
i n '  u 
Y 

SUPERSONIC lllVESTIGATION O F  THE LIFT, 

DRAG, STATIC STABILITY, AND KZNGE-MOMENT 

CRr2RACTEWTICS OF A ROCKET-POVrJERED MODEL 

ey Aeronautical Laboratqr'y 
: , + Langley Field, Va. A , * 7 , *  ,",. 

- 
I ---- 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
September 28, ' 1956 

Restriction/Classification 
Cancelled

https://ntrs.nasa.gov/search.jsp?R=19690093428 2020-03-16T23:55:34+00:00Z



o n  o r n  n ,, 
n o r  , - - -  - nn o n  n n p -  - 

A free-f l ight  investigation was made t o  determine the l i f t ,  drag, 
s t a t i c  s t ab i l i ty ,  and hinge-moment characteristics of a rocket-powered 
model of a bal l is t ic-missi le  configuration at  supersonic speeds. The 
model consisted essent ia l ly  of a body of fineness r a t i o  16.9 and a 
cruciform s e t  of small 600 del ta  f ins  located approximately 1 body 
diameter from the base of the body. The model was aerodynamically pulsed 
( i n  p i tch)  by two of the f ins .  Drag polars, normal-force and hinge- 
moment coefficients,  and s t a t i c  s t a b i l i t y  were determined over a Mach 
number range of 1'.6 t o  2.1. Axial-drag and side-force coefficients were 
obtained over a Mach number range of 1.6 t o  2.8. 

The model l i f t  and pitching-moment coefficients were nonlinear with 
angle of attack. The method of NACA ResearchMemorandum L52D22 sat isfac-  
t o r i l y  estimated the components of l i f t  a t  zero angle of attack. S ta t i c  
s t a b i l i t y  increased with angle of attack and normal-force coefficient but 
decreased a t  zero angle of attack with increasing Mach number, and was  
indicated t o  be zero a t  a Mach number of approximately 3.1 fo r  a center- 
of-gravity location a t  0.46 body length. The f i n  aerodynamic center w a s  
a t  0.49 mean aerodynamic chord of the exposed f i n .  The model experienced 
combined pitch, yaw, and r o l l  motions and crossed the s t a b i l i t y  boundary 
associated with a ro l l ing  missile. 

INTRODUCTION 

The b a l l i s t i c  rocket-propelled missile, while inherently a simple 
aerodynamic configuration, poses a complex s t a b i l i t y  and control problem 
because of the great variation i n  f l i g h t  conditions engendered by the 
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-. requirement th&krthe missife h&$& -;i'%iif icireht range '&d$&ility. Two or - - - - 
more stabilization and control systems in one missile are frequently used -1* . - 
to insure successful flight in a rapidly changing environment. However, 
if the acceleration at take-off is sufficiently high and the trajectory 
is entirely within the atmosphere (dynamic pressure 2 10 lb/sq ft), the b 

use of aerodynamic fins alone may be satisfactory, depending on the degree 
of aerodynamic heating and the matching of aerodynamic-center and center- 
of-gravity variations with Mach number and flight time, respectively. 

The purpose or the present investigation was to deteI%Ilne the lift, 
drag, static stability, and hinge-moment characteristics of a missile 
configuration having a long run of boundary layer ahead of small 600 delta 
stabilizing fins. The model was flight tested over a range of Mach num- 
ber from 1.6 to 2.8 at the Langley Pilotless Aircraft Research Station at 
Wallops Island, Va. After separation from the booster, the model was 
pulsed (in pitch) by two of the fins, and the basic aerodynamic parameters 
were determined from the response of the model to the tail deflections. 

an ~ 1 %  normal-force coefficient, - - 
g q 

"Y w/sB side-force coefficient, - - 
g q 

cx ax ~ 1 %  axial-force coefficient, - - 
d. = - g' 

I,' 
v 

C~ - resultant transverse-force coefficient, JcN2 + cY2 - 
C~ I lift coefficient, CR cos aR + CX sin aR 

