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CONTROL ON A 45 ° SWEPTBACK-WING--FUSELAGE

MODEL AT HIGH SUBSONIC SPEEDS I

By Alexander D. Hammond

SUMMARY

An investigation was made in the Langley high-speed 7- by 10-foot

tunnel for a Mach number range from 0.60 to 0.95 to determine the lateral-

control and hinge-moment characteristics of a spoiler-slot-deflector con-

figuration on a half model of a 45 ° sweptback-wing--fuselage combination.

The wing had an aspect ratio of 3-5, a taper ratio of 0.3, and NACA 65A005

airfoil sections parallel to the free-streamdirection and was equipped

with a 65-percent-semispan, 15-percent-wing-chord inboard spoiler-slot-

deflector control. The spoiler and deflector were hinged about the 60-

and 75-percent wing-chord lines, respectively. The tests were made at

angles of attack from -4° to 20 ° or the angle of attack limited by tun-

nel power. The tests were made for spoiler projections from zero to

8-percent wing chord, with the deflector at various projections from zero

to the projection of the spoiler or to a maximum, which was mechanically

limited to 7 percent of the wing chord.

The results of the investigation indicate that a spoiler-slot-

deflector configuration having an increasing ratio of deflector projec-

tion to spoiler projection with increasing control projection would have

good rolling effectiveness and generally low total hinge moments through-

out the angle-of-attack and Mach number range of the investigation.

Comparison of the results of this investigation with results of another

investigation of the same model at supersonic Mach numbers indicates that

use of this control linkage would also result in good rolling effective-

ness and generally low hinge moments up to the highest Mach number (2.01)

of the investigation.

iSupersedes NASA Technical Memorandum X-205 by Alexander D. Hammond,

1%o.



INTRODUCTION

There has been considerable interest shown in spoiler-type lateral

controls for high-speed thin-wing configurations. These controls are

desirable because of their good effectiveness transonically (ref. l)

and low aeroelastic effects as compared to more conventional trailing-

edge ailerons. Recent investigations of spoiler-type controls have

shown that the spoiler-slot-deflector has certain advantages over the

plain flap-type spoiler, such as lower hinge moments and more effective-

ness, particularly at high angles of attack. (For example, see refs. 2

to 8.) As a result of the advantages of spoiler-slot-deflector lateral

controls indicated at subsonic and transonic speeds and the interest

shown in them, an investigation was made in the Langley 4- by 4-foot

supersonic pressure tunnel at Mach numbers of 1.61 and 2.01. The model

used in that investigation had an inboard 65-percent-semispan, 15-percent

wing-chord spoiler-slot-deflector on a half model of a 45 ° sweptback-

wing--fuselage combination. The results of that investigation are

reported in reference 9.

In order to define more completely the effect of Mach number on

this configuration, it appeared desirable to obtain lateral-control

characteristics at subsonic speeds. It is the purpose of this report,

therefore, to present the results of a lateral-control and hinge-moment

investigation using the same model as that of reference 9 in the Langley

hlgh-speed 7- by lO-foot tunnel. The tests were made for a range of

angles of attack from -4° to 20 ° for spoiler projections from zero to

8-percent wing chord at Mach numbers from 0.60 to 0.95. The deflectors

were tested through a projection range from zero to a projection equal

to the spoiler at each spoiler projection tested, except that the maxi-

mum deflector projection was mechanically limited to a projection of

7-percent wing chord. The angle-of-attack range was limited for the

tests at Mach numbers of 0.85 and above because of tunnel power

limitations.

COEFFICIENTS AND SYMBOLS

The lift, drag, and pitching-moment coefficients are, of course,

presented about the wind axes and the rolling- and yawing-moment coef-

ficients are presented about the model body axes. The origin of the

wind axes and the model body axes is on the model root at a longitudi-

nal position corresponding to the quarter chord of the mean aerodynamic

chord.

