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SUMMARY

An experimentalwind-tunnelinvestigationhas been conductedat Mach
numbersfrom ].70 to 2.86 to extend the aerodynamicdata base for wing-tail
effectson stabilityand controlcharacteristicsof monoplanarcircular
missiles. The resultsare summarizedto show the effectsof tail-findihedral
angle,wing location,and nose-bodystrakes.

The resultsindicatethat an increasein tail-findihedralangle produces
positiveincrementsin directiona!stabilitythat allow greatertrimmed-lift-
coefficientvalues (maneuverpotential). An increasein wing-tailgap for
the Mach number range reducesthe aerodynamic-centertravel and produces
reductionsin directionalstabilityat the lower anglesof attack. A change
in wing height (verticallocation)stronglyinfluencesthe angle of attack
at which pitch-up and the most directionalstabilityoccur. The addition
of strakesto the baselineconfigurationincreasesdirectionalstability,
which allows a significantincreasein stable-trimmedmaneuver capability.
The tai! fins of the baselineconfigurationare effectivein producingroll
and yaw control accompaniedby favorableyaw and roll, respectively.

INTRODUCTION

The NationalAeronauticsand Space Administrationis currentlyconducting
aerodynamicstudiesof variousmonoplanarmissile configurationsto provide
insightinto the potential[or improvingconformalcarriage,performance,
and maneuverabilityof future air-launchedmissiles. It is suggestedin
reference] that for some advancedmedit_n-rangemissile weapon systems, the
monoplanarmissile conceptwith low-profiletails is a natura!shape for
efficientsupersonicconformalcarriageon supersonic-cruise-typeaircraft.
One desirablefeatureof this conceptis a balancebetweengood longitudinal
and good directionalaerodynamicstabilityand controlcharacteristics. Two
monoplanarmissile configurations,each with circularbodies and low-profile
tails, have been investigatedand their aerodynamiccharacteristicsare reported
in reference2.

The presentexperimentalwind-tunnelinvestigationwas conductedin an
effort to extend the aerodynamicdata base of reference2 and to evolve a
circular con[ormal-carriagemissile candidatewith betteroverallaerodynamics.
The baselinemodel configurationhad a circular body, centerlineaft wing,
and low-profiletail fins with dihedralangles of 30°. Limitedcomparisons
are made with data from configurationsin reference2, which were identical
to the present baselineexcept for having tail-findihedralangles of 22.5°
and 45.0°.

The tests were conductedin the LangleyUnitary Plan Wind Tunnel at Mach
numbersfrom ].70 to 2.86. The nominalangle-of-attackrange was -3° to 26°
and the nominalangle-of-sidesliprange was about -4° to 6°. The test Reynolds



number was 6.6 x ]06 per meter (2.0x ]06 per foot). The resultsare summarized
to show the effectsof tail-findihedral angle,of longitudinaland vertical
wing location,and of nose-bodystrakeson the longitudinal,lateral,and
directionalaerodynamicstabilityand controlcharacteristicsof a monoplanar
circularmissile configuration. The four tail finswere deflectedto obtain
pitch, yaw, and rol! control.

SYMBOLS

The aerodynamic-coefficientdata are referredto the body-axissystem
except for lift and drag which are referredto the stability-axissystem. The
mement centerwas !ocated 5].5] cm (20.28in.) aft of the model nose (60.0per-
cent of the body length) unless otherwisenoted.

Values are given in both SI and U.S. CustomaryUnits. The measurements
and calculationswere made in U.S. CustomaryUnits. Factors relatingthe two
systems are given in reference3.

b wing span, 24.486cm (9.640in.)

CA axial-forcecoefficient, Axia! force/qS

CA,b base axial-forcecoefficient, Base axial force/qS

CD drag coefficient, Drag/qS

CD,b base drag coefficient, CA,b cos

CD,O drag coefficientat e = 0O, Drag/qS

CL lift coefficient, Lift/qS

CL,trim trimmed-liftcoefficient

CI_ slope of lift curve measured at e = 0°, per degree

CZ rolling-momentcoefficient, Rollingmement/qSb

C_ effective-dihedralparameter,\_ jS=0O,3°

Cm pitching-momentcoefficient, PitchingmQnent/qSZ

CmCL longitudinal-stabilityparameter, _Cm/_CL

pitch-controleffectivenessof four tail fins at _ = 0°, per
Cm_ degree of deflectionfor tail-findeflectionsof 0° and -]0°

CN normal-forcecoefficient, Normal force/qS



Cn yawing-momentcoefficient, Yawing moment/qSb

ACn1Cn8 directional-stabilityparameter,
A8 /8:0o,3o

Cy side-forcecoefficient, Side force/qS

/Cyg side-forceparameter,
A8/B=0o,3o

L/D lift-dragratio

Z referencebody length,85.852 cm (33.800in.)