CD drag coefficient, -CX cos C~R + CR sin aR 

I$. 
pitching-moment coefficient about the center of gravity, - 

ss, ., ' I '  .-= 
Ch fin hinge-moment coefficient, - 

qSFS 
- 'I., 
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a,, a,,, a, normal, lateral, and 'axial accelerations, respec~ively, 

acceleration due to gravity, 32.2 ft/sec2 

dynamic pressure, lb/sq ft 

hinge moment of one fin about its hinge line, ft-lb 

M Mach number 

W weight of model, 177.2 lb during first coast period and 
131.0 lb during second coast 

a angle of attack at model center of gravity, deg 

?F angle of attack at fin, deg 

P angle of sideslip at model center of gravity, deg 

% resultant angle of inclination, ,/a2 + p2, deg 

d rolling velocity, radians/sec 

'6 angular acceleration in pitch, radians/sec2 

6 - - horizontal fin deflection from body center line, deg 
P' W , l  
T model moment o ch about center of gravity, 

50.0 slug-ft2 during first coast period and 44.2- slug-ft2 
during second coast 

SB body maximum circular cross-sectional area, 0.27 sq ft 



SF exposed area of one horizontal f i n ,  O,l8 sq f t  

d body maximum diameter, o ,58 ft 

- 
c exposed mean aerodynamic chord of a horizontal f i n ,  0.52 f t  

X, Y, Z missile body axes (see f i g .  1) 

MODEL 

A drawing of the model is  shown i n  figure 2 and photographs of the 
model a re  presented i n  figures 3, 4, and 5 .  Contour ordinates of the nose 
a re  l i s t e d  i n  table  I. The configuration had a body of revolution of 
fineness r a t i o  16.9 and four small 60' del ta  t a i l  f i n s  mounted i n  a cruci- 
form arrangement on the body a t  approximately 1 body diameter from the 
base of the body. The r a t i o  of the maximum diameter of the body t o  the 
t a i l  span was 0.433. The f i n  a i r f o i l  section was a beveled f l a t  p la te  of 
4-percent maximum thickness. The t r a i l i n g  edge of the ve r t i ca l  f i n s  was 
extended 0.47 inch rearward t o  accommodate the telemeter antenna. 

The two horizontal f in s  were f r e e  t o  ro ta te  about separate hinge 
l ines .  The hinge l ine  f o r  the l e f t  f i n  was located a t  0.65 of the exposed 
mean aerodynamic chord and the r igh t  f i n  a t  0.55. The two f i n s  were 
s t a t i c a l l y  balanced about t h e i r  respective hinge l ines  and f r ee  t o  ro ta te  
between stop set t ings of approximately 2.4O and -1.7O. To insure tha t  the " 

two separately hinged f i n s  would move off the stops approximately i n  uni- 
son, a crossover yoke was used which permitted 0.50 re la t ive  movement 
between the two f i n s .  The yoke did not in te r fere  with the measurement of 
the separate hinge moments during the time the f i n s  were against the stops. 
Each stop was an integral  par t  of a cantilever-beam system used t o  measure 
the f i n  hinge moments. The s t i f fness  of the individual hinge-moment beams 
was designed t o  give approximately equal additional f i n  deflections f o r  
the maximum hinge moments expected during the f l i g h t  t e s t .  

The model was of metal construction. A sustainer rocket motor was 
carr ied inside the fuselage i n  addition t o  a telemeter with angle-of- 
attack, angle-of-sideslip, pressure, hinge-moment, and accelerometer 
instruments. Because of the presence of the rocket motor the acceler- 
ometer instruments near the model center of gravity protruded somewhat 
beyond the 7-inch body diameter. Fairings were u s e d t o  enclose these 
instruments. The model was externally boosted by the simultaneous f i r i n g  
of the two Deacon rockets shown i n  figure 5 ,  



Some hinge-moment data we 
most of the data were obtained 

t a i l  f i n s  each time the l i f t  on the f i n s  reversed direction. A more com- 
plete  description of t h i s  technique i s  given i n  reference 1. 

The quantit ies measured by the telemeter system were normal, longi- 
tudinal,  and l a t e r a l  accelerations; angles of attack and s idesl ip;  hinge 
moments; and t o t a l  pressure. Total pitching moment was measured by the 
difference i n  reading of two normal accelerometers located a distance 
apart .  The velocity obtained from a CW Doppler radar s e t  (corrected f o r  
wind velocity) was used i n  conjunction with tracking radar and radiosonde 
data t o  calculate Mach number, Reynolds number, and dynamic pressure. 
Ground rollsonde equipment operating with the directional telemeter 
antenna s ignal  from the model indicated the model ro l l ing  velocity. The 
variation of the free-stream Reynolds number per foot  of length and 
dynamic pressure with Mach number is  shown i n  figure 6 (a ) .  There was a 
coasting period before and a f t e r  the period of f l i g h t  with sustainer 
power on. The ranges of the maximum angles of attack, induced s ides l ip  
angles, and ro l l ing  velocities are  shown i n  figure 6(b) .  The method of 
data reduction was similar t o  tha t  used i n  reference 2. 

