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TECHNICAL MEMORANDUM X-457 

OF A MODEL OF A SUPERSONIC TARGET DRONE 

WITH DIFFE€ENTIALLY DEFLECTED 

HORIZONTAL-TAIL SURFACES* 

By Dewey E. Wornom 

SUMMARY 

Force tests of a model of a supersonic target Srcne vere performed 
in the Langley 8-foot transonic pressure tumel to determine the longi- 
tudinal and lateral stability and con t ro l  characteristics at transonic 
speeds. The tests were conducted over a Mach number range from 0.50 to 
1.20 for angles of attack from -6' to 12' and angles of sideslip from 
-4O to 6 O .  

& m i l t s  of the  tests indicated thnt. the model was longitudinally 
and laterally stable through the angle-of-attack, angle-of-sideslip, and 
Mach number ranges of the tests. 
vided effective longitudinal control and their differential deflection 
provided effective lateral control for the control-deflection range of 
the tests. 
the highest test Mach number of 1.20 its effectiveness decreased to 
approximately one-half its subsonic value. For the control deflections 
tested, no control interaction problem was indicated except for the 
possibility that the favorable yawing moments created by differentially 
deflecting the horizontal tails would be objectionably large. 

The all-movable horizontal tails pro- 

The rudder provided effective directional control, but at 

INTRODUCTION 

The data presented herein are the results of an investigation per- 
formed in the Langley &foot transonic pressure tunnel to determine the 
longitudinal and lateral stability and control characteristics at tran- 
sol-&e speees ~f a scale m 6 e l  nQ a supersonic target drone. 

%itle, Unclassified. 
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f orebody, a single inlet beneath the fuselage, a trapezoidal-planform 
wing mounted in a shoulder-high positicn, and conventional tail surfaces. 
Longitudinal control was provided by all-movable horizontal tails, 
lateral control was provided by differential deflection of the horizontal 
tails, and directional control was provided by a conventional rudder on 
the vertical tail. 

Six-component force data are presented for Mach numbers from 0.70 
to 1.20 for the model in pitch and yaw. 
results is presented. 

Only a brief discussion of the 

SYMBOLS 

The results are referred to the body-axis system except for the lift 
and drag coefficients, which are referred to the stability-axis system. 
(See fig. 1.) Moments are referred to the assumed center of gravity ver- 
tically located on the fuselage reference line and longitudinally located 
at the leading edge of the wing mean aerodynamic chord. 

b wing span, in. 

Drag drag coefficient, - 
qs CD 

Longitudinal force 
G c;, longitudinal force coefficient, 

= cD *en p = 00) 

cL 
Lift lift coefficient, - 
qs 

lift-curve slope per deg, averaged over CL = 0 to 0.4 cLa 
Rolling moment rolling-moment coefficient, 

qsb 
Cl 

effective-dihedral parameter, aC1 / ap  per deg 
c l P  

tail effectiveness in r o l l ,  &l/&a per deg . cba 

C yawing-moment coefficient produced by differential deflection 
n&a of horizontal tails, acn/asa per deg 
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static-longi tudinal- stability parameter, aC,/ aC, 

tail effectiveness in pitch, aCm/ase per deg 

yawing-moment coefficient, Yawing moment 
qfl, 

stat i c - dir e ct i onal- stability paramet e r , aCn /a p per de g 

rudder effectiveness in yaw, acn/a6, per deg 

Lateral force 
qs 

lateral-force coefficient, 

static-lateral-force parameter, ac,/ap per deg 

local wing chord, in. 

wing mean aerodynamic chord, in. 

free- stream Mach number 

free-stream dynamic pressure, lb/sq ft 

wing area, sq ft 

angle of attack, deg 

angle of sideslip, deg 

deflection of right-hand horizontal-tail surface minus deflec- 
tion of left-hand horizontal-tail surface, deflection positive 
when leading edge is up, deg 

deflection of each horizontal-tail surface when use& as pitch 
control, positive when leading edges are up, deg 

deflection of rudder, positive when trailing edge is to the 
left, dzg 



Tunnel 

The invest igat ion was conducted i n  the  Langley 8-foot transonic 
pressure tunnel, which i s  a single-return tunnel with a rectangular 
s lo t t ed  tes t  section t h a t  permits continuous operation through the  
transonic speed range. Control of t he  stagnation temperature and dew- 
point  was such as t o  preclude the  formation of condensation shocks. 