Zs strake length (see fig. l(c))

M Mach number

q free-streamdynamicpressure,kPa (ibf/ft2)

S wing planform area includingbody centerlineintercepts,
0.064933m2 (0.698965ft2)

Xac/Z aerodynamic-centerlocationas fractionof model length,measured
from nose apex

Xcg/Z center-of-gravitylocationas fractionof model length,measured
from nose apex

angle of attack,deg

angle of sideslip,deg

Ftail dihedralangle of tail fins, deg

6pitch pitch-controldeflectionof four tail fins (negativewith leading
edge down), deg

6roll differentialdeflectionsfor roll control, individualtail fins
deflectedthe indicatedamount (positiveto providea clockwise
rotation as viewed from rear), deg

6yaw yaw-controldeflectionof four tail fins (negativewith leading
edge left as viewed from rear), deg

Model-configurationnomenclature:

Aft baselinelongitudinallocationof model centerlinewing

Mid centerlineaft wing moved forwardone body diameter
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Fwd centerline aft wing moved forward two body diameters

High centerline aft wing moved up 0.375 body diameters

Centerline baseline vertical location of model aft wing

Low centerline aft wing moved down 0.375 body diameters

Ws width of strake (see fig. ](c))

Model components:

S] nose strake

S2 nose-body strake

S3 body strake

Subscripts:

a Qar_ow

b wide

max maximum

trim trinmledconditions(Cm = 0)

The baselinemodel configurationof the presentinvestigationhas a center-
line aft wing and tail £ins with dihedral angles of 30.0° .

APPARATUSAND TESTS

Wind Tunnel

The investigationwas conductedin the low Mach number test sectionof the
LangleyUnitaryPlan Wind Tunnel,which is a variable-pressure,continuous-flow
facility. The test sectionis approximately2.13m (7.00 ft) long and 1.22m
(4.00 ft) square. The asy_netricsliding-blocknozzle leading to the test
sectionpermits a continuousvariationin free-streamMach number from about
1.5 to 2.9. (See ref. 4.)

Model

Dimensiona!detailsof the model are shown in figure 1, and photographs
of the model are shown in figure 2. The model was a monoplanar,low-profile-
tail configurationthat consistedof a cylindricalbody with a pointed tangent-
ogive nose, delta wings, and four trapezoidaltail fins. The body had a fine-
ness ratio of 13. The wings and tail fins had slab airfoilcross sectionswith
beveledleadingand trailingedges. For the presentinvestigationthe baseline-

4



model configurationhad a centerlineaft wing with tail fins in planes inclined
30.0° to the horizontal;the data were intendedto complementthe results
reported in reference2, which were obtainedon configurationshaving tail-fin
dihedralangles of 22.5° and 45.0°.

The presentwind-tunnelmodel was constructedso that the wings could have
three centerlinelongitudinallocationsthat enabled the effect of the wing-
tai! gap to be investigated. (Seefig. ](a).) In addition,the model was
testedwith only the aft wing in three verticallocations. By moving the
centerlineaft wing up or down 0.375 body diameters,high-, centerline-,and
low-aft-wingconfigurationswere obtained. Severalcenterlinenose and body
strakesthat had variationsin lengthand width were also testedwith the
centerline-aft-wingconfiguration. (Seefig. ](c).) For the baseline-model
configurationthe four tail fins were used to providepitch, yaw, and roll
control.