Twice semispan lift
C L llft coefficient,

qS



CD

Cm

drag coefficient,
Twice semispan drag

qS

pitching-moment coefficient referred to 0.25_,

Twice semispan pitching moment

qS_

C_

C n

rolling-moment coefficient produced by control,

Rolling moment

qSb

yawing-moment coefficient produced by control,
Yawing moment

qSb

Ch hinge-moment coefficient about control hinge axis,

Hinge moment

2qQ

Chjt

q

Q

S

C

b

(L

M

5

Qs dSd Qd

total hinge moment, Ch's _t + d_s Ch'd _t

free-stream dynamic pressure, lb/sq ft

area moment of control about its hinge llne, cu ft

twice area of semispan wing, 2.294 sq ft

local wing chord, ft

b/2
F c2dy, ft

2

mean aerodynamic chord, S J 0

twice span of half model, 2.833 ft

angle of attack, deg

Mach number

control projection measured perpendicular to the wing surface

(negative for spoiler trailing edge above wing surface and

deflector leading edge below wing surface), fraction of

wing chord
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Subscripts:

s spoiler

d deflector

t total

APPARATUS AND MODEL

The half model of the 45 ° sweptback-wing--fuselage combination

was mounted in the Langley high-speed 7- by lO-foot tunnel in such a

manner that the tunnel ceiling served as a reflection plane. A small

clearance was maintained between the model and the tunnel ceiling so

that no part of the model came in contact with the tunnel structure. A

small end plate was attached to the model root to minimize the effects

on the flow over the model of air inflow into the tunnel test section

through the clearance hole between the model and the tunnel ceiling.

The half model w_s mounted on a five-component strain-gage balance which

measured the forces and moments on the model. In addition, the spoiler
and deflector were equipped with strain gages to measure moments about

the hinge lines of each control. The forces and moments were measured

simultaneously with calibrated recording potentiometers.

The geometric characteristics and dimensions of the half model of

the sweptback-wing--fuselage combination are shown in figure i. The

wing, fuselage, and controls were made of steel. The wing had 45 °

sweepback of the quarter-chord line, an aspect ratio of 3.5, a taper

ratio of 0.3, and NACA 65A005 airfoil sections parallel to the free

stream and had no twist or dihedral. The wing was equipped with an

inboard 65-percent-semispan, 15-percent-wing-chord spoiler-slot-

deflector (fig. i). The spoiler and deflector were hinged along the

60-percent and 75-percent wing-chord lines, respectively.

TESTS

All tests were made in the Langley hlgh-speed 7- by lO-foot tunnel.

Tests were made through a Mach number range from 0.60 to 0.95 for a

range of spoiler projections from zero to 8 percent of the wing chord

with a range of deflector projections from zero to a projection equal

to that of the spoiler projection at each spoiler projection or to a

maximum deflector projection of 7-percent wing chord. Additional tests

were made for a spoiler projection of zero for deflector projections

from zero to 7 percent of the wing chord. The tests were made through
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an angle-of-attack range from -4° to 20° at Machnumbersof 0.60 and
0.80 and to the angles of attack limited by the tunnel power for Mach
numbersof 0.85, 0.91, and 0.95. Reynolds number_based on the wing
meanaerodynamic chord varied from about 3.0 X l0 u at M = 0.60 to

about 3.9 X l06 at M = 0.95.

CORRECTIONS

Blockage corrections have been applied to the data according to

the method of reference lO to account for the constriction effects of

the model on the tunnel free-stream flow. Jet-boundary corrections as

determined by the method of reference ll have been applied to the drag

and angle of attack. No reflection-plane corrections have been applied

to the rolling-moment data of this investigation because the variation

of this correction with Mach number at subsonic and transonic speeds has

not been established. The reflectlon-plane correction at low subsonic

speeds, which will decrease the rolling moment_ can be determined by the

method of reference 12 by using the theoretical span-load distributions

resulting from antisymmetric control deflection (ref. 13) and symmetrical

control deflection (ref. 14). At supersonic speeds no reflection-plane

corrections are required.

RESULTS AND DISCUSSION

The model lift, drag, and pitching-moment characteristics for var-

ious spoiler-slot-deflector-control projections for deflector-to-spoiler

projection ratios (Sd/Ss) of O, 0.25, 0.50, 0.752 and 1.O0 are presented

in figures 2 to 6, respectively. The variation of the rolllng-moment

and yawing-moment characteristics of these model configurations is pre-

sented in figures 7 and 8. In figures 9 to 13 the variation of the

spoiler and deflector hinge-moment coefficients with deflector projec-

tion is presented for various spoiler projections. All of the data

in figures 2 to 13 are shown for Mach numbers from 0.60 to 0.95 for the

angle-of-attack range from -4° to 20 ° or for the angle of attack limited

by tunnel power.