Model 

A three-view drawing of t he  al l -metal  l / l l - s c a l e  model of t he  tar- 
ge t  drone i s  presented i n  f igure  2, and de ta i led  model dimensions are 
given i n  t ab l e  I. 
t ab le  11. A photograph of the  sting-mounted model i s  shown i n  figure 3 .  

The wing a i r f o i l  coordinates are presented i n  

Wing leading-edge droop was obtained by replacing the a i r fo i l - type  
leading edge forward of t h e  0 . 2 1 6 ~  l i n e  with a 6.66' wedge and then 
t i l t i n g  downward 2' the  portion of t he  wedge forward of t he  0 . 1 5 ~  l i n e .  
The fuselage had a. r e l a t ive ly  long forebody and a s ingle  underslung 
i n l e t  which was ducted f o r  i n t e rna l  flow. Each all-movable horizontal  
t a i l  was remotely controlled by a small e l e c t r i c  motor within the  model 
that provided e i t h e r  symmetrical or d i f f e r e n t i a l  control  s e t t i ngs .  
der  deflections,  with the  hinge l i n e  at  the  89-percent-chord l i n e  of 
t he  ve r t i ca l  ta i l ,  were obtained by means of an attachment p l a t e  appro- 
p r i a t e ly  def lected f o r  each rudder angle. 

# 

c 

Rud- 

Tests 

S t a t i c  longitudinal t e s t s  of various model configurations w e r e  con- 
ducted at Mach numbers from 0.50 t o  1.20 over an angle-of-attack range 
from approximately -60 t o  12' f o r  angles of s ides l ip  of Oo and approxi- 
mately 5 O .  Lateral  tes ts  of t he  complete model were conducted over t h e  
same Mach number range with an angle-of-sideslip range from approximately 
- 4 O  t o  6' f o r  an angle of a t tack  of approximately 5 O .  

All t e s t s  were conducted a t  0.8 atmosphere. The test Reynolds nun- 
ber, based on the  wing mean aerodynamic chord, varied from 0.89 X 10 6 t o  

1.35 X 106 over the  Mach number range. To insure turbulent  flow, t r ans i -  
t i o n  s t r i p s  were on the  model f o r  a l l  tests.  
(1/16 inch wide on the  horizontal  ta i ls)  consisted of No. 120 c a r b o r n d m  
grains sparsely applied on the  nose of t he  model a t  5 percent of t h e  
fuselage length and on both surfaces of t he  wing and t a i l  a t  t h e  10- 

The 1/8-inch-wide s t r i p s  

- 
percent-chord l i n e  ( streamwise 

& i  
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Force and moment measurements were obtained by means of a six- 
component e l e c t r i c a l  strain-gage balance nounted within the  model. 

The angle of a t t ack  and the  angle of s ides l ip  were determined by 
means of a pendulum-ty-pe strain-gage uni t  and a s t a t i c  ca l ibra t ion  of 
s t i ng  and balance def lect ion with respect t o  model load. 

Internal-drag measurements were obtained with pressure survey rakes 
consisting of t o t a l -  and static-pressure tubes, located approximately 
1.4 inches forward of the  base of the model. Base-pressure measurements 
were obtained from stat ic-pressure tubes located a t  the  base of the  model. 

Horizontal- ta i l  def lect ions were determined by ca l ibra t ion  of t he  
remote-control instrumentation. 

Corrections 

No corrections were applied f o r  boundary interference a t  subsonic 
ve loc i t i e s  because such interference was minimized by the  s lo t t ed  t e s t  
section. 
re f lec ted  disturbances were present and data i n  t h i s  range of Mwh num- 
bers  were not taken. 
interference e f f ec t s .  
of free-stream s t a t i c  pressure acting on the model base. 
drag coef f ic ien ts  have been removed from the drag coef f ic ien ts  presented 
i n  t h i s  paper. 