Test Conditions

Tests wece performedat the tunnel conditionsshown in the followingtable:

t

Stagnation Stagnation I

Mach temperature pressure Reynolds number
(absolute)

number

K OF kPa ibf/ft2 per meter per foot
I

1.70 339 150 56.4 ]178 6.6 x ]06 2.0 × ]06

2.]6 68.5 ]430

2.36 75.7 ]580

2.86 r _ 98.4 2056 _' r

The dewpoint tenperaturemeasured at stagnationpressurewas maintained
below 239 K (-30°F)to assure negligiblecondensationeffects. All tests were
performedwith boundary-layertransitionstrips on the body 3.05 cm (].20 in.)
aft of the nose and 1.02 cm (0.40 in.) aft of the leadingedges measured stream-
wise on both sides of the wing and tail-finsurfaces. The transitionstrips
were approxLnately0.]57 cm wide (0.062in.) and were cQmposedof No. 50 sand
grains sprinkledin acrylicplastic. (Seeref. 5.)

Measurements

Aerodynamicforces and moments on the model were measured by means of a
six-caaponenhelectrica!strain-gagebalancewhich was housedwithin the model.
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The balancewas attachedto a sting which, in turn, was rigidlyfastenedto the
model supportsystem. Balance-chamberpressure,or base pressure,was measured
by means of a single static-pressureorificelocatedin the vicinityof the
balance.

Corrections

The anglesof attackand sideslipwere correctedfor deflectionof the
balanceand sting due to aerodynamicloads. Also, angles of attack were
correctedfor tunnel-f!owmisaligr_ent. The drag and axial-forcecoefE[cient
data were adjustedto free-streamstaticpressureacting over the model base.
Typicalmeasured valuesof base axial-forceand drag coefficientsare presented
in figure 3.

PRESENTATION OF RESULTS

The resultsare presentedin the followingfigures:

Figure
Effects of wing longitudinallocationon longitudinalaerodynamic
characteristicsof the centerline-wingconfigurations.......... 4

Effects of pitch controlon longitudinalaerodynamic
characteristicsof the centerline-wingconfigurations:
Aft wing ................................ 5
Mid wing ................................ 6
Forwardwing .............................. 7

Effectsof wing verticallocationon longitudinalaerodynamic
characteristicsof the aft-wingconfigurations ............. 8

Effectsof pitch controlon longitudinalaerodynamic
characteristicsof:
High-wingconfiguration......................... 9
Low-wing configuration ......................... ]0

Effects of strake length and width on longitudinalaerodynamic
characteristicsof the centerl[ne-aft-wingconfigurationfor:
Nose and nose-bodystrake ........................ ]]
Body strake ............................... ]2

Effects of nose-bodystrake on pitch contro!characteristicsof

the centerline-aft-wingconfiguration. 6pitch = -200 .......... ]3

SummaryoE longitudinalaerodynamiccharacteristics............ ]4

Effectsof angle of attackon lateraland directionalaerodynamic
characteristicswith sideslipangle of the centerline-aft-wing
configurations ............................. ]5



Figure

Effects of pitch control on lateral and directional parameters

of the aft-wing configurations:

Centerline wing ............................. 16

High wing ................................ 17

Low wing ................................ 18

Effects of wing longitudinal location and tail fins on lateral

and directional parameters of the centerline-wing configurations•
Zero control deflection ......................... 19

Effects of wing vertical location and tail fins on the lateral

and directional parameters of the aft-wing configurations.
Zero control deflection ......................... 20

Effects of strake length and width on lateral and dir.ectional

par_,_eters of the centerline-aft-wing configuration for:
Nose and nose-body strakes. Zero control deflection .......... 21

Body strake. Zero control deflection .................. 22

Effects of nose-body strake on lateral and directional

parameters of the centerline-aft-wing configuration with

pitch control 6pitc h = -20 ° 23• • • • • • • • • • • • • • • • • • • • • • •

Summary of lateral and directional aerodynamic parameters ......... 24

Roll-control characteristics of the centerline-aft-wing

configuration .............................. 25

Yaw-control characteristics of the centerline-aft-wing

configuration .............................. 26

Summary of tail-fin dihedral effect on roll- and yaw-
control effectiveness of the centerline-aft-wing

configuration. _ = 00 ......................... 27

Variation of trimmed-lift coefficient with center-of-gravity

location 6pitch = _20 ° ...... 28• • • • • • • • • • • • • • • • • • •

RESULTS AND DISCUSSION

Longitudinal Aerodynamic Characteristics

The effects of wing longitudinal location on the pitch characteristics of

the centerline-wing configurations are presented in figure 4. Data are also

presented for a constant level of static stability at each Mach nLmlber to better
assess the effects of wing-tail gap on pitching-moment linearity. At M = 1.70

for a fixed static margin of Cmc L -0.14, the forward-wing configuration

exhibits the most pitch-up, which coincides with a small loss of lift coeffi-

cient over the angle-of-attack range of 4° to 10°. The pitch-up is probably
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due to wing-tail interference, which results in temporary loss of tail lift.

