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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

FREE- FLIGHT INVESTIGATION OF LONGITUDINAL STABILITY 

AND CONTROL OF A ROCKET- PROPELLED MISSILE 

MODEL HAVING CRUCIFORM, TRIANGULAR, 

INLINE WINGS AND TAILS 

By James R. Hall 

SUMMARY 

A rocket - propelled missile model having cruciform, triangular, 
inline wings and tails has been flight - tested through the Mach number 
range of 0 . 65 to 1.55 at small wing- deflection angles. The Reynolds 

number, based on the mean aerodynamic chord, varied from 5 . 7 X 106 at 

Mach number 0 . 65 to 17 X 106 at Mach number 1 .55 . The results are pre ­
sented and compared with results from a previously flown model having 
interdigitated tails . The static stability of the inline configuration 
is less than for the interdigitated, particularly above Mach number 1.25 
and through the transonic range . The damping factor is quite similar 
for both configurations . Control eff ectiveness is considerably greater 
for the inline configuration, the greatest increase occurring through the 
transonic range. Trim normal - force coefficient per unit wing-deflection 
angle for the inline configuration is about three times as large as that 
for the interdigitated model . The hinge moments measured for the inter ­
digitated configuration were substantiated by the data for the inline 
configuration . 

INTRODUCTION 

As part of a flight-test program being conducted by the Langley 
Pilotless Aircraft Research Division of the NACA on missiles having 
crUCiform, triangular wings and tails, a second dynamic model has been 
flight - tested . The horizontal wings of the model were controllable in 
a squar e -vlave pattern to induce pitching oscillations from which longi ­
tudinal stability and control characteristics were obtained . The 
present model was identical to the first, reported in reference 1, except 
that the tail fins were oriented in line with the wings instead of being 
interdigitated . 
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normal -force coefficient assumed equal to lift coefficient 

(
Normal force) for small angles of attack qS 

(
Pitching_moment\ pitching-moment coefficient! 

qSc / 

hinge -moment coefficient (Hinge ~oment~ 
qSc / 

2 
moment of inertia in pitch , s lug- feet 

dynamic pressure , pounds per square foot 

exposed area of two wing panels , 3 .21 square feet 

mean aerodynamic cho rd of exposen wing, 1 .572 feet 

wing chord at wing - fuselage juncture 

angle of attack, degrees 

angle of pitch , degrees 

wing -deflection angle , positive when leading edge is up, 
degrees 

mass of model, slugs 

Mach nllIIlber 

velocity, feet pe r second 

period of short - period longitudinal oscillation, seconds 

time to damp oscillation to one - half amplitude , seconds 

damping factor 

~-.~~-~~--~ ~-.--------
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Subscripts used with coef f i cients indicate partial derivatives . All 
angles are in degrees and angul ar velocities are in degrees per second . 

MODELS AND TEST PROCEDURE 

A photograph of the subject model is given in figure 1. Dimensions 
of the model are given in figure 2 • • The model was identical to the inter ­
digitated configuration reported in reference 1 except for the inline 
tails . 

Dural construction was used throughout) except for the brass nose . 
The fuselage was f ormed of 0 . 064- inch- thick 75S - T dural skin stiffened 
vli th bulkheads and strengthened with a heavy forged center - body and tail 
section of 24s - T dural . The wings and tails were forged and machined) 
respective l y) of 24s -T dural . The model was ballasted to have the same 
center - of- gravity location as the interdigitated model . 

Originally intended for a zero - lift drag investigation) the models 
were adapted by the NACA to accommodate a wing- pulsing mechanism in order 
to obtain data on the dynamic characteristics of the model . The wing ­
deflection angl es employed in the tests were limited to small values owing 
to structural limitations of the models . The wing- deflection angle of 
the current model varied between ±O .80 at Mach number 1 . 5 and fl . 20 at 
Mach number 0 . 65 . For the previously reported interdigitated model) the 

"..,ring defl ection var i ed between ±1.5° at Mach number 1.5 and ±1.8° a t Mach 
number 0 .75 . The physical characteristics of both models are given in 
tabl e I. 

