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ABSTRACT

An investigation has been conducted in the Langley Unitary Plan
wind tunnel of the aerodynamic loads and the static longitudinal and
lateral stability of a missile-booster combination and its various

components. The Reynolds number range of the test was 2.4 x 106 to

2.9 X 106. Included are some effects of various controls and separately
measured loads on wing, tip aileron, rudder, booster, booster separating
surface, booster fin, and booster yaw and pitch thrust chambers.
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MEMORANDUM 5-30-59L

AN INVESTIGATION OF A 0.05-SCALE MODEL OF THE

XSM-64A NAVAHO MISSILE AND BOOSTER

PART I - FORCE STUDY AT MACH NUMBERS
FROM 1.77 TO 3.51°

By James D. Church and Nancy L. Taylor
SUMMARY

An investigation has been conducted in the Langley Unitary Plan
wind tumnel to determine the aerodynamic loads and the static longitud-
inal and lateral stability of a 0.05-scale model of the XSM-64A Navaho
missile and booster and its various components. Tests were conducted
through a Mach number range of 1.77 to 3.51 with a corresponding Reynolds

number range of 2.4 X 106 to 2.9 X 106. Results are presented for an
angle-of -attack range of -8° to 4° for the missile-booster combination
and -10° to 10° for the missile-alcne configuration. Tests for both
configurations were conducted through an angle-of-sideslip range of -89
to 8°. Also presented are some effects on the model characteristics of
the deflection of various components including canard, tip aileron,
vertical stabilizer, speed brakes, and booster pitch and yaw thrust
chambers. The various components on which loads were measured include
the wing, tip aileron, rudder, booster, booster separating surface,
booster fin, and booster yaw and pitch thrust chambers. These data are
presented without analysis.

INTRODUCTION

An investigation was conducted on a 0.05-scale model of the XSM-6L4A
Naveho missile and missile-booster combination in the Langley Unitary
Plan wind tunnel. This configuration represents & surface-to-surface
missile intended for long-range supersonic operation within the atmosphere.
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The system is initially boosted to a Mach number M of approximately

3.5 by a liquid-rocket package suspended beneath the missile. After

the missile separates from the booster, a cruise flight at M = 3.2 1is
provided by the missile's ram-jet engines. Upon reaching the target area,
the missile dives (with speed brakes extended) at approximately M = 1.8.

The purpose of the present investigation was to determine the total
forces acting on the missile and the portion of these loads carried by
the booster and the various model lifting and control surfaces. Data
for the missile-booster combination were obtained &t Mach numbers of 2.29,
2.75, 3.22, and 3.51 for angles of attack from -8° to 4°, Missile-alone
measurements were made at Mach numbers of 1.77, 2.75, and 3.22 for angles
of attack from -10° to 10°. The angle-of-sideslip range for both of these
configurations was -8° to &°.

The results presented consist of the separate forces and moments
measured on models of the missile, booster, and various component parts
of both the missile and booster. Included are some effects of deflection
of the missile canard, aileron, rudder, and the booster thrust chambers.
In addition, several model modifications were examined. These results
are presented without analysis.

The force results presented herein are augmented by a report on
pressure-distribution measurements already cbtained for the same model
configurations. (See ref. 1.) Included in this reference are pressures
measured on one of the booster thrust chambers with and without the jet
simulator.

SYMBOLS

In general, all data are referred to tle body axes illustrated in
figure 1(a). However, the three pitch compcnents of the missile balance
(presented about the body axes for lateral tests) are referred to the
wind axes (fig. 1(b)) for the pitch tests. A statement of the location
of the various moment reference points is ccntained in the section
entitled "Presentation of Results." Table 1 lists the areas and lengths
upon which the coefficients are based and figure 2 gives additional per-
tinent information and indicates the locaticn of the various reference
centers.

A base area of thrust chambers, sq ft
b span of surface, in.
Cy model total normal-force coefficient, FN/qSW
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base axial-force coefficient

cavity axial-force coefficient

model total axial-force coefficient, FA/qSW

model total pitching-moment coefficient, My /[qSidy

model total rolling-moment coefficient, MX/qubw

model total yawing-moment coeff%cient, MZ/qubw

model total side-force coefficient, FY/qu

model total 1ift coefficient (wind axis), FL/qSW
missile internal (two ducts) drag coefficient (wind axis)

model total drag coefficient (wind axis), FD/qu

model total pitching-moment coefficient (wind axis), MYw/quEw

(Fw)w
missile-wing normal-force coefficient, -—E;-————
W
q<2 )exp
missile-wing pitching-moment coefficient, (MY)W
o3, )
2 /Jexp exp
(e w

missile-wing bending-moment coefficient,
<?W> ( )
4 2
2 exp exp
(My)a

aSxCp

missile-aileron hinge-moment coefficient,



missile-vertical-stabilizer normal-force coefficient,

(FY)R
a5R

missile-vertical-stabilizer hinge-moment (yaw) coefficient,
(Mz)R

aSgeR

missile-vertical-stabilizer bending-moment coefficient,
("R

95gPR

booster normal-force coefficient at missile pitch center,
(FN)B

aSy

booster axial-force coefficient at missile pitch center,

(Fa)s
aSy

booster pitching-moment coefficient about missile pitch center,

aSycy
(Fx)s
booster-separation-surface normal-force coefficient,
aSg
(Mx)s
booster-separating-surface bendirg-moment coefficient,
aSgPg

(Fn)r

booster-fin normal-force coefficient,

qSF
()
booster-fin pitching-moment coefficient, —
aSFCF
(Mx)r
booster-fin bending-moment coefficient,
Wpdy
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Ch,YT