ACCURACY AND CORRECTIONS 

The Mach number i s  estimated t o  be accurate t o  f l  percent. Errors 
i n  aerodynamic coefficients can a r i se  because of dynamic-pressure inaccu- 
racies,  which are  approximately twice as large as the error  i n  Mach num- 
ber. Thus a l l  coefficients have a probable error  of a t  l e a s t  +2 percent. 
The maximum absolute accuracy of a telemetered quantity obtained from a 
single instrument i s  usually be t t e r  than 2 percent of the t o t a l  calibrated 
instrument range. The probable error  i s  approximately 1 percent. Refer- 
ence 3 indicates the accuracy tha t  can be expected of a typical flow 
indicator working without the telemeter apparatus. An additional source 
of inaccuracy i n  the f i n a l  resu l t s  may be the induced s idesl ip  and ro l l ing  
motions. 

Measurements obtained from the flow indicator were corrected fo r  
pitching and yawing velocities and f o r  fl ight-path curvature. Position 
corrections were made t o  measurements obtained from the norrnzl, l a t e r a l ,  
and longitudinal acce1erometers.mounted near the center of gravity of the 
model. 
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The probable errors  are estimated t o  be l e s s  than the following .I 

I possible limits of accuracy: 
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~ o s f ; ?  t h e  &a were obtained during the. f Frst z c o & t ~ ~ ~ i o 8 :  jl-" - : ' ' - 
Shortly a f t e r  the sustainer motor f i red ,  large-amplitude oscillati&&-l:  . 
occurred i n  rol l ing velocity. Estimates based on the charts of refer&'!- 
ence 4 indicated tha t  the s t a b i l i t y  boundary f o r  the ro l l ing  model was 
crossed. The variation of the angles of attack and s ides l ip  became 
irregular  and the pulsing of the t a i l  f i n s  was e r ra t i c .  After burnout 
of the rocket motor, the model rol led s teadi ly a t  22 t o  13 radians'per 
second and the angles of attack and s ides l ip  reduced t o  near-zero values. 
The f ins  stopped pulsing with the l e f t  f i n  a t  approximately 2.40 se t t ing  
and the r ight  f i n  apparently hung up against the crossover yoke. By 
using figure 7 it i s  possible t o  explain the excessive model rol l ing.  
The deflections of the l e f t  and r ight  f i n s  became s l igh t ly  different  
from each other as the angle of attack increased i n  absolute magnitude. 
The model therefore received small pulses i n  r o l l  as well a s  pulses i n  
pitch. However, it is  a lso  possible that a similar pat tern of motion 
might have occurred even with ident ical  deflections of the l e f t  and r ight  
f ins ,  since it is known that ro l l ing  moments due t o  combined angles of 
attack and s ides l ip  and aerodynamic asymmetry of the ta i l  deflection would 
s t i l l  exis t .  

Drag 
, ,-!#,7 .>- 3A 

a 8 7wL*g 1 vL- 

The axi'ai drag-coefflcien~ data obtained independently from a high- 
-range accelerometer and from one having a lower range are presented i n  

L f igure 8, as a function of Mach number for  angles of at tack near zero and 
absolute values of s idesl ip angle approximately equal t o  o r  l e s s  than f7'. 
The values from the two accelerometers are  i n  excellent agreement. Data 
points between Mach numbers of 2.11 and 2.55 (obtained during the second 
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coast period) are not presented. These data were unexplainably higher 
O by approximately an increment of 0.03. The data show that the coeffi-  

cient. -CX decreased l inearly with an increase i n  Mach number. The 

b .  dashed curve was obtained by extrapolation of the drag polars presented 
i n  figure 9 for  the additional condition of zero s idesl ip angle. This 
curve i s  s l igh t ly  lower than the axia l  drag curve obtained fo r  the model 
a t  small angles of s idesl ip.  