The model was launched from a rail launcher at an elevation of 50°, 
It was boosted by an ABL Deacon rocket motor of 19)800 pound- seconds 
i mpulse to a Mach number of about 1 . 0) whe r eupon the model separated from 
the booster and the i nternal rocket motor of 7200 pound- seconds impulse 
accele r ated i t t o a Mach number 1 . 55 . 

Doppler r adar pr ovided a velocity history of the model for the 
first 10 seconds of the flight ) whereafter velocity was obtained from 
the r atio of the total pre ssur e to the static pressur e . Static pressur e 
thr oughout the flight was obtained from radiosonde measurements in con­
junction with displacement radar measur ements of the flight path . The 
model was equipped with an NACA eight - channel telemeter . Measurements 
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wer e made of normal~ transverse ) and longitudinal acceleration of the 
angl e of attack) hinge moment ) wing -deflection angle ~ total pressure) and 
static pr essur e . 

The method of reduc i ng the telemeter data is reported in detail in 
r efer ence 2 . Bri efly ) the telemeter data were recorded i n the form of 
time historie s of a se r ies of damped oscillations from which measure ­
ments were made of the aerodynamic quantities . The pe r i od P of the 
oscillations was obtained directly from the record . The time to damp to 
one -half amplitude was obtained ana+ytically from the rate of decay of 
the shor t -period osc i l l ation . The static stabil ity derivative C~ and 

the damping factor C
mq 

+ Cmu were obta ined conside r ing t wo degrees of 

freedom by the fol l owing relationships : 

ClIlu (1) 

(2 ) 

The value of (a/o) . was obtained from the measured trim values of a 
t r lID 

C 
and O. The equation - mo = ( ~ ) was used to evaluate Cm13 . Trim 

CIDa 5 trim 

normal - force coefficient per wing-deflection angle (CN \ was 
" 0 ) trim 

obta ined using the increment in the trim values of C between Ntrim 
successive values of 0trim ' 

RESULTS AND DI SCUSSION 

The aerodynamic information provided by the flight test of the 
subject test vehicle is presented in figu r es 3 to 9. Comparative cur ves 
fo r the interdigitated model previously flown and wind- tunnel te s t points 
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transferred to the center of gravity of the f light models are also given 
whenever possible. The Reynolds number , base d on the mean aerodynamic 

chord, varied from 5 . 7 X 106 at Mach number 0 . 65 to 17 X 106 at Mach 
number 1.55 . The telemeter functioned cont i nuously for the duration of 
the flight , but an unexplainable sudden shift in the angle-of-attack 
record during internal rocket firing affected t he usefulness of subsequent 
angle -of- attack data during periods of rapidly changing angle of attack. 
Trim values of angle of attack we r e satisfactorily reco r ded however. As 
a consequence, direct determination of the lift - curve slope CL was not a, 
possible . A method was devised to verify the hinge -moment derivatives 
of the previous flight on the basis of the limited angle of attack infor­
mation available and the previously measured values of Cha, and Chao 

The method is discussed under the section entitled "Hinge Moments." The 
method is not applicable to substantiation of normal - force derivatives 
because unlike hinge -moment derivatives, they are different for the inline 
and interdigitated cases. 

Stability and Damping 

The variation of the period P of the short -period oscillation and 
the time to damp to one -half amplitude Tl / 2 with Mach numbe r are shown 

in figure 3. It should be noted that these values are associated with 
-~he particular conditions prevailing during the flight of the subject 
model . The variation of static stability Clla, with Mach number, calcu-

lated from the foregoing values of period and time to damp to one-half 
amplitude for an average wing-deflec~ion angle of 1 .10 , is shown in fig­
ure 4. In both models the center of gravity was located at 50.8 percent 
of the mean aerodynamic chord . The inline configuration was stable 
throughout the Mach number range, although less stable than the inter­
digitated configuration, particularly above Mach number 1 .25 and in the 
transonic range . \-lind- tunnel test points (refer ences 3 and 4) shown at 

Hach numbers 1.5, 0 . 9, and 0 . 7 for a, = a = 00 also indicate a loss of 
stability for the inline configuration, particularly at subsonic Mach 
numbers . 