Cy,yT
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booster-pitch-thrust-chamber normal-force coefficient,
(Fx)pr
gA
boost;r—pitch—thrust—chamber hinge-moment coefficient,
(™ )pp

ghD
booster-pitch-thrust-chamber yawing-moment coefficient,
(Mz)pr
qAD
(Fy)pr
booster-pitch-thrust-chamber side-force coefficient, ———7r——
Q
(Fx)yr
booster-yaw-thrust-chamber normal-force coefficient, ——jZ——
Q
booster-yaw-thrust-chamber pitching-moment coefficient,
(My)yr
qAD
(Mz)yp
booster-yaw-thrust-chamber hinge-moment coefficient, ——ZE—-
q
(Fy Jyr
booster-yaw-thrust-chamber side-force coefficient, vy
Q

mean aerodynamic chord of surface, in.
base diameter of thrust chambers, in.

force normal to chord plane of surface or axis of component, 1b
force along missile X-axis (fuselage reference line), 1b

force perpendicular to normal plane of surface or axis of
component, 1b

force along Z,-axis, 1b

~—



My

Myw

m/mg

T

force alone Xy-axis, 1b

free-stream Mach number

moment about Y-axis passing through model, surface, or
component pitch center, in-1b

moment about X-axis of model or root chord of surface, in-1b

moment about Z-axis passing through model, surface, or
component pitch center, in-lb

moment about Yy-axis, in-lb

mass-flow ratio based on free-stream conditions and inlet
capture area

free-stream dynamic pressure, lb/3q ft

Reynolds number based on Cy

surface area, sq ft

angle of attack referred to missile-fuselage reference line
(parallel to wing chord plane), deg

angle of sideslip referred to missile center line, deg

angle of aileron relative to missile wing chord plane, deg

angle of canard surface relative to missile-fuselage reference
line, deg

angle of vertical stabilizer reletive to missile center line,
deg

angle of speed brakes relative tc missile-fuselage reference
line, deg

angle of booster pitch thrust chembers relative to axis shown
in figure 2(h), deg

angle of booster yaw thrust chamter relative to axis shown in
figure 2(h), deg

~



Subscripts:

W missile wing (total surface)

exp indicates exposed portion of a surface
A missile aileron

R missile vertical stabilizer

B complete booster

S booster separating surface

F booster fin

PT booster pitch thrust chamber

YT booster yaw thrust chamber

MODEL AND APPARATUS

The tests were conducted in both the low and high Mach number test
sections of the Langley Unitary Plan wind tunnel. This tunnel is of the
variable-pressure, return-flow type with test sections measuring 4 feet
square and approximately 7 feet long. Mach number may be varied contin-
uously from approximately 1.5 to 2.9 and 2.3 to 4,7 in the low and high
Mach number test sections, respectively, by means of asymmetric, sliding-
block nozzles.

Details of the model are shown in figure 2 and the geometric char-
acteristics are given in table I. Photographs of the model are presented

in figure 3.

The missile configuration (see fig. 2(a)) was comprised of a canard
surface mounted on an ogival nose section, a pair of side-mounted nacelles
faired to the body and containing the model inlet and duct systems, a
midwing affixed to the sides of the nacelles 0.10 inch below the body
center line, and a single all-movable vertical stabilizer mounted on
top of the rear of the fuselage.

The fuselage was circular in cross section from the Von Karman nose
ogive rearward to the inlets. From the -10° canted inlets aft, the cross
section was & blend of the circular body and the side-mounted nacelles
as shown in the upper half of figure 2(b). Control surface and wing
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airfoils were 3.5 to 4 percent thick and modified biconvex in section.
All surfaces were swept 0° at the 50-percent-chord line and were set at
zero dihedral angle except the canard which was at an angle of 15°.
Canard, vertical stabilizer, and wing plan forms were trapezoldal. The
wing panels had triangular-shaped tip ailercns affixed to their out-
board ends.

The booster configuration consisted of a conical nose faired to a
cylindrical afterbody with two conical segments, separating surfaces
located about midway along the afterbody, arnd rear-located stabilizing
fins as illustrated in figures 2(a) and 2(b).

The booster fuselage was circular in cross section along its entire
length. Mounted externally along the cylindrical afterbody were several
simulated structural longerons. The phase c¢f the tests involving nozzle
measurements employed three nozzles affixed to the rear portion of the
booster as shown in figure 2(h). Also illustrated in this figure are
several modifications to these nozzles, referred to as bug-eye and shroud
fairings. The jet simulator shown in this figure was not a part of the
basic model but was incorporated in an atterpt to determine the effects
of flow through the nozzle. (See ref. 1.)

The booster was suspended beneath the riissile by a balance that
measured booster forces and moments. ILocated well forward between the
missile and booster was an A-frame. (See f:g. 3(a).) This A-frame was
so mounted that there was no interference irvolved in the booster balance
measurements.

A six-component balance was mounted in the missile to obtain total
forces and moments. The forces and moments on the other components were
measured by means of individual strain-gage instrumentation as listed in
the following table:

Component Forces and moments measured

Missile wing « « « « « « « . Normal force, pitching moment, and
bending moment

Aileron .« « « ¢« ¢« « + . . Hinge momen-.

Vertical stabilizer. . . . . | Normal force, yawing moment, and
bending moment

Booster . . . . . . . . . . Normal forec:, axial force, and pitching
moment

Separating surface . . . . . Normal forc:: and bending moment

Fin . . « + « « « « « +« + . | Normal force, bending moment, and
pitching moment

Pitch and yaw thrust chambers| Normal force, pitching moment, yawing
moment, and side force

—



S 9

The main balance of the missile was attached to the central tunnel
support system by means of various stings as illustrated in figure 2(1).
A rotary coupling and the central tunnel support system were employed
to obtaein varying angles of attack simultaneously with varying angles of
sideslip.