Figure 9 shows tha t  the axia l  drag coefficient increased approxi- 
mately l inearly with the resul tant  transverse-force coefficient CR for  
constant values of supersonic Mach number. A t  higher values of CR 

(beyond the t e s t  range) a decrease i n  axia l  drag coefficient would be 
expected, since f o r  an angle of incl inat ion of go0 the axia l  drag coeffi- 
c ient  f o r  the model must be close t o  zero. A comparison of the drag of 
the f in le s s  model of reference 2 with the t o t a l  drag determined f o r  the 
present t e s t  model indicates tha t  the body contributes approximately 
75 percent of the t o t a l  drag a t  a Mach number of 1.76. 

The variation of the drag-due-to-lift parameter A C ~ / C ~ ~  with 

resul tant  angle of attack (not presented) w a s  similar t o  that shown i n  
figures 8(b)  and l l ( b )  of reference 5 f o r  the body and body-fin models, 
respectively, of tha t  investigation. That is,  the parameter AC C 2 D l  L 
decreased s l igh t ly  with increasing angle of attack. This decrease is 
probably caused by an increase i n  l i f t  effectiveness of the body with 
increasing angle of attack. 

Force Characteristics J 

Figures 10, 11, and 12 present the normal-force, side-force, and 
force-curve-slope parameters, respectively. In  figure 10 the correction 
necessary t o  convert measured CN values t o  values of CN corresponding 

t o  constant t a i l  sett ings of 2.41° and -l.70° (see f i g .  7)  is shown t o  be 
negligible f o r  a Mach number of 2.08. Therefore the data points a t  the 
other Mach numbers of 2.01, 1.90, 1.76, and 1.71 were not similarly 
corrected. The variation of the normal and side-force coefficients with 
angle of inclination i s  nonlinear. The force-curve slopes C N ,  and -Cyg 

- 
increase with a and p, respectively. 

Figure 12 shows tha t  values of CNa and -Cyg determined at zero 

angle of inclination are approximately of equal magnitude. From t h i s  com- 
parison it appears tha t  the accelerometer instrument fair ings located on 
the top and bottom of the body were not significantly effective i n  pro- 
ducing additional side force. The force-curve slopes 

a and - c y ~  are 
i n  good agreement with the theoret ical  estimates made by the method of 



reference 6. For Mach numbers greater than approximately 2.1, the 
experimental curve r i s e s  several percent above the theoret ical ,  The 
l i f t  effectiveness of the t a i l  i s  also presented i n  figure 12. By using 
the method of reference 6, the variation with Mach number of the l i f t  on 
the exposed t a i l  panels due t o  angle of a t tack ( C ~ a ) t a i l  panel loading 
and due t o  t a i l  deflection (CNB) tail panel loading was calculated, and 

a comparison i s  made with the experimental resu l t s  obtained indi rec t ly  

from the hinge-moment determinations of Cha and ) The agree- 

ment i s  good. However, values of AC A6 obtained from the curves of 
N/ 

f igures 10 and 13 appear t o  be too low, since the t a i l  l i f t  contribution 
determined i n  th i s  manner includes the additional l i f t  on the body due 
t o  t a i l  deflection. This discrepancy may be pa r t ly  due t o  the inaccuracy 
of the data indicated by the sca t te r  of the slope values plot ted i n  f i g -  
ure 12. 

Pitching Moment and S ta t i c  S tab i l i t y  

The pitching-moment character is t ics  of the model are presented i n  
figures 1 3  and 14. A n  adjustment was made t o  the data corresponding t o  a 
Mach number of 2.08 t o  account f o r  the e f f ec t  on Cm of the small 

increase with angle of attack of the t a i l  deflection (shown i n  f i g .  7 ) .  
Since the correction was found t o  be negligible, the data fo r  Mach num- 
bers of 2.01, 1.90, 1.76, and 1.71 were not similarly adjusted. A non- 
l inear  variation of the pitching-moment coefficient with both angle of 
attack and normal-force coefficient i s  evident. Figures 13 and 14 indi-  
cate t h a t  the s t a t i c  s t a b i l i t y  of the model increases with increased 
angle of attack and normal-force coefficient.  Figure 15 fur ther  shows 
tha t  f o r  zero angle of a t tack the aerodynamic center moved forward 
rapidly with an increase i n  Mach number. Calculations based on the 
method of reference 6 were i n  good agreement with the experimental values. 
The s t a t i c  s t a b i l i t y  i s  indicated t o  be zero a t  a Mach number of approxi- 
mately 3.1 f o r  a center-of-gravity location a t  0.46 body length 
(s ta t ion  54.4). 