A t  Mach numbers greater  than 1.03 and l e s s  than 1.20, boundary- 

No corrections have been applied f o r  st ing- 
The drag data have been adjusted t o  a condition 

The internal-  

No corrections were applied t o  the control-surface angles t o  account 
f o r  def lect ion under load, but  t he  errors  a re  believed t o  be small. 

Accuracies 

The estimated accuracy of the coeff ic ients  a t  a Mach number of 0.80, 
based on the repea tab i l i ty  of the data and s t a t i c  cal ibrat ions,  i s  within 
the  following limits: 

c L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.030 

c,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.016 
c D . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.003 
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fo.001 4 

e. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +O.OOl 
c y . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.004 

The angle of a t tack  and the angle of s ides l ip  were determined within 
f0.20. 

DISCUSSION 

Basic force and moment data f o r  the  various configurations and con- 
t r o l  deflections a re  presented i n  f igures  4 t o  11. 
presented i n  f igures  12 t o  17. 

Analysis data  are 

h n g i t u d i n a l  S t a b i l i t y  

The var ia t ion of l i f t -curve  slope C L ~  over the  t es t  Mach number 

range for the  model with and without t a i l s ,  shown i n  f igure  12, followed 
the  usual trend through the  transonic speed range. No appreciable e f f e c t s  4 

on the  l i f t  charac te r i s t ics  of t h e  complete model were noted as a r e s u l t  
of wing leading-edge droop ( f i g .  5 ) .  - 

%L for the 
The s ta t ic - longi tudina l -s tab i l i ty  parameter 

( f i g .  13), with and without ta i ls ,  indicated the  usual rearward s h i f t  

of the  aerodynamic center was about 20 percent of t he  mean aerodynamic 
chord a t  both 
greater a t  CL = 0.4 than a t  CL = 0. The i r r e g u l a r i t i e s  i n  

between M = 0.90 and 1.00, f o r  the  model with t a i l s  and 
determined from addi t ional  data  taken at  
have not been presented i n  t h i s  paper. Wing leading-edge droop had no 
appreciable e f f ec t  on e i t h e r  t r i m  lift coef f ic ien t  o r  s t a b i l i t y  l eve l .  
(See f i g .  3 . )  

. i n  aerodynamic center i n  the  transonic speed range. The rearward shift  

CL = 0 and 0.4; however, t he  l e v e l  of s t a b i l i t y  was 

L 
CL = 0, was 

M = 0.925 and 0.975 which 

When d i f f e r e n t i a l l y  def lected t a i l s  a re  used f o r  l a t e r a l  control,  
t he  poss ib i l i t y  of in te rac t ion  with t h e  longi tudinal  s t a b i l i t y  of t he  
configuration e x i s t s .  From figure 6, f o r  t h e  configuration with 
6, = -4O, it  i s  noted t h a t  such in te rac t ions  were not present over t h e  
Mach number and angle-of-attack range of t he  t e s t s .  
only fou r  Mach numbers are shown i n  f i gwe  6, addi t iona l  da ta  a t  
M = 0.90 and 0.95, not presented i n  t h i s  paper, a l s o  show no 
interact ions.  

Although da ta  a t  
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I n  f igures  4 and 14 the  all-movable horizontal  t a i l  i s  shown t o  
provide e f fec t ive  longi tudinal  control over the  t e s t  Mach number range 
up t o  a t  l e a s t  a l i f t  coeff ic ient  of 0.8. 

Lateral  and Directional S t a b i l i t y  
6 

The variat ion of the l a t e r a l - s t a b i l i t y  der ivat ives  with Mach number 
i s  shown i n  figure 15 f o r  the  model with and without tai ls  f o r  angles of 
a t tack  of Oo and 5 O .  The model with t a i l s  exhibited posi t ive e f fec t ive  
dihedral  and was d i rec t iona l ly  s table  over the Mach number range f o r  t he  
two angles of a t tack .  Increasing the angle of a t tack  from Oo t o  5' had 
no appreciable e f fec t  on the  l e v e l  of e f fec t ive  dihedral or di rec t iona l  
s t a b i l i t y .  