TESTS

Tests were made of the missile-booster combination and the missile-
alone configurations through an angle-of-attack range from about -8° to
4O and -10° to 10°, respectively, at approximately 0° angle of sideslip.
At angles of attack of approximately O° and i5o, tests were conducted
on both configurations for an angle-of-sideslip range from about -8° to
8°. All basic model tests were made with a canard deflection of 0°.

Tests which were made to determine the effect of deflection of the
missile canard surface on the various component loads (and the canard-
control effectiveness) utilized deflections 8e of +5°, and in some
cases *10°, Effects of the missile wing-tip aileron were determined by
tests conducted at aileron deflections &g of +10°, 20°, and, for the
missile-booster combination, 500. Missile rudder settings &, of 59,
10°, and 15° were employed to determine the effects of this surface.
Determination of the effects of missile speed-brake deflection (SSB) was

accomplished by tests made at deflections of 109, 30°, and 50°. The
effects of booster-thrust-chamber deflection were obtained at settings
of -10° and 5° for the pitch nozzle (BPT) and 8° for the yaw nozzle (dyT) -

Average test conditions of Mach number, stagnation and dynamic pres-
sures, and Reynolds number are as follows:

Stagnation pressure, Dynamic pressure,

M 1b/sq in. abs 1b/sq Tt Reynolds number
1.77 9.5 548 2,74 x 106
2.29 11.1 476 2.39
2.75 17.1 518 2.90
3.22 20.4 419 2.69
3.51 25.9 416 2.92

Stagnation temperature was maintained at 150° F for all Mach numbers
except 1.77 for which it was 125° F. The Reynolds number is based on
the mean aercdynamic chord of the wing.

..
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The use of sting mounting arrangements other than the basic arrange-
ment (sting A) (see fig. 2(i)) was necessary because the tests to deter-
mine the effects of missile rudder deflection (stings C and D) utilized
a remotely controlled motor which entirely filled the missile cavity nor-
mally occupied by the basic sting and also because the portion of the
investigation incorporating the booster thrust chamber required the use
of sting B to avoid shock interference with the chambers, which would
have resulted with the use of the basic sting. Table II is presented
to facilitate the identification of which tests were conducted with the
various sting arrangements.

Tests were made to determine the effects of various added components
such as an A-frame, located between the missile and booster, and the
following booster nozzle modifications: bug-eye fairings, shrouds, and
a jet simulator.

CORRECTIONS AND ACCURACY

No corrections have been applied to the data to account for stream
angularity or buoyancy, inasmuch as the calibration of the test sectioms
had not been completed at the time of the tests. However, final calibra-
tion results show that, although no measurable buoyancy exists, a correc-
tion should have been applied to the angle in the vertical plane of the
test section. The corrections for Mach numters of 1.77, 2.29, 2.75 3.22,
and 3.51 have been found to be 0.45°, 0.35°, 0.25°, 0.10°, and 0.105,
respectively. Inasmuch as the model wings were alined with the tunnel
vertical plane at zero angles of sideslip, cnly those angles (o and B)
presented at B # O are in error.

The maximum deviation of local Mach nurber in the portion of the
tunnel occupied by the model was +0.015 for all but the two highest Mach
numbers, where the deviation was +0.035. Tte angles of attack and side-
slip have been corrected for deflections of the balance and sting under
loads. The total axial force, before resolition into drag coefficient,
was corrected for base and cavity pressures on both the missile and the
booster. The booster axial force has been corrected for the base and
cavity pressures of the booster only. In acdition, the total piltching
moment (with the booster mounted) has been edjusted to represent free-
stream static pressure acting on the booster base and cavity. A typical
variation of the axial-force coefficient due to the base and cavity pres-
sure for both the missile-booster and the m:ssile-alone configurations
are contained in the results.

The estimated probable accuracy of the measured quantities, based

on individual strain-gage calibrations and experience with repeatability
of the data, is as follows:

3
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Total losds: Booster separating surface:
Cy,» Cp, » ¢ = v o« . . . *0.012 CN,S - 0 14 0} 55
Ca»Cp v v o v o . . . . 20,0010 Cb,S e e e e e e s e . . FO.007
Cmy Cmyw » v 0 0 0 0 0 s +0.002 _
Cy v v v v v v v .. ..x0.0005 BDooster fin:
~ CH.F « ¢ ¢ o v o s o o & +0.015
Ch v+ ¢« « « « + « .+ . . . %£0.0007 ’
ChF « « « « o o o » o« +0.0024
Cy « « ¢« v o« v v« . o . 20.005 c ’ £0.00
b,F + ¢ o o oo o oo 20 5

Missile wing:
CW =+ » « « « « « « .« . *0.021 Booster pitch thrust chamber:
2

+
Co,W « + « « « + « .« . . £0.0022 Cy,pr - - e e e e e e e #0015
Cb W e e e e e e e e 1,0.005 Ch,PT a s+ e 3 & e s s e i0.022
’ CYy,pp « + « + + » + -« %0.012
Aileron: Cn,P‘I‘ e s e o s 4 e » +0.016
Chp » » » + + « + + « « $0.0025
Booster yaw thrust chamber:
Missile rudder: CN,YT e e e e s 4 e . . *0.013
CapR o« v+ e FO032 Cmyn o 0,009
ChR - + + « « » « » « « $0.0025 Cy,yr =« ¢ « ¢ ¢+ o« - —0-811
ChoYT =+ + « « « » « « » 20.017
Cb,R e e e e e e« « . . %0.010 )
Angles:
Booster: Q, dEg « + 4 4 4 . . . . . 20.2
Cy,g)y - -+ - -+ . *0.001 B, dEZ + + v« « 4+ . . . 20.2
ol de . 4 I
Ca,y » «+ - . . . %0.0008 5&) dz o1
C . e e . . . .. %0.001 ey Q€8+ e e e e e 2P
Cm, B Bry, A + . o . 4 .+ . . 0.1

PRESENTATION OF RESULTS

The data obtained on the six-component missile balance are presented
about the body axis except for the pitch tests where the wind axis is
employed. Moment coefficients from this balance were taken about a point
on the fuselage reference line at 6 percent chord of the missile wing
mean aerodynamic chord (0.1 inch above the chord plane and at missile
longitudinal station 33.00).

