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SUMMARY
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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 modelq?avinggg
interdigitated tails. The static stability of the inline conf%guratiqn
is less than for the interdigitated, particularly above Mach nupber 1}25
and through the transonic range. The damping factor is quite ggmilarﬂ

for both configurations. Control effectiveness 1s considerablxﬂgreat&r
for the inline configuration, the greatest increase occurring tﬁroughﬁthe
transonic range. Trim normal-force coefficient per unit wing-@eflection
angle for the inline conflguration is about three times as larég as tﬁat
for the interdigitated model. The hinge moments measured for the intgr-
digitated configuratlon were substantiated by the date for theéinlinei

configuration.
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As part of a flight-test program being conducted by the Léngley
Pilotless Aircraft Research Division of the NACA on missiles haging
cruciform, triangular wings and tails, a second dynamic model hs beeq
flight-tested. The horizontal wings of the model were controllable in
a square-wave pattern to induce pitching oscillations from whigh longq—
tudinal stability and control characteristics were obtained. e
present model was ldentical to the first, reported in referencd 1, ex$pt

that the tail fins were oriented in line with the wings instea ofﬁbe g
interdigitated. TN
— e
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} SYMBOLS
- . normal-force coefficient assumed equal to 1ift coefficient

' for small angles of attack Normel force

_f' _ 5
Oy . pitching-moment coefficient Pitcmng_mment)

. gSc
chr - " hinge-moment coefficient <Hinge ’foment)

_ aSc
I . ? moment of inertia in pitch, slug-feet2
q dynamic pressure, pounds per square foot
S exposed area of two wing penels, 3.21 square feet
c mean aerodynemic chord of exposed wing, 1.572 feet
Cp wing chord at wing-fuselage Juncture
a angle of attack, degrees
8 angle of pltch, degrees
o) wing~deflection angle, positive when leading edge 1s up,

degrees

m mass of model, slugs
M Mach number
v velocity, feet per second
P period of short-period longitudinal oscillation, seconds
Tl/e time to demp oscillation to one~half emplitude, seconds
Cmq + Cm& damping factor
Subscripts:
sodaE

at av
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dt 2v

Subscripts used with coefficients indicate partial derivatives. All
angles are in degrees and angular velocltles 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 formed of 0.06k-inch-thick T55-T dural skin stiffened
with bulkheads and strengthened with a heavy forged center-body and tail
section of 24S-T dural. The wings and tails were forged and machined,
respectively, of oLST dural. The model was ballasted to have the same
center-of-gravity location as the interdigitated model.

Originally intended for & zero-lift drag investigation, the models
were adapted by the NACA to accommodate s wing-pulsing mechanism in order
to obtain data on the dynemic characteristics of the model. The wing-
deflection angles employed in the tests were limited to small values owing
to structural limitations of the models., The wing-deflection angle of
the current model veried between £0.8° et Mach number 1.5 and +1.2° at
Mach number 0.65. For the previously reported interdigitated model, the

wing deflection varied between.il.5° at Mach number 1.5 and £1.8° at Mach
number 0.75. The physical characteristics of both-models are given in
table I.

The model was launched from a rail launcher st an elevation of 500.
It was boosted by an ABL Deacon rocket motor of 19,800 pound-seconds
impulse to a Mach number of about 1.0, whereupon the model separated from
the booster and the internal rocket motor of T200 pound-seconds impulse
accelerated it to & Mach number 1.55.

Doppler radar provided a velocity history of the model for the
first 10 seconds of the flight, whereafter wveloclty was obtained from
the ratio of the total pressure to the static pressure. Static pressure
throughout the flight was obtained from radiosonde messurements in con-
Junction with displacement redar messurements of the flight path. The
model was equipped with an NACA eight-channel telemeter. Measurements

e
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were made of normal, transverse, and longitudinal acceleration of the
angle of attack, hinge moment, wing-deflection angle, total pressure, and
static pressure. .

