aerodynamic charateristics.

(B 16N, 2,3, 4 5, 6=13,34,35,35,19,29. p=0°. Tail-on.



-1 | | b,, dey
O 0
@ . . [ O+20
O30
Ql ".‘_I.{\-IITI I'_'_!_ ,!l-;li' .l. S e I ) ﬂ ’

T e A b
-.02 AN EEEEER ]

Ol l
a, - e Cakasla ] L
| =E e RN NN RN
e
0 Gdo.l;_e__-\l 1=l
~ o e "7;":":"..‘1 """""" Iw

q
_(

9

_

£

(
o
—
—
_...=

(b) B¢ tg=30"
Figure 37. - Concluded.



{

i
i

7 Ol
[

g

P

P

)
3

12 16

Figure 38.- Effect of sideslip on configuration with §,=1+ 30°,

(B, 1e)) 23,4 5, 6= 13 34,35, 35,19, 29. b te=30". Tail-on,

B, deg

< -10

pow P
w



o ba =, spoiler =0,0,0
O 8, = 30, spoiler =601, 601,0

.1
OY 0 a |E.;3” .é.’;‘.lgl = #lﬁ%lﬁ*
...1

5
i) N
|
]
1]
]
"~

o
11‘
b
-I]_.
)
(01])1]

¢
¢
¢
Y
b
3
¢
¢
)
(@]

Figure 39. - Effect of deflecting ailercns and spoilers on lateral-directional characteristics.

¢ 1o 2.3 4 5 6=13.34,35,35,19,29. B 1=30°. 6,=%3(°. B=601 01,0,
Ta.-on, '~ p=(0’.



"|0J3u02 Jajjods pue UOI3|IR |INJ Y)M B)qe|ieA. [013u0D jeidje] - O a4nbiy

b2 0z ol a BP0 y 0 p- 8-
* " 1 0
_ 4 10°
i
I >
. 0
+
. 4€0°
1
v
s1ajjods pue suoiaje
UMM J043U0D jjod Jind T
e . @l.. 1 mO ..

(gr=gx 1



1
::"—f"‘-lnv w~iunutaeto A A LA LA -
@ CReaiasesn ettt £
o T R T T o p o ananar s
-
O, deg
o 0
.02 0 10
O
i~ L ~ A
Gn 0 GJPJTO' V"VJ ~ © "O'L'C vicl 5
e T (e e e e e
n.oe
LalaHRTTOROLOHONG
-4 il i

O
(a) (Gf’ |E)L 2’ 3’ 4’ 5’ 6=0. 0, 0, 0, 0, 0 ’ bf’ te=0

. » g (]
Figure 4, - Effect of rudder on lateral-directional aerodynamic characteristics. f=0".



ol

°.1

02

W'—&eme
o o e Bt B B e s
i
8 -4 0 4 8 12 18 20 24
a, deg

‘ _ O
) (B 16l 23, 4,5, 34,353 19,29 5 B 1=

Figure 4l. - Concluded.

bf ’ deg
O 0
O 10

o
A D



* [T I T T L

I T sy
Gy N

AT AW WY W AW~ - ——

© [ NMI dh‘l-‘ﬂl‘ur&lul' & |

0 EI "-“—l‘_-.‘——- —
".1 Q e
B, deg
] I o
lsl B[] 0 5
h i & 10
% h§ﬂ4lua 0
D5
"om D 10
O 15
_.w
.06 T
04 - . <
e .l [ P ..-_
02 '.Il,‘l"‘,v hd
C i el
Ly .‘.-t;:_»\-_ e "?‘ SN ’
AL
L b _"‘:Eﬁii‘:—: &
-002 LN - :. ":. m/—a
i = =
-.06

6 % 0 4% 8 12 18 2

a, deg

Figure 42 . - Effect of sideslip on lateral- directional aerodynamic characteristics with
rudder deflection of 25 degrees. (B¢ j¢) 23 4 5, 6=13,34,35,35,19, 29.
b te=30°.



Appendix - Presentation of Tabulated Data

The symbols used in the data tabulation ire defined as follows:

ALPHA Angle of attack, deg

BETA Angle of sideslip, deg

cD Drag coefficient, stability axis

CL Lift coefficient, stability axis

cPH Pitching moment coefficient, stability axis
CRM Rol1ing moment coefficient, body asis

CSF Side force coefficient, body axis

M Yawing moment coefficient, body axis

L/D Lift-to-drag ratio
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