This interference occurs as the tai! fins move through the wing-downwash flow

field and through the low-energy-wake flow field behind the wing. In general,
for constant-static-margin ccmpar [sons, all the configurations exhibit some

degree of pitch-up, with the forward-wing configuration having the most restor-
ing moments at the higher angles of attack.

At angles of attack above ]2°, the nonlinearcontributionto overall lift
for the completeconfigurationsis primarilydue to wing-vortexlift that is
characteristicof highly swept and sharp-leading-edgewings.

The effectsof pitch controlon longitudinalaerodynamiccharacteristics
of the centerline-aft-,mid-, and forward-wingconfigurationsare presentedin
figures5, 6, and 7. The tai! fins of all three configurationsare effective
in producingpitch controlthroughoutthe angle-of-attackand Mach number
ranges.

The effects of wing vertical location on the longitudinal aerodynamic

characteristics of the aft-wing configurations are shown in figure 8. The angle

of attack at which pitch-up occurs is strongly related to the wing vertical

location. The low-wing configuration exhibits the largest pitch-up tendency
at about _ = ]2°. The magnitude of pitch-up is reduced with increases in Mach

n_nber. In general, the angle of attack at which the pitch-up occurs pro-

gressively increases as the wing location is lowered. The aforeaentioned wing-
tail interference contributes to the pitch-up as the tail fins move through the

wing-downwash flow field. Additional tests are needed to resolve the question
of whether the upper or lower pair of tai! fins is the primary contributor to
the pitch-up tendency.

The effectsof pitch controlon the longitudinalaerodynamiccharacteris-
tics of the high- and low-aft-wingconfigurationsare presentedin figures9
and ]0. The tail fins of both configurationsare effectivein producingpitch
control throughoutthe angle-of-attackand Mach number ranges.

It is suggested in reference 2 that the addition of nose-body strakes
might p_ov[de more directional stability at the higher angles of attack. In

addition, a reduction in static margin would result in higher trim-lift coeffi-

cients and lower trim drag. For these reasons, nose-body strakes were tested
on the baseline configuration.

The effectsof strake length and width on longitudinalaerodynamiccharac-
teristicsof the centerline-aft-wingconfigurationare shown in figures]] and
]2. Figure ]] shows that with increasesin strakelength and width, correspond-
ingly smal! increasesin lift coefficientare obtainedat the higher anglesof
attack. In addition,there are the expected _eductionsin stabilitylevel with
progressiveincreasesin pitch-up at lower angles of attack (_ _ 6° to ]0°) that
decreaseat the higherMach numbers. The body-strake(fig. ]2) characteristics
indicate similartrendsbut to a lesser degree.

Figure ]3 presents the effects of nose-body strake (S2,b) on pitch-control
characteristics of the centerline-aft-wing (baseline) configuration with

_pitch = -200- The data indicate that the strake configuration has the



potential for higher CL,trim and lower CD,trim. However, the pitch-up ten-
dencies are similar to the trends shown in figures ]] and ]2.

A s_imary of the longitudinal aerodynamic characteristics including the

effects of tail-fin dihedral angle and wing longitudinal and vertical locations

is presented in figure ]4. This figure shows the usual decrease of -Cm6 , CLd ,

and CD, o with increase in Mach number. In figure ]4(a), the Frai! = 30.00

configuration has slightly more -Cm_ , CLe, and (L/D)ma x at the lower Mach

numbers than the other tail-fin configurations. Figure ]4(b) shows that wing

longitudinal position has little effect on the longitudinal aerodynamic charac-

teristics with the obvious exception of aerodynamic center location Xac/Z.
The forward-wing configurations have the least variation in aerodynamic-center

!ocation with Mach number. Figure ]4(c) indicates the centerline-aft-wing con-

figuration has greater -Cm6 , CLe, and (L/D)max for the test Mach numbers.