'Lateral Control 

Di f fe ren t ia l  roll control deflection 6, of -4' was obtained by 
s e t t i n g  the  right-hand surface of the horizontal  t a i l  at  -2' and the  
left-hand surface of t he  horizontal  t a i l  a t  2'. 
i ieflections were e f fec t ive  i n  producing r o l l i n g  moment, and the  control 
effect iveness  remained e s sen t i a l ly  constant over the  t e s t  Mach number 
range for angles of a t tack  of OD and go, as shown i n  f igure  16. 

These d i f f e r e n t i a l  

Directional Control 

The rudder w a s  e f fec t ive  i n  producing yawing moment f o r  angles of . 
a t t ack  of 0' and go, as shown i n  figure 16; however, t he  rudder effec- 
t iveness  C a t  M = 1.20 was reduced t o  one-half the  subsonic value. 

This loss  of rudder effectiveness occurred a t  both angles of a t tack .  
nfjr 

I n  f igure  17 the  var ia t ion  with Mach number of t he  parameter 
Cnga/czga, t he  r a t i o  of yawing moment t o  r o l l i n g  moment produced by d i f -  

f e r e n t i a l  def lect ion of t he  horizontal  ta i ls ,  i s  presented f o r  angles of 
a t t ack  of Oo and 9'. 
t es t  Mach number range by the  model a t  the  two angles of a t tack,  but 
these monents may be objectionabiy large, especial ly  above EL Mach number 
of 1.00. 
reduced by moving the horizontal  t a i l  v e r t i c a l l y  upward or  by adding a 
vent ra l  f i n .  

Favorable yawing moments are indicated over t he  

If the  yawing moments a r e  objectionably large they can be 



An invest igat ion w a s  performed i n  the Langley 8-foot transonic 
pressure tunnel t o  determine the  s t a b i l i t y  and control charac te r i s t ics  
at  transonic speeds of a scale model of a supersonic t a rge t  drone. 

The r e s u l t s  indicated t h a t  the complete model was longi tudinal ly  
and l a t e r a l l y  s table  through the angle-of-attack range, angle-of-sideslip 
range, and Mach number range of t he  t e s t s .  

The all-movable horizontal  t a i l s  provided ef fec t ive  longi tudinal  
control and t h e i r  d i f f e r e n t i a l  def lect ion provided ef fec t ive  l a t e r a l  
control f o r  the  control-deflection range of the t e s t s .  The rudder pro- 
vided effect ive d i rec t iona l  control but a t  the highest t e s t  Mach number 
of 1.20 i t s  effectiveness decreased t o  approximately one-half the  sub- 
sonic value. 

For the  control  def lect ions t e s t ed  no control  in te rac t ion  problem 
was indicated except f o r  t h e  poss ib i l i t y  t h a t  the  favorable yawing moments 
created by d i f f e ren t i a l ly  def lect ing the  horizontal  t a i l s  might be objec- 
tionably la rge .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va . ,  November 18, 1960. 



Fuselage : 
Length, i n  . . . . . . . . . . . . . . . . . . . . . . . . .  38.54 
Maximum f ron ta l  area including wing. sq i n  . . . . . . . . .  7.65 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  11.93 
Base area. sq i n  . . . . . . . . . . . . . . . . . . . . . .  0.29 

Wing: 
Area (including fuselage) , 
Span, i n  . . . . . . . . .  
Mean aerodynamic chord, i n  
Aspect r a t i o  . . . . . . .  
Tip chord. i n  . . . . . .  
Root chord. i n  . . . . . .  
Taper r a t i o  . . . . . . .  
Dihedral. deg . . . . . .  Leading-edge sweep. deg . 
Incidence. deg . . . . . .  
Airfo i l  section . . . . .  