All other model component results are presented about axes fixed to
the model. Moment coefficients for the 1ifting surfaces were taken about
the root chord points illustratsd in figure 2 (designated as reference
center). Positive bending moments are defined as the results of positive
normal forces. Ioads obtained by the balance supporting the booster

-~
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beneath the missile were measured with respect to the booster axes and
piteh center (booster station 40.22). These forces and moments were
then transferred to the missile pitch center for the presentation.

To facilitate location of the data for any particular configuration,
an abbreviated outline of figure content follows (see also table II):

Figure
Typical schlieren photographs . . . . . e v e e e e e e e e L
Typical base and cavity axial-force and internal drag
coefficients . . . v & v ¢ 4t e i i e e e e e e e e e e e 5
Missile-Booster Combination
Total loads:
Pitch characteristics (wind axis) -
Effect of A=fTAME . . + ¢« v v & v ¢ o o « o o v o o o o o s 6
Effect of canard deflection . . . . . + - ¢ ¢ ¢« o ¢« « « T
Effect of booster noZzle . . v v « v« v « v v o v o o o o s 8
Effect of bug-eye fairing . . . . ¢« . « - ¢ ¢« ¢ v o« ¢ ¢ « 9
Effect of nozzle shrouds . . . . . . . e e e e e e e e 10
Effect of jet simulator e e e e e e e e e e e e 11
Effect of missile aileron actuator housing . . . . . . . . 12
Lateral characteristics -
Effect of A-frame . . . v ¢« ¢ v ¢ ¢ o ¢ ¢« o o « o o o o o 13
Effect of rudder deflection . . . « ¢« v v ¢« v ¢ v o o o o & 14
Effect of booster nozzle . . . . &« v ¢ . ¢ ¢« ¢ ¢ ¢ e 4 e 15
Effect of aileron deflection . . . . . . . . . . .. .. 16
Wing loads:
Pitch characteristics -
Effect of A-frame . . . v ¢ ¢ ¢ ¢ o« « o + o o o o s o o o« 17
Effect of canard deflection . . . v v v+ v +v o o o o o &+ » 18
Effect of aileron deflection . . « ¢ ¢« . ¢« ¢« ¢ ¢« « ¢« o « & 19
Lateral characteristic -
Effect of A-frame . . . & v ¢ ¢ ¢ ¢ ¢ o « o o s s s o o o s 20
Aileron hinge moment:
Effect of aileron deflection . . . . ¢ & @ ¢ ¢ v o v o o o @ 21
Rudder loads:
Lateral characteristics -
Effect of canard deflection . . . . . « . + + ¢« ¢« v ¢« « o« . 22
Effect of rudder deflection . . . v ¢« ¢ & v ¢ ¢ v o o o o 23

“—



Booster loads:
Pitch characteristics -

Effect
Effect
Effect
Effect
Effect
Effect
Effect

of
of
of
of
of
of
of

A-frame .

canard deflection .
booster nozzle . .
bug-eye fairing .

nozzle shrouds . .
Jet simulator . . .
aileron deflection

Booster-separating-surface loads:

Pitch characteristics -

Effect of A-frame . .
Effect of canard deflection .
Effect of aileron deflection

lateral characteristics -

Effect of A-frame . .

Booster-fin loads:

Pitch characteristics -

Effect of canard deflection .
Effect of aileron deflection

Lateral characteristics

Booster~thrust-chamber loads:

Pitch characteristics -

Effect of nozzle deflection .
Effect of bug-eye fairing .
Effect of nozzle shrouds

lateral characteristics -

Effect of nozzle deflection .

Total loads:

Pitch characteristics (wind axis) -

Missile

Effect of canard surface .
Effect of canard deflection .

Effect of speed-brake deflection
Iateral characteristics -
of canard and rudder surfaces

Effect
Effect
Effect
Effect

of canard deflection .
of rudder deflection .
of aileron deflection

——

2k

25
26

27
28

29
30

31
32
35

3L

35
36

37

38
39
4o

b1

L2
4L

L5
L6

48



14 S

Figure
Wing loads:

Pitch characteristics - ]
Effect of canard surf8Ce . v o « + « o « o« o & o o s o o o 49
Fffect of canard deflection . « « « ¢ ¢ ¢« o « o o « o o 50
Effect of aileron deflection . . - « ¢ ¢ « & ¢ o« ¢« o o« o & 51

Iateral characteristics -

Effect of canard and rudder surfaces . . . ¢ ¢ o o & ¢ o 52
Effect of canard deflection . ¢ . ¢« ¢ ¢« o v « o ¢« o o o 53
Aileron hinge moment:
Effect of aileron deflection .« « « v « o « « o o o« « o o o & 5k
Rudder loads:

lateral characteristics -

Effect of canard deflection . . « o« ¢ o« « o o « ¢ o o & @ 55
Effect of rudder deflection . . v v & o o o & « o &+ o = 56

Langley Research Center,
National Aeronautics and Space Administration,
langley Field, Va., March 3, 195G.
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TABLE

I

PHYSICAL PROPERTIES OF THE 0.05~SCALE MODEL OF THE XSM-6LA

D&reas and lengths of all surfaces except the missile wing are based on the exposed portions of the surfaces.