The method of reducing the telemeter dats is reported in detall in
reference 2. Briefly, the telemeter data were recorded in the form of
time histories of a series of damped oscillatlons from which measure-
ments were made of the gerodynamic quantities. The period P of the
oscillations was obtained directly from the record. The time to damp to
one-half emplitude was obtained analytically from the rate of decay of

the short-period oscillation. The static stability derivative Cmm and

the damping factor. C, + Cm& were obtained considering two degrees of
a _

freedom by the following relationships:

o oI Eme . (0:693\° (1)
"o gsz| 02 \Ti/e
2 I 1.386 mv ’
Cp + Cp. = —2— —=clCr - el 2
my T Pmg, T 573 mEEl:LQ' T /a2 q_S] (2)

The value of (a/ﬁ)trim was obtained from the measured trim values of «

C
and 8. The equabion g (2) was used to evaluate Cp . Trim

normal-force coefficient per wing-deflection angle (?Ns)t . was
rim

obtained using the increment in the trim values of Cx § between
rim

successive values of 5trim'

RESULTS AND DISCUSSION

The aerodynamic information provided by the flight test of the :
subject test vehicle 1s presented in figures 3 to 9. Comparative curves
for the interdigitated model previously flown and wind-tunnel test points
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transferred to the center of gravity of the flight models are salso given
whenever possible. The Reynolds number, based on the mean aerodynamic

chord, varied from 5.7 X 106 at Mach number 0.65 to 17 X lO6 at Mach
number 1.55. The telemeter functioned continuously for the duration of
the flight, but an unexplainable sudden shift in the angle-of-attack
record during internal rocket firing affected the usefulness of subsequent
angle~-of -attack deta during periods of repidly changing angle of attack.
Trim values of angle of attack were satisfactorily recorded however. As

a consequence, direct determination of the lift-curve slope CLm was not

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 avallable and the previously megsured values of Chm and Chs.

The method is discussed under the section entitled "Hinge Moments." The
method is not appliceble to substantistion of normael-force derivatives
becguse unlike hinge-moment derivatives, they are different for the inline
and interdigitated cases.

Stebility 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 number are shown

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

lated from the foregoing values of period snd time to damp to one-half
amplitude for an average wing-deflection sngle of l.lo, is shown In fig-
ure 4. In both models the center of gravity was located at 50.8 percent
of the mean serodynsmic chord. The inline configuration was stable
throughout the Mach number range, although less steble than the inter-
digitated configuration, particularly above Mach number 1.25 and in the
transonic range. Wind-tunnel test points (references 3 and %) shown at

Mach numbers 1.5, 0.9, and 0.7 for a = 8 = 0° 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. Thé 4° change of wing-
deflection angle reported in reference 4 changed Cmm at appjy from

-0.019 at & = 0° to -0.076 at & = 4°. Even the small wing-deflection
angle of 1.5° was enough to double the static stebility of the flight
test model reported in reference 5. Linear interpolation of the wind-
tunnel test points for a wing-deflection angle of 1.5° gives a value

wfTa
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of Cmg 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 CmOL because of the higher dynamic pressure
of the flight tests. .

The variation of the damping factor Cmq + Cm& with Mach number is
shown in figure 5. Equation (2) was used to obtain Cmq + Cm&' In the

ebsence of flight-test values of CLa for the inline configuration, the

previously determined flight-test velues for the interdigitated tall con-
figuration were used.  Since there are indications (references 3 and [y
that the subsonic and transonic lift-curve slopes are greater for the
interdigitated than for the inline configuration, the values of Cmq + Cm&

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 then at subsonic Mach numbers and a peak gt trensonic
Mach numbers. The increase in demping of the inline configuration at

Mach number 1.35 reflects the decreased time to damp shown in figure 3.

Control Effectlveness

The variation of control effectlveness as measured by the parem-

eters Cm6 and (a/8)ypqy 15 shown in figures 6 and 7. Both configure-

tions maintained control effectiveness throughout the Mach number range
but displayed decreasing control effectiveness above the transonic range.
The parameter (a/&)trim for the inline configuration is considerably

larger than for the interdigitated configuration owing largely to increased
c

m.