s q f t  . . . . . . . . . . . . . .  0.39 . . . . . . . . . . . . . . . . .  13.82 . . . . . . . . . . . . . . . . . .  4.80 . . . . . . . . . . . . . . . . .  3.42 . . . . . . . . . . . . . . . . .  1.02 . . . . . . . . . . . . . . . . .  7.07 . . . . . . . . . . . . . . . . .  0.14 . . . . . . . . . . . . . . . . .  11.31 . . . . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . . . .  0 
3-percent-thick slab-sided with a i r f o i l -  

type leading edge and symmetrical- 
wedge t r a i l i n g  edge 

Horizontal t a i l :  
Area (including fuselage). sq i n  . . . . . . . . . . . . . .  12.24 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  7.53 
Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . .  1.74 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  4.63 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . .  0.88 
Root chord (fuselage center l ine) .  i n  . . . . . . . . . . .  2.37 . a T e r r p t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.37 
Ai r fo i l  section . . . . . . . .  Modified 3.7-percent-thick hexagon 
Sweep of 50-percent-chord l ine.  deg . . . . . . . . . . . .  -1.75 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . .  -1.50 

8.08 

m 

Distance from 0.25 wing E t o  0.25 ta i l .  E. measured 
parallel t o  fuselage reference l ine.  i n  . . . . . . . . .  

Vert ical  tai l :  
Area (including fuselage) . 
Span. i n  . . . . . . . . .  
Mean aerodynamic chord. i n  
Aspect r a t i o  . . . . . . .  
Tip chord. i n  . . . . . .  
Root chord. i n  . . . . . .  
Taper r a t i o  . . . . . . .  
Air fo i l  section . . . . .  

sq i n  . . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  

. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  
Modified 

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  
>percent-thick 

Leading-edge sweep. deg . . . . . . . . . . . . . . . . . .  
Distance from 0.25 wing E t o  0.25 t a i l  E. measured 

pa ra l l e l  t o  fuselage reference l ine.  i n  . . . . . . . . .  

18.34 
4.64 
4.28 
1.17 
2.00 
5.91 
0.34 

50 
hexagon 

9.25 

fiudder : 
Area (behind hinge l i n e ) ,  sq i n  . . . . . . . . . . . . . .  0.85 
Effective span. i n  . . . . . . . . . . . . . . . . . . . . .  1.80 
Hinge l ine.  percent of chord . . . . . . . . . . . . . . .  89 
Sweep of hinge l ine.  deg . . . . . . . . . . . . . . . . . .  23.82 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  0.55 

0.110 Effective t i p  chord. i n  . . . . . . . . . . . . . . . . . .  
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TABLE 11.- WING AIRFOIL COORDINATES 

I 
y2 

x7 
percent c 

0 .oo 
9 25 
50 

9 75 
1.00 
1.50 
2 .oo 
2.50 
3.00 
4 .OO 
5 .oo 
7 *50 
10 .oo 
12.50 
15 .oo 
17 50 
20 .oo 
22.50 
25 .oo 
26 .og 
69 -57 
75 978 
100.00 

y17 
percent c 

-0.013 
- .011 
- .009 
- .008 
- ,007 
- .006 
- .005 
- .003 
- ,002 
0 
.001 

.008 

.010 

.012 

.014 

,005 

.013 

.015 
,015 
.015 
.015 
.014 
.001 

y2 

0.013 
.015 
.015 
.015 
.015 
,015 
.015 
.015 
.015 
,015 
.015 
,015 
.015 
.015 
.015 
.015 
.015 
.015 
.015 
.015 
.015 

percent c 

,014 
.001 
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Lif t  coefficient,CL 

(a) M = 0.30 and 0.80. 

Figure 4.- Longitudinal characteristics of the model with horizontal-tail 
deflections and without vertical or horizontal tails. 
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. Figure 4. - Continued. 
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Figure 4.- Concluded. 
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Figure 5.- Longitudinal charac te r i s t ics  of the  complete model with and 
without wing leading-edge droop. 
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Figure 6.- Aerodynamic characteristics of the complete model with and 
without differential deflection of the horizontal tail. 
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