Since the model total force and moment coefficlents are based on total wing area, the exposed area is
listed for reference purposes only for the case of the wing.

single tip aileron}

The aileron area and span are listed for a

Missile Booster
Wing Canard Vertical Separating
Aileron N Fin
surface stabilizer surface
Total Exposed

Area, sq ft . . . . . . . e e e e 1.903 1.056 0.0394 0.130 0.100 0.354 0.0600
SPAN, FL v v 4 e e e e e e e e e e e e e e e e e 2.138 1.562 0.195 0.504 0.39% 1.000 0.267
Mean aerodynamic chord, ft . e .. 1.137 0.589 0.269 0.285 0.263 0.37T4 0.237
Aspect ratic . . . . . . . . . . . e e 2.40 2.31 0.965 1.95 1.56 2.82 1.185
Sweep of S50%-chord line . ., . . . . . . . .. 0 0 o] o] o] o]
Taper ratio . . . . e e e e 0 0 0.285 0.500 0.416 0.u22
Airfoil section perpendicular to S0%-chord line . . L4¥=-thick L%-thick 3, 5%-thick 3.5%=-thick S%-thick 5%-thick
modified modified modified modified modified modified

biconvex biconvex biconvex biconvex hexagonal hexagonal

Dihedral angle, deg . . . . . P .. 0 o] 15 =35 0
Incidence angle, deg e e e e e . o] Variable Variable Variable -3 =10

Fuselage
Fineness Cone angle, Base area, Cavity ares,
ratio deg sq ft sq ft
Missile 7.60 22 0.0575 0.0284
Booster 10.87 28 0.0812 0.0376

¢t



TABLE II

INDEX TO STING ARRANGEMENTS

Sting| M Figure

Missile-booster configuration

.29
25 }5"7: 13, 14, 17, 18, 20, 2k, 25, 31, 32, 3k, 35, 37

WAN OV
I
H

‘55| Same as above; also 16(a), 19(a), 21(a), 30(a), 33, 36

Zz 8-12, 15, 16(b,c), 19(b,c), 21(b,e), 26-29, 30(b,c), 58-41

2.75
C {3.22 }22, 23

o]
N
\N O

Missile-alone configuration

1.77|5, 42-5h

A 2.75 '
5-22 }5’ LLB’ hu’ )4'6"}4‘8) 50) 51; 5.); 5)+
1.77

D 2.75( 1 55, 56
3,22




PROJECTED F
RELATIVE WIND

PROJECTED
RELATIVE WIND j

(a) Body axis.

Figure l.- System of axes. Arrows indicate directions of positive
forces, moments, and angles.
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RELATIVE WIND

(b) Wind axis.

Figure 1.~ Concluded.
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Side view
Missile
, Vertical Tail \
- 5240
_Missile
%____,,__,_,,.“w.
33.00 > Moment Cente/ \
________LL———————_Jl'""*ﬂﬁ_—i\\\\\o

219
\(—__/,/, 50.70 u
_ Booster
Moment Center
Bottom view
Missie — Missile Wing

Booster

Canard  Surface Separating Surface

AN I\

S Y\\JJL )\v [/J
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(a) CGeneral views.

Figure 2.- Sketches of 0.05-scale model of SXM-64LA Navaho missile. All
dimensions in inches.
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Figure 2.- Continued.
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Figure 2.- Continued.
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(d) Missile rudder.
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(e) Speed brakes.

Figure 2.~ Continued.
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Figure 2.- Continued.
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Chamber modifications
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End view

(h) Booster thrust chambers.

Figure 2.- Continued.
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Sting A; missile-booster combination and missile alone.

Sting C; missile- booster combination only.

Sting B; missile-booster combination and missile alone. Sting D; missile alone only.

(i) Sting mounting arrangements.

Figure 2.- Concluded.

&



(a) Missile-booster combination; sting A.

Figure 3.- Photographs of model.
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(c) Booster thrust chambers; sting B.

Figure 3.- Concluded.
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M=275

M=322 M=3.5I

(a) Missile-booster combination; a = 0°; sting A.

Figure 4.- Typical schlieren photographs.

L-59-1866
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(b)

Missile alone; a = o°

b4

e
e

sting A.

Figure L.- Continued.
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Thrust chambers on Thrust chambers with jet simulator

L-59-1868

(c) Missile-booster combination; M = 2.75; a = 0°; sting B.

Figure 4.- Concluded.
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(a) Missile-booster combination.
Figure 5.- Typical variations of axial-fcrce coefficient due to base

and cavity pressures and internal drag coefficient with angle of
attack.
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l (b) Missile alone.

Figure 5.- Continued.
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(c¢) Internal drag coefficient (two ducts) and mass-flow ratio.

Figure 5.- Concluced.
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(a) M = 2.29.

Figure 6.- Effect of A-frame on pitch characteristics of missile-booster
combination. 8¢ = 0°%; B =0.39; sting A.
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VWith A frame
Without A {rame

() M =2.75.

Figure 6.- Continued.
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<

4



*pspnrouc) -*L aandtyg

(P)

"I6TC = W

Q.
o Q
@ - ' J !
% & H» o > @® 5 8 B
N [ ——— T
ARG R A I
IR il ek
Ll L
gmm&nmlm
L
ﬁggﬁ Eﬂl!ﬁﬁliﬁkaﬁzﬂ&&%mm
it it
i i

é!
mm&mmmmﬁmmmm

B
BEmams asaaaa s
5 e e e

gﬂﬂﬂmmmmﬁﬁwm@mw&mmwmm
i 0

i
B
i
|
i
e
ﬂﬁﬁg i
HEEE o
R e R b
e L
ek i i
| A R R o O RS e
s it
i e i
4 SR e i e i
e
ek i i
ﬁ ' HE: Bi
- Rt HER S B I
Oxmmmmmmwm%mﬁg%% B it ﬁm%ﬂ%%mWM§
Q @] { = — — [ —
o P & 8 Lo ™ F 5

LR
!ﬁﬂxlﬂ!ﬂﬁﬂﬁﬂﬂﬁl“ﬁﬂl
S Mt

a1

 SEE

nmmmmmmu

=
=
S
Bt

frid
SRS R
ERE e {io TS YD IR

i

=
EEEE
EEE

ch



(a) M = 2.75; with bug-eye fairing.