Cmﬁ' The equation ——a—é = (%)

) trim
indicates their interdependence. It can be seen that the decreased static
stability of the iInline configuration also contributes to the increased
(a/8)gpim- In the test vehicle, Cpg for this center-of-gravity location

is due almost entirely to tall 1ift creeted by downwash from the deflected
wing. Hence, eny variation in the downwash pattern would have a strong
effect on Cmﬁ' Therein lies a partial explanation of the greater con-

which relates the itwo parameters

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

S
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between the interdigitated fins having little effect on Cma, whereas

the inline configurstion would be sensitive to the downwash even at low
wing-deflection sngles. Wind-tunnel values of (a/8)ipqp &nd Cm6

transferred to the center of gravity of the test models are given in the /
figures. All wind-tunnel date were based on 4° wing deflection while the
flight test wing-deflection angles averaged 1.60° for the interdigitated
case and 1.10° for the inline configuration. The larger velues of Cms

of the wind-tunnel results over flight-test results for the Interdigitated
configuration tend to substantiate the foregoing explsnation of tail
effectiveness. For the inline configuration, the wind-tunnel values of
Cmﬁ agreed very well with flight-test results at Mach number 1.5 but

were low at subsonic Mach numbers. Wind-tunnel values of (“/a)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 deta indicated
very high values of (a/8)ynq, for the inline configuration owing ‘o

the low static stability. The variation of (CNS)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 (Cmﬁ)trim with
f

the characteristic increase through the transonic range.

Hinge Moments

Direct determination of Chm and Ch8 was not possible for the

subJect model without complete angle-of-attack informastion; however, an
indirect method was devised. The equation Chtrim = atrimphm + atrimpha

was solved using the measured ai,.qy, and strim and the previously

determined values (reference 1) of Chm and Chﬁ' The result was then

compared with the measured value of Cht . glving excellent agreement
rim

and substentiating the validity of the component dsta. Figure 9 shows
the hinge-moment derivatives from reference 1 which were used in the
calculations., Also shown are the measured and predicted values of
(Ch)trim_ indicating the excellent agreement obtained.
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CONCLUSIONS

Flight tests at low wing~deflection angles of the tail inline con-
figuration of the test missile indicate less static stability than for
the interdigitsgted configuration, particularly above Mach number 1.25
and at transonic Mach numbers. The demping factor Cmq + Cm& is similar

for both configurations, the inline configuration exhibiting slightly
lower damping below Mach number 1.35. Control effectiveness indicated
by the parameters Cm6 and (a/a)trim is considerably greater for the

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 gbout three times as large as for the inter~
dlgitated model with the chsracteristic increase through the transonic
range. The hinge-moment derivatives for the inline case were the same

as for the interdigitasted case.

Langley Aeronautical Laboratory
Nationel Advisory Committee for Aeronautics
Langley Field, Va,
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TABLE T

NACA RM L51J17

PHYSICAL CHARACTERISTICS OF INLINE AND INTERDIGITATED CONFIGURATIONS

Inline

subject model

Weight, 1b:
Load.e d ” L] . L - L] L] L ] [ ] L] . L] L ] . L] . .
Internsl rocket motor expended . . . . .

Center-of-gravity location, station:
Load.ed L] . L] [ ] . . . L] . - L] L] L L] a L] .
Internal rocket motor expended . . . . .

Center-of-gravity location, percent M.A.C.:

Loaded L] . . . . . L . « . L] L] L] . a [ ] .
Internal rocket motor expended . . . . .

Moment of inertie in pitch, sustainer motor

expended, Slug-fta « 8 & e o « * = .

Wing hinge line, percent M.A.C. exposed wing

Wing penel area, exposed, sq ft . . . . .
Tail panel area, exposed, sq ft . . . . .

Mean aserodynamic chord of exposed wing
Panel, ft . . L) . L] L [ ] L . . L] L [ ] L .

Wing thickness ratio . « ¢« « o« ¢ o ¢ & o &

Tail thickness ratio . « ¢« ¢« ¢ ¢ ¢ ¢« ¢ o @

Wing-deflection angle, deg . . . . . . 10.8

333.5
292.5

107.2

1.605
0.637

1.572
. 0.0k

. 0.03

to 1.2

Interdigitated
(reference 1)

342
301

112.0

43
1.605
0.637

1.572
0.04

0.03

1.5 to #1.8

NHAGA



Figure l.- Photograph of subject model.
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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 serodynamic chord for both models.
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Figure 5.~ Variation of damping factor with Mach number for inline
and interdigitated tall configurations.
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Figure 6.~ Variation of Cpg with Mach number for inline and
interdigitated tail configurations.
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(a) Hinge-moment varistion with Mach number from previous flight test
substantiated by current f£flight test.
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(b) Measured and predicted trim hinge moment for inline tail
configuration.

Figure 9.- Variation of hinge moments with Mach number.
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