The wind - tunnel results of reference 4 and the flight-test results 
of reference 5 indicate an appreciable increase in the supersonic static 
stability for the inline configuration when trimmed with the wing deflec ­
ted over that obtained with the wing undeflected . The 40 change of wing­
deflection angle reported in reference 4 changed Clla, at ~rim from 

- 0.019 at 5 = 00 to -0 . 076 at 5 = 4°. Even the small wing -deflection 
angle of 1.50 was enough to double the static stability of the flight 
test model reported in reference 5. Linear interpolation of the wind­
tunnel test points for a wing- deflection angle of 1.50 gives a value 
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of C~ very close to that reported for the flight test of reference 5 . 
Quantitative wind - tunnel information at subsonic speeds is not available 
at appropriate angles of attack and wing deflections other than zero, 
although , as indicated above, such information should give better agree ­
ment between the static stability reported by wind tunnel and the subject 
flight test . Aeroelastic effects of the tail would be expected to cause 
lower flight test values of Cmu because of the higher dynamic pressure 
of the flight tests . 

The variation of the damping factor Cmq + Cmu 

shown in figure 5 . Equation (2 ) was used to obtain 

with Mach number is 

Cm + Cm. , In the 
q a.. 

absence of flight - test values of for the inline configuration, the 

previously determined flight - test values for the interdigitated tail con­
figuration were used . Since there are indications (r~ferences 3 and 4) 
that the subsonic and transonic lift - curve slopes are greater for the 
interdigitated than for the inline configuration, the values of Cmq + Cma 

as determined from the present tests may be somewhat conservative . 
Damping is maintained throughout the test Mach number range . Like the 
interdigitated configuration , the inline configuration exhibits less 
damping at supersonic than at subsonic Mach numbers and a peak at transonic 
Mach numbers . The increase in damping of the inline configuration at 
Mach number 1 . 35 r efl ects the decrea.sed time to damp shown in figure 3. 

Control Effectiveness 

The variation of control effectiveness as measured by the par am­
eters Crno and (a../o)trim is shown in figures 6 and 7 . Both configura.-

tions ma.intained control effectiveness throughout the Mach number range 
but displayed dec r easing cont r ol effectiveness abov e the t r ansonic range . 
The parameter (a../O)t. fo r the inline configuration is ,considerably rlrn 
larger than for the interdigitated configuration owIng largely to increased 

Cm 
Cm~ ' The equation __ ~ _ ( a..) 

u Cm - "5 t rim 
a.. 

which relates the two parameters 

indicates their interdependence . It can be seen that the decreased static 
stability of the inline configuration also contributes to the increased 
(a../o)trim · In the test vehicle, Cmo for this center -of- gravity location 

is due almost entirely to tail lift created by downwash f r om the deflected 
wing . Hence , any va r iation in the downwash pattern would have a strong 
effect on Cmo . Therein lies a partial explanation of the greater con-

trol effectiveness of the inline configuration . For the small wing deflec ­
tions employed it was possible for the main downwash disturbance to pass 

/ 
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the inline configuration would be sensitive to the downwash even at low 
wing- deflection angles . Wind -tunnel values of (a!6)trim and Cmo 
transferred to the center of gravity of the test models are given in the 
figures . All wind- tunnel data were based on 40 wing deflection while the 
flight test wing-deflection angles a~eraged 1 . 600 for the interdigitated 
case and 1.100 for the inline configuration . The larger values of Cmo 
of the wind - tunnel results over flight-test results for the interdigitated 
configuration tend to substantiate the foregoing explanation of tail 
effectiveness. For the inline corJiguration, the wind-tunnel values of 
Cmo agreed very well with flight -test results at Mach number 1 . 5 but 

wer e low at subsonic Mach numbers . Wind - tunnel values of (a!o)trim at 

Mach number 1.5 were higher than flight -test results for both configura­
tions, but were indicative of the much higher control effectiveness of 
the inline configuration . At subsonic speeds the wind-tunnel dat a indicated 
very high values of (a!6)trim for the inline configuration owing to 

the low static stability. The variation of (CN6 )trim with Mach number 

is shown in figure 8. The higher control effectiveness of the inline 
configuration is indicated by a 300 -percent increase in (CN) with 6 trim 
the characteristic increase through the transonic range . 