The high-aft-wing configuration has the lowest (L/D)max.

Lateral and Directional Aerodynamic Characteristics

The lateral and directional aerodynamic characteristics in sideslip at

several angles of attack for the baseline configuration are presented in fig-
ure ]5. These data are shown primarily to indicate the linearity of the coeffi-

cients with sideslip angles, since the rolling-moment, yawing-moment, and side-
force coefficients were obtained from incremental results of tests made over

the angle-of-attack range at B = 0° and 3°. The results were generally linear
to B = 3° and indicate the comparative results shown for the latera! and

directional parameters are valid. These data trends are typical for the other
configurations as well.

The effects of pitch control on lateral and directional parameters of the

centerline-, high-, and low-aft-wing configurations are presented in _igures ]6,

]7, and ]8. In general, pitch-control deflections increased the directional-

stability parameter Cn_ at the higher angles o_ attack a_d decreased the posi-

tive effective-dihedral parameter -Cz8 at the lower angles of attack for the

centerline- and high-aft-wing configurations. (See figs. ]6 and ]7.) The low-

aft-wing configuration (Gig. ]8) _as a decrease in directional-stability param-
eter and positive effective-dihedral parameter with increases in angle of attack
and Mach number.

The effects of wing longitudinal location and tail fins on lateral and

directional par&meters o_ the centerline-wing configurations at zero control

deflection are presented in figure ]9. For a constant static margin there is

a reduction in Cn8 at the lower angles o_ attack with increases in wing-tail

gap for the entire Mach number range. At M = ].70 this reduction coincides
with pitch-up and loss of lift coefficient (e _ 4° to ]0°) as shown in



figure4(a). In general there is an increasein positiveeffective-dihedral

parameter -Cz_ at higher anglesof attack with increasesin wing-tailgap
for the Mach n_mber range.

The effectsof wing verticallocationand tail fins on lateral and direc-
tional parametersof the aft-wingconfigurationsat zero controldeflection
are shown in figure 20. For the completeconfigurations,the centerline-aft-

wing exhibitsthe most positive Cn8 at the lower angles of attack. At inter-

mediate angles (up to about ]8o), the low-wingconfigurationproducesthe
greatestdirectionalstability. For the higher angles of attack (d > ]8°), the

high-wingconfigurationhas the most Cns.

The effectsof strake length and width on lateraland directionalparame-
ters of the centerline-aft-wingconfigurationwith zero controldeflectionare
presentedin figures2] and 22. In figure 2], both the nose and nose-body

strakesincrease Cn8 at anglesof attackabove 4° for the range of Mach num-

bers. Increasingthe strakewidth generallyproducespositive incrementsin

Cns, and the wide nose strake S],b provides the most positive Cn8 at the

higher angles of attack (fig.2]). In general,there are increasesin positive

effective-dihedralparameter -Cz8 with increasesin strake length and width

for intermediateangles of attack. The body strake $3,b is not very effective

in generatingpositive incrementsof Cn8 especiallyat the higher angles of

attack for which negative incrementsare produced (fig.22).

Figure 23 presentsthe effectsof the wide nose-bodystrake So _ on_F _

lateraland directionalparametersof the centerline-aft-wingconfigurationwith
_pitch= -200- For the selectedmoment center,the additionof the strake pro-

rides a positive incrementof Cn8 such that with the inducedpositive incre-

ment of Cn8 from the pitch control (fig.]6), the configurationbecomesdirec-

tionallystable for the entire angle-of-attackand Mach n_mber ranges. The
strake also increasestn_ positive effectivedihedralparameter.