It should be pointed out that the data presented in figures 2 to 8

were determined from strain-gage-balance readings where both the semi-

span wing and the half fuselage were mounted on the balance. In con-

trast, the supersonic data for this model presented in reference 9 were

determined from strain-gage-balance readings where the semispan wing

was mounted on the balance in the presence of the half fuselage.

Because of the differences in model mountings, the longitudinal data of



figures 2 to 6 represent the lift, drag, and pitching-moment characteris-
tics of the semlspanwing and the half fuselage; whereas the data of ref-
erence 9 represent only the lift, drag, and pitching-moment characteris-
tics of the semispanwing in the presence of the fuselage. However,
since the rolling-moment and yawing-momentcoefficients of the present
report and the rolllng-moment coefficients of reference 9 are presented
as the increments resulting from control deflection, the rolling-moment
data are comparable. Also, since for both investigations the model
mounting had no effect on the determination of the control hinge moments,
which were measuredwith strain-gage beamsthat were separate from the
malnbalance, the control hinge-moment data of this report and of ref-
erence 9 are comparable.

Longitudinal Characteristics

The variation of the lift coefficient with angle of attack for the
various control configurations (figs. 2 to 6) indicates that a decrease
in lift coefficient occurs with an increase in control projection. How-

as the ratio of deflector projection to spoiler projection (Sd/SS)ever,

is increased, a larger loss in lift coefficient occurs with increase in

control projection particularly at the angles of attack near wing stall.

For example, at Mach numbers of 0.60 and 0.80 the plain spoiler

(8d/8 s = O) shows a small decrease in lift with increase in control

projection at 20 ° angle of attack (figs. 2(a) and 2(b)); whereas, the

spoiler-slot-deflector having 8d/8 s = 1.O0 shows a much larger decrease

in lift with increase in control projection (figs. 6(a) and 6(b)).

The data of figures 2 to 6 indicate that there is an increase in

the dragcoefficlent with either an increase in control projection for

a given 5d/5 s or with an increase in 5d/5 s for a given control

projection.

The static longitudinal stability of all of the spoiler-slot-

deflector configurations investigated was about the same at a given

Mach number (figs. 2 to 6) throughout the control-projectlon range

investigated. However, projection of the spoiler-slot-deflector resulted

in a positive increment of pltchlng-moment coefficient at a given lift

coefficient. Increasing the ratio of the deflector projection to spoiler

projection at a given spoiler projection generally resulted in a larger

positive increment of pitching moment at given lift coefficient.

Rolling-Moment and Yawing-Moment Characteristics

Both the rolling-moment and yawing-moment coefficients generally

show an increase with increase in control projection for a given 5d/5 s



or with increase in (Sd/Ss) at all Machnumbersand angles of attack
investigated (figs. 7 and 8). Exceptions occurred, however, in the
lower angle-of-attack range where increases in control-projection ratio
(Sd/Ss) above about 0.5 caused decreases in rolling-moment effective-
ness. The increase in rolling- and yawing-momentcoefficients resulting
from increase in 5d/5s is especially notable at angles of attack near
the wing stall. Whenthe results of the trends of the variation of
rolling effectiveness with angle of attack, control deflection, and
control-projection ratio are considered, the data indicate that a spoiler-
slot-deflector configuration having an increasing control-deflection
ratio (Sd/Ss) with increasing control deflection would have good rolling
effectiveness throughout the angle-of-attack and Machnumberrange inves-
tigated. In general, the results shownhere for the rolling effective-
ness agree with those found for the model investigated in reference 6.
Although the magnitude of the rolling effectiveness obtained for the
model of this investigation at subsonic speeds is somewhathigher than
the magnitude of the rolling effectiveness at supersonic speeds pre-
sented in reference 9 for the samemodel, as would be expected, the
trends of the variation of the rolling effectiveness with angle of attack,
control projection, and control projection ratio 5#5 s are in general
agreement.