Hinge Moments 

Direct determination of and waS not possible for the 

subject model without complete angle -of -attack information; however, an 
indirect method was devised . The equation Ch , , = ~rimCh + 6trlll1, Ch -~rlm a 0 
was solved using the measured ~rim and 6trim and the previously 

determined values (reference 1) of and The result wa s then 

compared with the measured value of Ch , giving ~xcellent agreement 
-L;rim 

and substantiating the validity of the component data . Figure 9 shows 
the hinge -moment derivat,ives from reference 1 which were used in the 
calculations . Also shown are the measured and predicted values of 
( Ch ) , indicating the excellent agreement obtained. 

trlm 
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CONCLUSIONS 

Flight tests at low 'ding- deflection angles of the tail inline con­
figuration of the test missile indicate less static stability than for 
the interdigitated configuration, particularly above Mach number 1.25 
and at transonic Mach numbers . The damping factor Cmq + Cma, is simila.r 

for both configurations, the inline configuration exhibiting slightly 
lower damping below Mach number 1 . 35 . Control effectiveness indicated 
by the parameters Cm and (ajo)t . is considerably greate r for the o rlm 
inline than for the interdigitated configuration . A marked increase in 
effectiveness occurs through the transonic range for the inline configura­
tion . Trim normal - force coefficient per unit wing-deflection angle for 
the inline configuration is about three times as l arge as for the inter­
digitated model with the characteri stic inc r ease through the transonic 
range . The hinge -moment derivatives for the inline case were the same 
as for the interdigitated case . 

Langley Aeronautical Laboratory 
National Advi sor y Committee fo r Ae r onautics 

Langley Field, Va . 
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PHYSI CAL CHARACTERISTICS OF INLINE AND INTERDIGITATED CONFIGURATIONS 

I nline 
subject model 

Weight , lb : 
Loade d . 
Internal r ocket motor expended 

Cente r-of - gravity location, stati on: 
Loaded .... . ... ... . . 
Inter nal rocket motor expended . . 

Center -of - gr avity location, percent M.A.C.: 
Loaded . . . . . . . . . . . . 
Inter nal rocket motor expended • . . . • . 

Moment of inertia in pitch, sustainer motor 
2 expended, slug-ft 

Wing hinge l ine , percent M.A. C. exposed wing 

Wing panel area, exposed, sq ft 

Tail panel area, exposed, sq ft 

Mean aerodynamic chord of exposed wing 
panel, ft 

W~ng thickness ratio 

Tail thickness ratio 

333·5 
292 .5 

75.7 
71.3 

74 . 4 
50.8 

107 .2 

43 

1 .605 

0.637 

1.572 

0.04 

0.03 

Wing- deflection angle, deg to.8 to t1. 2 

Interdigi tated 
(reference 1) 

342 
301 

75 .8 
71.3 

74.9 
50.8 

112.0 

43 

1.605 

0.637 

1.572 

0.04 

0.03 

±1.5 to t1.8 
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Figure 2.- General arrangement of test vehicle . All dimensions are 
in inches. 
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Figure 3.- Variation of period and time to damp to one-half amplitude 
with Mach number . 
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Figure 4.- Variation of static stability with Mach number of inline and 
interdigitated tail configurations . Center of gravity at 50 .8 percent 
mean aerodynamic chord for both models. 
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Figure 5. - Variation of damping factor with Mach number for inline 
and interdigitated tail configurations . 
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Figure 7.- Variation of (a/5)trim with Mach number for inline and 

interdigitated tail configurations . 
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Fi gure 8.- Variation of with Mach number for inline 

and interdigitated tail configurations . 
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(a) Hi nge - moment variation with Mach number from previous flight test 
substantiated by current flight test . 

. 024 

.020 

.0/6 

.012 

.004-

o 

- .004 

- .OOB 

-.012-
.~ 

........... 
r-.. 

........ ~ -.... 

\~ 
II 

-- Measured 

- --Predlckd 

~~ 
1,\ 

\ 

,\ 
II 
\ -

If ~ 

I 
"'-..... 
~ 

I '"'" ~ F---t--

\ 
\)) 

~-
I I I 

.7 .8 .9 1.0 /.I /.j!. 1.3 /.4 /..5" 

M 

(b) Measured and predict ed tr im hinge moment for inline tail 
configuration . 

Figure 9.- Variat i on ' of hinge moments with Mach number . 
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