Hinge-Moment Characteristics 

Figure 16 shows the hinge-moment data obtained from separate measure- 
ments of the l e f t  and r igh t  f i n s  which were hinged a t  0 . 6 5 ~  and O.35i;: 
(exposed), respectively. The measurements f o r  the r ight  f i n  a t  a deflec- 
t ion  of -1.70' were i n  er ror  and are  not presented. The coefficients are  
plot ted against values of angle of attack which were corrected for  posi- 
t ion  er ror  back t o  the f i n  location on the body rather than t o  the center- 
of-gravity location of the model. The variation of the measured hinge- 
moment cokfficients with ang approximately l inear  but 



ineludes some effect of tail-se-tting variation rr2"ch angle of attacli 
(fig, 7) and some effect of rolling. The basic data of figure 16 were 
used in the preparation of figures 17 and 18, In the determination of 
the hinge -moment parmeter 

c h F  
the variation of the tail deflection 

with angle of attack was taken into account. Values of xh/A6 were 

obtained from hinge moments measured during boost of the model at zero 
angle of attack. The parameters C and ACh A6 generally decrease 

h% I 
L 

with increasing Mach number. A comparison is made at a Mach number of 
1.72with hinge-moment data reported in reference 7 for the Hermes missile 
configuration which also had small 60° delta stabilizing fins mounted at 
the end of a relatively shorter body than the present test configuration. 
The Hermes values adjusted to hinge lines of 0.65: and O.55E are lower, 
in general, than the present-test values. Figure 18 shows that the fin 
aerodynamic center corresponding either to angle-of-attack loading or 
tail-deflection loading is at approximately 0.49EJ and in good agreement 
with the results of reference 7. 

SUMMARY OF RESULTS 

Results obtained from a flight test of a finned ballistic-missile 
configuration at supersonic speeds lead to the following observations. 

1. Lift and pitching-moment coefficients were nonlinear with angle - 
of attack. The method of NACA Research Memorandum L52D22 satisfactorily 
estimated the components of lift of the body-tail configuration at zero 
angle of attack. 

2. Static stability increased with angle of attack and lift but 
decreased at zero angle of attack with increasing Mach number. At a 
Mach number of approximately 3.1, for a center-of-gravity location at 
0.46 body length, the static stability at zero angle of attack was indi- 
cated to be zero. 

3. The fin aerodynamic-center location was at 0.49 mean aerodynamic 
chord of the exposed fin. 

4. The model in experiencing combined pitch, yaw, and roll motions 
crossed the stability boundary associated with a rolling missile. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., July 11, 1956. 
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TABLE I.- CONTOUR ORDINATES OF NOSE 

Station, 
in. from nose 

0 
.06 
.12 
.24 
.48 
73 

1.22 
2.00 
2.45 
4.80 
7.35 
8.00 
9.80 

12.25 
13.12 
14 37 
14.70 
17 15 
19.60 
22.05 
24.50 
23.00 

Body radius, 
in. 

0.17 
.18 
.21 
.22 
.28 
35 

.46 

.64 
73 

1.24 
1.72 
1.85 
2.15 
2 .50 
2.61 
2-75 
2.78 
3 . O 1  
3.22 
3.38 
3-50 
3-50 

i 



I Hinge tines 

Figure 1.- System of axes. Arrows indicate positive directions, 
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(a) Reynolds number and dynamic pressure. 

Figure 6. - Flight-test conditions. - 
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(b) Range of angle of attack, sideslip, and roll rate. 

Figure 6.- Concluded. . 
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*e 7.- Typical variation of tail setting with angle of attack. Mach 
nwaber, 2.01; first coast period. 
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Figure 9.- Drag at lift, based on maximum circular cross-sectional.area 
of body. First coast period. 
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(a) First coast period. 

Figure 11.- Side-force coefficient based on maxirmnm circular cross- 
sectional area of body. 



(b) Power-on period. 

Figure 11. - Continued . 



(c) Second coast period. 

Figure 11.- Concluded. 
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(a) Left fin; hinge l ine  a t  0.655. 

Figure 16. - Fin hinge-moment coefficients based on f i n  area. F i r s t  
coast period. 
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(b) Right finj hinge line at 0.55E. 

Figure 16. - Concluded. 
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Figure 17.- Hinge-moment-coefficient slope due to angle of attack and 
incremental hinge-moment coefficient per unit fin deflection. Coeffi- 
cients based on fin area. 
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Figure 18. - Aerodynamic center of f i n  panel. 

NACA - Langley Field, Va. 