Hinge-MomentCharacteristics

In general the data of figures 9 to 13 indicate that increasing
the spoiler projection at a given deflector projection results in a
positive increment in spoiler hinge-moment coefficients for angles of
attack below 20° . Increasing the spoiler projection also generally
resulted in a positive increment in deflector hlnge-moment coefficient
except for the higher spoiler projections investigated.

For deflector projections above approximately 3/8 of the spoiler
projection, an increase in deflector projection generally resulted in a
negative increment in spoiler hinge-moment coefficient. At low angles
of attack increasing the deflector projection above approximately 0.005c
results in a negative increment in deflector hinge moment.

Increasing the angle of attack up to about 8° had little effect on
the spoiler hlnge-moment coefficients, and further increase in angle of
attack generally results in a decrease in the magnitude of the spoiler
hinge-moment coefficient for a given spoiler projection. Increasing
the angle of attack had a relatively small effect on the deflector hinge
momentat high deflector projections. However, the deflector hinge-
momentcoefficient for mediumand small deflector projections become
substantially more positive with increasing angle of attack (figs. 9
to 13).



Increasing the Machnumbergenerally had small effects on the magni-
tude of the spoiler and deflector hinge-moment coefficients for the Mach
numberrange investigated.

The general trends of the variation of the spoiler and deflector
hinge momentswith deflector projection presented in figures 9 to 13 are
similar to those shownin reference 6 for a spoiler-slot-deflector con-
figuration on a 35° sweptback wing at high subsonic speeds and with the
trends obtained for the model of this investigation at supersonic speeds
(ref. 9).

Total Hinge-Moment Characteristics

It has been pointed out in both references 6 and 9 that since the

hinge-moment coefficients for the spoiler and deflector are of opposite

sign_ if the spoiler and deflector are properly linked the total hinge

moments will be considerably reduced as compared to either the deflector

or spoiler hinge moment. The total hinge-moment coefficients Ch2 t

obtained on the model of this investigation at supersonic speeds (ref. 9)

show that a linear linkage having a constant 8d/$ s = 0.5 for all con-

trol projections results in mlnimum hinge moments for the control at

supersonic speeds. However_ at the subsonic Mach numbers of this inves-

tigation a linear linkage having a constant 8d/$ s = 0.5 would not

result in desirable hinge moments particularly at low control deflec-

tions. The data for low control deflectlons (figs. 9 to 13) at sub-

sonic speeds indicate that the minimum hinge moments would occur for

control-projection ratios of less than 0.5 and that the linkage recom-

mended in reference 6 (increasing _d/_s with increasing control pro-

jection) would give generally desirable values of Ch, t throughout

the subsonic Mach number range investigated. A further analysis of

the total hinge moments of reference 9 indicate that while using a

linkage having an increasing ratio of _d/SS with increasing control

projection would not result in minimum values of Chjt this linkage

would result in generally low values of Ch, t at supersonic speeds.

It can therefore be concluded that for the model of this investigation

if a control linkage having an increasing ratio of Sd/_s with

increasing control deflection were used, generally low total hinge

moments would result through the Mach number range up to the highest

Mach number of the investigation (M = 2.01).
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CONCLUSIONS

A wind-tunnel investigation at Mach numbers from 0.60 to 0.95 was

made to determine the lateral-control and hinge-moment characteristics

of an inboard 65-percent-semispan, 15-percent-chord inboard spoiler-

slot-deflector control on a half model of a 45 ° sweptback-wing--fuselage

configuration. The wing had an aspect ratio of 3.5, a taper ratio of 0.3,

and NACA 65A005 airfoil sections parallel to the free-stream direction.

The spoiler and deflector were hinged about the 60- and 75-percent wing-

chord lines, respectively. The tests were made at angles of attack from

-4° to 20 ° or the angle of attack limited by tunnel power. Tests were

made for spoiler projections from zero to 8-percent wing chord with the

deflector at various projections from zero to the projection of the

spoiler or to a projection mechanically limited to 7 percent of the wing

chord. The results of the investigation led to the following conclusions:

i. The rolling-moment data indicate that a spoiler-slot-deflector

configuration having an increasing ratio of deflector projection to

spoiler projection with increasing control projection would have good

rolling effectiveness and generally low total hinge moments throughout

the angle-of-attack and Mach number range investigated.