Figure 8.- Effect of booster nozzle on pitch characteristics of missile-
booster combination with A-frame mounted. BYT = OO; B = 0.29;

sting B.
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(b) M = 3.22; with bug-eye fairing.

Figure 8.- Contirued.
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(c) M =2.75; with bug-cye and nozzle-shroud fairings.

Figure .- Continued.
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(d) M = 3.22; with bug-eye and notizle-shroud fairings.

Figure 8.- Concluded.
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(&) M =2.75.

Figure 9.~ Effect of bug-eye fairing on pitch characteristics of
missile-booster combination with A-frame mounted. Opp = —lOO;

Byp = 0% B = 0.2°; sting B.
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i e 0O With bug-eye fairing
- {1 9 Without bug-eye fairing
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(b) M =3.22.

Figure 9.- Corcluded.
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(a) M =2.75.
Figure 10.- Effect of nozzle shrouds on pitch characteristics of

missile-booster combination with bug-eye fairing and A-frame
mounted. &pp = 5% Byp = 0% B = 0.2°; sting B.
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(a) M =2.75.

Figure 11.- Effects of jet simulator mounted at rear of rocket nozzle
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on pitch characteristics of missile-booster combination with A-frame
mounted. &pp = -10°; 8yn = 0%; B = 0.2°; sting B.
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With jet sirmulator
Wwithout jet simulator

(b) M =3.2¢.

Figure 11.- Concluded.
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‘With aileron actuator housing
Without ailercn actuator housing

[ =

Figure 12.- Effect of missile alleron actuator housing on pitch charac-
teristics of missile-booster combination with A-frame mounted.
&g = 0°; B = 0.2°; sting B.
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Bl With aileron actuator housing
J Without ailersn actuator housing
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Figure 12.- Concluded.
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v Without A

O With A frame

frame

Figure 13.- Effect of A-frame on lateral characteristics of missile-

booster combination. 8. = 0°; o = -0.3%; sting A.
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{rame
4 frame

(b) M =2.75.

Figure 13.- Continued.
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v RNith A frame
v Nithout A frame

B, deg

(b) Concludei.

Figure 13.- Continued.
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With A {rame
Withoat A frame

(¢} M= 3.22.

Figurc 1%.- Continued.
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(c) Concluded.

Figure 13.- Cont .nued.
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With A {rame
Without A frame

Figure 13.- Continued.
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(d) Concluded.

Figure 13.- Concluded.



B, deg

(&) M =2.29; a = -5.3°,

Figuré 1k.- Effect of rudder defleztion on lateral characteristics of
missile-booster combination with A-frame mounted. Be = 0%; sting A.
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B, deg

(a) Concluded.

Figure k.- Cortinued.



Figure 14 .- Continued.
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B, deg

(b) Conclud:d.

Figure lk.- Con:inued.
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(c) M =2.29; a = 5.2

Figure 1h.- Continued.
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g, deg

(¢) Concluded.

Figure 1h4.- Contimied.
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(@) M =2.75; a = -5.2°.

Figure 14.- Continued.
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g, deg

(d) Concluded

Figure 1k.- Continued.

S



(

e) M =2.75; a = -0.3°

Figure 1k.- Continued.
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(f) M =2.75; a = 5.20.

Figure 14.- Continued.
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B, deg

(g) M =3.22; a = -5.2°,

Figure 14.- Continued.

... — N




76

B, deg

(g) Conclud:d.

Figure 14.- Continued.



(h) M =3.22; o = -0.3°,

Figure 14.- Continued.
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B, deg

(n) Concluded.

Figure 14.- Con-.inued.



B, deg

(1) M =3.22; o = 5.1°.

Figure 14.- Continued.
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Figure 14.- Continued.
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(3) Concludec

Figure 14.- Cont:
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B, deg

(k) M =3.51; a = -0.3°.

Figure 14.- Continued.
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(k) Concludec.

Figure 14.- Continued.



B, deg

(1) M=3.51; a = 5.1°.

Figure 14 .- Continued.
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(&) M =2.75.

Figure 15.- Effect of booster nozzle on lateral characteristics of
missile-booster combination with bug-eye fairing and A-frame mounted.
Spp = 0°; a = -0.3°%; sting B.

 o——



88

g, deg

(a) Concludec..

Figure 15.- Continued.



B, deg

(b) M = 3.22,

Figure 15.- Continued.
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B, deg

(v) Concluded.

Figure 15.- Conclided.
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Figure 16.- Concluded



o] With A frame
v Without A frame

Figure 17.- Effect of A-frame on pitch characteristics of missile wing.

Missile-booster combination; 8, = 0°; B = 0.3% sting A.
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o With A frame
v Without A frame

Figure 17.- Continued.
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Wwith A frame

Without A f{rame i

Figure 17.- Continued.

<A

CoW
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i v Without A frame

Figure 17.- Concluded.

-

Cow

97



(a) M =2.29

Figure 18.- Effect of canard deflection on pitch characteristics of
missile wing. Missile-booster combinution with A-frame mounted;

B = 0.3°9; sting A.
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a, deg

(b) M =2.75.

Figure 18.- Continued.
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(c) M =3.22,

Figure 18.- Continued.
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(d) M =3.51.

Figure 18.- Concluded.
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a, deg

(a) M = 3.22; sting A.

Figure 19.- Effect of aileron deflection c¢n pitch characteristics of
missile wing. Missile-booster combination with A-frame mounted;

8 = 0°; B =0.2°.



S 103

o, deg

{(b) M = 2.75; with missile aileron actuator housing; sting B.

Figure 19.- Continued.
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a, deg

(c) M =3.22; with missile aileron actuator housing; sting B.