2. Comparison of the results of this investigation with the results

of another investigation of the same model at supersonic Mach numbers

indicates that use of this control linkage would also result in good

rolling effectiveness and generally low total hinge moments up to the

highest Mach number (2.01) of the investigation.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Field, Va., September 9, 1959.
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Figure 3.- Variation of the longitudinal aerodynamic characteristics of

the 45 ° sweptback wing equipped with a spoiler-slot-deflector con-
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(a) M = 0.60.

Figure 4.- Variation of the longitudinal aerodynamic characteristics of
the 45° sweptback wing equipped with a spoiler-slot-deflector con-
figuration having a deflector-to-spoiler projection ratio (Sd_s)
of O.50.

23



0

2O

/6

/2

0

!ill ,.,.

i] ......
m,,

!li!

IiU.......

_51 _,tiili=:

:!ii _

....iiii _
iii] _ti_.# _

i_ _ '/

_ L

,,, 21Ii;;

ii !i_

/0

(_ ) _ = 0.80.

_i_e k.- Contlnue_.

24



Cm 0

2O

16

12

0

0 2 .4

cL

.6

(c) M = o.8._.

Figure 4.- Continued.

18 lO

27



2O

16

12

a,deg 8

4

0

q

.4

.3

0

G

(d) M = o.9:.

Figure 4.- Continued.

26



Cm 0

2O

/6

/2

a, deg 8

4

0

2

(e) _ = 0.95.

Figure 4.- Concluded.

.8

0

IO

27



2O

/6

4

0

0

(a) _ = o.6o.

Figure 5.- Variation of the longitudinal aerodynamic characteristics of

the 45° sweptback wing equipped with a spoiler-slot-deflector con-

figuration having a deflector-to-spoiler projection ratio (Sd/Ss)

of O. 79.

28



.2

0

-.I

-2

2C

/2

0

L_i ' i I1!I

_s, froction of
chord

0 0
-.01

¢ -02
t, -,04
_, -.06
r, -.08

.2

c_

: [i

!:ii

f!i!!

iittl_

ii_!t

i!!it

!I_!1

[![[[

m

ii,.

.6

i]i!!_

L_

_!tii!

!ii'!

lib!

iil_i
![[i!

ii_li
!:it!
_iiti
!i!i_

N

.8

®

![i]ihi

I0

0

(t_) t4 _ 0.80.

Figu.['e _.- Comtizu_ed.

29



2O

/6

a, de_ 8

/2

4

-4

q

(c) M : 0.81;.

Figure 9.- Continued.

I0

.3

0

5O



4

2O

16

12

0

(d) M : O.91.

Figure 9.- Continued.

lO

31



Cm 0

2O

16

12

0

0 ,2 4

cL
16

(e) M = o.95.

Figure 9.- Concluded.

.4

.3

0

32



2O

/6

4

0

0

(a) M = 0.60.

Figure 6.- Variation of the longitudinal aerodynamic characteristics of

the 45 ° sweptback wing equipped with a spoiler-slot-deflector con-

figuration having a deflector-to-spoiler projection ratio (Sd_s)

of 1.00.

33



2O

/6

/2

a,deg 8

0

_4

(b) M = o.so.

Figure 6.- Continued.

.4

.3

0

54



Cm 0

2O

/6

12

0

(e) M : o.85.

Figure 6.- Continued,

35



2O

16

12

a,deg 8

4

0

-4
-.6

(a) M = o.9_.

Figure 6.- Continued.

.4

.3

36



Cm 0

/6

4

0

ii!_l

Illi

i!!i

ii:, I_i!
_ liii

i11 I::

_ H

!:: ii
it! _,

i:l IH
ii!i :

0 ,2 .6

(e) M = 0.95.

Figure 6.- Concluded.

8

./

0

/0

37



.O3

.02

.0/<

0

-.01

.04

.03
D

.02 z

Cz

0/I0

.05

.04

O3

cz
102

.0/

-4

_s, fraction

o f chord

(a) M = 0.60.

Figure 7.- Variation of the rolling-moment coefficients with angle of
attack for the 45 ° sveptback ring equipped with spoiler-slot-deflector

configurations having deflector-to-spoiler projection ratios (Sd/Ss)
of 0 to 1.0.

38



q

.03

.02

.01

0

04

.03

.02

0

.05

.04

.03

.02

: !:ii

T_t
E

:i;i[i!:

idh_

i:iiii_:
JiE
i!ilE{ii

s
!iNi

;=i

fill:;

0 2O

(b) _ = 0.80.

Figure 7.- Continued.

39



c_

c_

c_

/2

(c) _ = o.85.

Figure 7.- Continued.

=

4O



0

04

.03

cz .o2

.O1

0

.05

.04

.03

Cz

0 4
a ,deg

0

(d) _ = o.9_.

Figure 7.- Continued.

41



o,

cl

cl

0

0

(e)

Figure

M = 0.95.

7.- Concluded.

8 12

42



.O2

O/

Cn
0

-.01

.O2

O/

Cn
0

-.01

.O2

Cn .01

0

-4 12 20

iiii_

:iii

::=

lie

iiii

;.2

::I

i!i

0

(a) _ = 0.60.

Figure 8.- Variation of the yawing-moment coefficients with angle of
attack for the 45° sweptback wing equipped with spoiler-slot-

deflector configurations having deflector-to-spoiler projection

ratios (Sd/_s_ of 0 to 1.0.

43



.02

.01

On O;

-Ol

+02

.01

c.
0

-.01

F

.02

Cn .01 i

o ii
-4 2O

(b) m = o.8o.

Figure 8.- Continued.

44



O2

O/

Cn
0

-0/

O2

0/

Cn
0

-0/

0_

On .01

0

-4

:_:Y_.t_l_t_ ......_ K_

. :. !+'+! !_'! i_t!

qiii

!:
I[I_=.

:::m:
:::t:::

=:±:_

3;_ $i

tZ

N_

0

itii!!i !_!il 4'/. "/ ', ii_ "' ii_

_! ii!ii. _ is

:: i!!![

4 8 12 16

e, de_

4:=

:1:

i$i
ii_ii

'.2-

_;li!
_i!!i
_i!ili

xS:

i_i]i

iii{i
]Z

;Z
LZL

N

iiii!

0

(c) M : 0.85.

Figure 8.- Continued.

4

4.5



-.0/

-4

N:!!!
i_,i!
UlIk:

IIifi;

Um_

-7}Fil

!i!ii
=:_::

m_

!!fi!!'

!!!tli!

!!!!_!

-i7

!l!!i

0

(a) _=o.9i.

Figure 8.- Continued.

_6



-.01 ]!i![!! ¸

(e) _ = 0.55.

Figure 8.- Concluded.

47



-o_

-.0_ -06 .05 -.04 _03

Ch,$

./

0 C_,d

(a) _ =-4 °.

Figure 9.- Variation of the spoiler and deflector hinge-moment coeffi-

cients with deflector projection for various spoiler projections at
= 0.60.

48



(b) _ --0°,

Figure 9.- Continued,

49



-.07 -06 -.05 -.04 _03 -.02 -.01

a_

(c) _ = 4°.

Figure 9.- Continued.

O

.5O



(a) _ = 8°

Figure 9.- Continued.

.4

.3

2

/

0 C,,,,s

-.1

_2

.2

.1

0 ¢_,o'

-.I

-2

-.3

-.5

-6

-.F



(e) e = 12°,

Figure 9.- Continued.



(f) _ = :16 °.

Figure 9-- Continued.

.4

.3

.2

./

0 Ch,_

,I

,2

-.3

.2

.I

0 Ch, #

-.1

-.2

,5

-.6

-.7

53



(g) _ = 20 °.

Figure 9.- Concluded.

54



.4

.3

2

.I

0 C_,s

-.l

_2

.2

.I

0 _,_

-2

°,5

-.7

o

(a) _ =-4 °.

Figure i0.- Variation of the spoiler and deflector hinge-moment coeffi-

cientP "_ith deflector projection for various spoiler projections at
M = 0,8O.

55



_iiti!F

!_!E!

_i!!iii!

.4

.3

.2

.I

0

=2

.2

_$

-./

-.2

-.5

-.6

-.7

_6



(c) _ = 4°.

Figure i0.- Continued.

.4

.3

.2

,/

0 Ch,s

57



58



iCF :':_:

ii!iii iiiiiiii

_N

N

:2]!!:

_i !!::iN

_:__

$/-.'_

=01

(e) c_ = 12 °.