Figure 1G.- Concluded.
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() M =2.29; a = -5.3°,

Figure 20.- Effect of A-frame on lateral characteristics of missile

wing. Missile-booster combination; &, = 0°; sting A.
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o wit:. A frame
St U Wit.out A frame

WMol mdi== S g = = 3

(b) M =2.29; a = -0.3°,

Figure 20.- Continued.
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With A frame

(¢) M =2.29; a = 5.1°,

Figure 20.- Continued.
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G With A frame

Figure 20.- Continued.
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Figure 20.- Continued.
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Wity A frame

(f) M =2.75; a = 5.2°.

Figure 20.- Continued.
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Figure 20.- Continuegd.
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Figurs 20.- Continued.
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With A frame

B, deg

(3) M =3.51; a = =5.2°.

Figure 20.- Continued.
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s} With A frame i
v . Without A frame i

B, deg

(k) M =3.51; a = -0.3°,

Figure 20.- Continued.
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[*] With A frame

B, deg

(1) M =3.51; a = %.1°.

Figure 20.- Concluded.



Figure

(a) M = 3.22; sting A.

21.- Effect of aileron deflection on aileron hinge-moment characteristics.
booster combination with A-frame mounted; 5. = 0°; B = 0.2°,

Missile-
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(b) M = 2.75; with missile aileron actuator housing; sting B.

Figure 21.- Continued.
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(c) M = 3.22; with missile aileron actuator housing; sting B.

Figure 21.- Concluded.
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2
B, deg

(&) M =2.75; a = -5.0°.
Figure 22.- Effect of canard deflection on lateral characteristics of

missile rudder at two rudder deflections. Missile-booster combina-
tion with A-frame mounted; sting C.
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g, deg &y, deg

B, deg

(a) Concluded.

Figure 22.- Continued.
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B, deg

(b) M =2.75; a = 0°.

Figure 22.- Continued.
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B, deg

(b) Concluded.

Figure 22,- Continued.
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B, deg

(¢) M =2.75; a = 5.0°.

Figure 22.-~ Continued.
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B, deg

(c) Concluded.

Figure 22.~- Continued.
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B, deg

(@) M =3.22; a = -5.0°.

Figure 22.- Continued.
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B, deg

(d) Concluded.

Figure 22.- Continued.
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Ch,R -0

-02

-03

(e) M =3.22; o =0°.

Figure 22.- Continued.
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(e) Concluded.

Figure 22.- Continued.
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B, deg

(f) M =3.22; a =5.0°.

Figure 22.- Continuz:d.
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B, deg

(f) Concluded.

Figure 22.- Concluded.
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Ch,R-O

(a) M =2.75; a = -3.0°.

Figure 23.- Effect of rudder deflection on lateral characteristics of
missile rudder. Missile-booster combina=ion with A-frame mounted;
Be = 0%; sting C.
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B, deg

(b) M =2.75; a = 0O°.

Figure 23.- Continued.
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(¢) M=2.75; a = %.0°.

Figure 23.- Continued.
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B, deg

(@) M =3.22; a = -5.0°.

Figure 23.- Continued.
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(e) M =3.22; o = O°.

Figure 23.- Continued.
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B, deg

(f) M =3.22; a = 5.0°,

Figure 23.- Concluded.
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(c) M =3.22.

Figure 24.- Continued.
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(a) M = 3.51.

Figure 24.- Concluded.
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() M =2.29.

Figure 25.- Effect of canard deflection on pitch characteristics of
booster. Missile-booster combination wish A-frame mounted; B = 0.3°;
sting A.
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(b) M = 3.22; with bug-eye fairing.

Figure 26.- Continued.
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With bug-eye fairing

Without bug-eye falring 7|

1,‘l

a, deg

(a) M =2.75.

Figure 27.- Effect of bug-eye fairing cn pitch characteristics of
booster. Missile-booster combinaticn with A-frame mounted;

= =10%; Byq = 0°; p = 0.2°; stirg B.
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With bug-eye fairing o
Without bug-eye fairing |
H

(b) M =3.22,

Figure 27.- Concluded.
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(&) M =2.75.

Figure 28.- Effect of nozzle shrouds on pitch characteristics of
booster. Missile-booster combination with bug-eye fairing and
A-frame mounted; 5PT = 59; SYT = OO; B = 0.2°; sting B.
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u With nozzle shroud
@] Without nozzle shroud

(b) M = 3.22.

Figure 28.- Concluded.
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With jet simulator
Without jet simulator

(a) M =2.75.
Figure 29.- Effect of jet simulator mounted at rear of rocket nozzle on

pitch characteristics of booster. Missile-booster combination with
A-frame mounted; dpp = -10°; Syp = OO; B = 0.2°; sting B.
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Figure 29.- Concluded.

o



156 <SP

22200 42203 PELRE S2020 SRR 3¢

(a) M =3.22; szing A.

Figure 30.- Effect of aileron deflection on pitch characteristics of
booster. Missile-booster combination with A-frame mounted; &, = 0°;

B = 0.29,
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102(CaB)y,

o, deg

(b) M = 2.75; with missile aileron actuator housing; sting B.

Figure 30.- Continued.
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(¢) M = 3.22; with missile aileron ac-uator housing; sting B.

Figure 30.~ Concluded.
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a, deg
(a) M =2.29.
Figure 32.- Effect of canard deflection on pitch characteristics of

booster separating surface. Missile-booster combination with
A-frame mounted; B = 0.30; sting A.
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Figure 32.- Continued.
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a, deg

(a) M =3.51.

Figure 32.- Concluded.
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Figure 33.- Effect of aileron deflection on pitch characteristics of
booster separating surface. Missile-booster combination with
A-frame mounted; &, = 09; B = 0.29; M = 3,22; sting A.
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(a) M =2.29; a = -5.3°.