Figure i0.- Continued.

C_$

_9



(f) _ = 16°.

Figure i0,- Continued.

O

.4

.3

.2

.I

0 Ch,s

_2

-.3

,2

.l

0 Ch,d

-.I

-2

-,4

-.5

-.6

-.7

60



ilEi

_.i:i!iiiiiiii:ii_

i_!i!ili!ilili!!ii_

!iil{![i

 i iiiiii!iitii
iiiEii_iiiiIiiii

iiiH!ii!i_iii_ii

N_

•;,_,, H i I ililE_i

!N!_i_iii!iifi!i!

i_i EE$ @iii

!!!!liiN!ii:4!!

i!_:21[ ifi:.ti:i[_!t;!_ S _

iH_ iHi}}ii}Eiiiii_
ililI!iii!_!!i!_!_i!Hi

)iif[:.[ifiiiiiiif__iii

iii!!tilitiiilIii[[ii

.02 .=01

_[$iiilSH

N)

iiiiiiiitiiiiii

a:m::

ilN ....

N
:_iI271:

m
H[H[_[

1
iii
_iii[i
{_iiiii:.4

;SS
:N;t '._

:_i:!{
0 C_,s

iii!ili
',:!H_

IKH£[i

:4:_iii

i[;i!ii
_ -.-_
i::ii!i

iii;ii__I

iiiii!l,e
iG i!:_[l
_< _ -.3

_ -.4'

_ _--_-_-.5

iili[i;iii_i
FISH

iE:JH[ :

0

(g) _ = 20°.

Figure i0.- Concluded.

61



-01

.4

.3

2

.I

0

-.2

-.3

.2

0_$

./

0 Oh,d

-./

-_2

-.4

-.5

-.6

_7

0

(a) _ : _ko.

Figure ii.- Variation of the spoiler and deflector hinge-moment coeffi-

cients with deflector projection for various spoiler projections at

H : o.85.

62



0

(b) _ = 0°.

Figure _i.- Continued.

63



(c) _=4 °.

Figure ii.- Continued.

.4

.3

.2

./

0 Ch,s

_2

-.3

.2

./

0 Oh,d

_2

-.3

-.4

-.5

-.6

-.7

64



(d) _ = 8°.

Figure ii.- Continued.

i

_i 4

!i3

_2

_i" ./

iiio

±

s_
!i

_ -.5

0

.I

0 Cn,d

65



-07
:0!

(e) _ = 12 o.

Figure ll.- Continued.

66



(f) _ = 16°.

Figure II.- Concluded.

O

.4

.3

.2

./

0

_2

-,_

.2

Ch,$

.I

0 Ch,#

-./

-_2

-4

-.5

_6

-.F

67



.4

.3

.2

.I

0 C_,s

-.I

.2

.I

0 C_,d

,2

-,3

-.4

°.5

-.7

(a) cr., =-4 ° ,

Figure 12.- Variation of
eients with deflector

M = o.9_.

the spoiler and deflector hinge-moment coeffi-

projection for various spoiler projections at

68



(b) c_ = 0 ° .

Figure 12.- Continued.

.4

.3

.2

.I

0 Ch,_

-.I

=2

.2

.I

0 Ch, d

-.I

-.2

-.3

-.4

-.5

-.6

-.7

0

69



= 4°(o) _

Figure 12.- Continued.

7o



(_) _ = 8°.

Figure 12.- continued.

?1



85, froc t/on
of chord

(e) _ = 12°.

Figure 12.- Concluded.

0

72



,4

.3

.2

.I

0 c_,s

(a) c_ =-4 0.

Figure 15.- Variation of the spoiler and deflector hinge-moment coeffi-

cients with deflector projection for various spoiler projections at

M = 0.95.

73



(b) c_= 0°.

Figure 13.- Continued.

74



(o) _=4 °

Figure 13,- Continued.

O

.4

.3

.2

.I

0 Ch,s

./

0 C_,d

75



of chord

(d) _ = 8°.

Figure 13.- Concluded.

.4

.5

.2

.I

o Ch,s

_2

.2

.I

o Ch,d

=2

-.4

-,5

-_6

-.7

76 NA_-_gl_y, 1963 L-715