Figure 34.- Effect of A-frame on lateral characteristics of booster
separating surface. Missile-booster combination; &g = 0°; sting A.
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Figure 35.- Effect of canard deflection on pitch characteristics of
booster fin. Missile-booster combination with A-frame mounted;

B = O.}O; sting A.
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Figure 35.- Continued.
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Figure 35.- Continued.
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Figure 36.- Effect of aileron deflection on pitch characteristics of
booster fin. Missile-booster combinazion with A-frame mounted;
5 = 0°; B = 0.2°; M = 3.22; sting A.



(a) M =2.29; o = -5.3°,

Figure 37.- Lateral characteristics of booster fin. Missile-booster
combination with A-frame mounted; 8, = 0°; sting A.
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(b) M =2.29; a = -0.3°.

Figure 37.- Conzinued.
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(@) M =2.75 a = -5.3°,

Figure 37.- Continued.
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(e) M =2.75; a = -0.3°.

Figure 37.- Continued.
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B, deg

(1) M =3.51; a = 5.1°.

Figure 37.- Concluled.



() M = 2.75; with bug-eye fairing.

Figure 38.- Effect of nozzle deflection on pitch characteristics of
pitch and yaw thrust chambers. Miscile-booster combination with
A-frame mounted; &yp = 0°; B = 0.29; sting B.
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(a) Concluded.

Figure 38.- Continued.
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a, deg

(b) M = 3.22; with bug-eye fairing.

Figure 38.- Continued.
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(v) Concluded.

Figure 38.- Continuec.
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(c) M = 2.75; with bug-eye and nozzle-shroud fairings.

Figure 38.- Continued.
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a, deg

(d) M = 3.22; with bug-eye and noz:ile-shroud fairings.

Figure 38.- Conclud=d.
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] With bug eye
O Without bug eye

0 2
a, deg

(&) M =2.75.
Figure 39.- Effect of bug-eye fairing on pitch characteristics of pitch

and yaw thrust chambers. Missile-booster combination with A-frame
mounted; pp = -10°; &yp = 0°; B = 0.2°; sting B.
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(v) M= 3.22.

Figure 39.- Continued.
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Figure 39.- Concluded.
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O With nozzle shroud
o Without nozzle shroud

(a) M =2.75.
Figure 40.- Effect of nozzle shrouds on pitch characteristics of pitch

thrust chamber. Missile-booster combination with bug-eye fairing
end A-frame mounted; &pp = 5°; &yp = 0°; 8 = 0.2°; sting B.
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u] With nozzle shroud
o] Without nozzle shroud

(v) M= 3.22.

Figure 40.- Concluied.
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B, deg

(a) M = 2.75.
Figure L1.- Effect of nozzle deflection on lateral characteristics of

pitch and yaw thrust chamber. Missile-booster combination with bug-
eye fairing and A-frame mounted; Spp = 0°; a = -0.30; sting B.
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B, deg

(a) Concluded.

Figure 41.- Continu=d.
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B, deg

(vb) M =3.22.

Figure 41.- Continued.
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(b) Concluded.

Figure 41.- Concluded.
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Figure 42.- Effect of canard surface on pitch characteristics of
missile alone. B = 0.20; M=1.77; sting A.
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(&) M =1.77.

Figure 43.- Effect of canard deflection on pitch characteristics of
missile alone. B = 0.2%; sting A.
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(b) M= 2.75.

Figure L3.- Continued.
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(¢) M= 3.00.

Figure L3.- Concludec.
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(a) M =1.77.

Figure 44.- Effect of speed-brake deflection on pitch characteristics of
missile alone. &g = 0°%; B = 0.29; sting A.
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(¢) M=3.22.

Figure L4 .- Concluded.
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Figure L45.- Effect of canard and rudder surfaces on lateral character-
istics of missile alone. M = 1.77; sting A.
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Figure 46.- Effect of canard deflection on lateral characteristics of
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(b) M =1.77; a = -0.2°,

Figure 46.- Contiaued.
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(g) M=3.22; a = -5.1°,

Figure 46.- Continued.
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(h) M =3.22; o = .0.2°.

Figure 46.- Continued.
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Figure 47.- Effect of rudder deflection on lateral characteristics of
= 0°; sting A.
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Figure L47.- Continued.
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(f) Concluded.

Figure 47.- Continued.
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(g) M =3.22; a = -5.1°.

Figure 47.- Continued.
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Figure 48.- Effect of aileron deflection on lateral characteristics of
missile alone. B¢ = 0%; B = 0.2°; sting A.
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Figure 50.- Effect of canard deflection on pitch characteristics of
missile wing. Missile alone; B = 0.2°; sting A.
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(b) M =2.75.

Figure 50.- Continued.
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(¢) M =7.22.

Figure 50.- Concluded.
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Figure 51.- Effect of aileron deflection
=0% B = 0.2°; sting A.
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(¢) M=1.77; a = 5.2°.

FPigure 53.- Contirued.
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(a) M =1.77.

Figure 54.- Effect of aileron deflection on aileron hinge-moment characteristics. Missile
alone; 8o = 0°; B = 0.2°; sting A.
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(b) M =2.75.

Figure 54 .- Continued.

g



283

*papNTOUO) =" G 3IMITJ

‘22 e =W (9)




28k F_—

(a) M =1.77; a = -5.0°,

Figure 55.- Effect of canard deflection on lateral characteristics of
missile rudder at two rudder deflections. Missile alone; sting D.
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(b) M =1.77; o = -0.1°.

Figure 55.- Contirued.
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(&) M=1.77; a = =5.0°.

Figure 56.- Effect of rudder deflection on lateral characteristics of
missile rudder. Missile alone; sting D.
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(g) M =3.22; a = -5.0°.
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(h) M=3.22; a = -0.1°.

Figure 56.- Continued.
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