A summaryof the lateraland directionalaerodynanicparametersincluding
the e_fectsof tail-findihedral angle,wing !ocations,and strakes is given
in figure 24. All the configurationshave the expecteddecreasein directional
stabilitywith increasedMach n_nber. For the selectedmoment center (0.60Z),
the cruciform-tailconfiguration(Frai!= 45.0°, fig. 24(a)) shows directional
stabilitythroughoutthe Mach number range,whereas the Frail = 22.5°
configurationis unstablebeyond M = 2.]2. The baselineconfiguration
(Ftail= 30.0°) becomesdirectionallyunstablebeyond M = 2.60. Moving the

wing forward increases CnB at the higherMach numbers (fig24. (b)). In

figure 24(c) the centerlineaft wing has the highest Cn^ at the lower Mach
numbers. Figure 24(d) presents strake effectsonly at a_gles of attack of ]00
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and 20° since shrakes were not effective at very low angles of attack. For

= ]0°, the configuration with the wide nose-body strake g2,b has the lacgest

directional stability and positive effective dihedral par&meter -Cz_. For

= 20° , the configuration with the wide nose strake S], b has the greatest
directional stability at the l_er Mach numbers.

The roll and yaw contro! characteristics of the centerline-aft-wing con-

figuration are presented in figures 25 and 26. The baseline configuration is

effective in providing both roll and yaw control throughout the angle-of-attack
and Mach number ranges. The roll and yaw control are accompanied by favorable

yaw and roll, cesp_ctLve!y, at the higher angles of attack.

A slm_mary of tail-fin dihedral effect on roll and yaw control effective-

ness of the centerline-aft-wing configuration is p_esented in figure 27. This

fLgure shows the usual decrease in roll and yaw control ef_eci_iveness with

increased Mach number. The c_uciform-tail configuration (rtail = 45.0° ) pro-
duces the most yaw and roll control, whereas the extr_e low-profile tail

(rtail = 22.5°) p_oduces the least.

Longitudinaland DirectionalStabilityPar_neters

The balancebetweengo_d longitudinaland good directionalaerodynamic
stabilityand controlcharacteristicsis an importantconsiderationwhen evalu-
at[,_g_no,_)planarmissile configurations. Therefore,when making aerodynamic
_tabilityand controlcomparisons,one must be cognizantof the directional-
stabilityparameterof each configurationin additionto its respectivetrimmed-
l[_t coefficient. In the _ollowingdiscussion,figuresare presentedthat _how
variationsof trimmed-liftcoefficientwith center-of-gravitylocation _or the

variousmodel configurations. Includedare Cn8 = 0 boundarycurves that indi-

cate the cea_wardcenter-of-gravitylimit for the conditiono_ static directional
stability.

The variationof CL,trim with center-of-gravity!ocationthat includes
effectsof tail-findihedralangle,wing verticallocation,and nose-bodystrake
is p_esentedin figure 28 for a pitch-controldeflectionof -20°. In fig-
ure 28(a) the extremelow-profile-tailconfiguration(Frail= 22.5°) is severely
limitedin CL,trim (manueverpotential)due to directionalinstability,
especiallyat the higherMach n_,_bers.For the CL,trim values shown the
Ftail = 30.0° configurationis limitedin maneuver potentialto some degree,
whereas the cruciform-tailconfiguration(Ftail= 45.0°) is unlimited. In fig-
ure 28(b) the high-aft-wingcon£igurationfor the Cn_ = 0 boundaryconditions
can obtain the highest CL,trim values at the most r_arwardcenter-of-gravity
!ocations. For the centerline-aft-wingconfigurationsof figure 28(c), the
stcake-offconfigurationhas stablemaximum CL,trim values that range from
about 0.25 to 0.45 at the lowestMach number. The additionof the strake
increasesthese stable valuesabove the range of the test variables

(CL,trim> 0.60).
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OONCLUS IONS

An expert mental wind-tunnel investigation has been conducted at Mach

numbers from ].70 to 2.86 to extend the aerodynamic data base for wing-tail

eEEechs on stability and contro! characteristics of monoplanar circular
missiles. The results are summarized to show the effects of tail-fin dihedral

angle, wing location, and nose-body strakes. The results of the investigation
are as follows:

]. An increase in tail-fin dihedral angle produces positive increments in

directional stability that allow greater CL,trim values (maneuver potential)
to be obtained.

2. An increase in wing-tail gap for the Mach number range reduces the

aerodynamic-center travel and produces reductions in directional stability at
the lower angles of attack.

3. A change in wing height (vertical location) strongly influences the

angle of attack at which pitch-up and the most directional stability occur.

4. The addition of strakes to the baseline configuration increase_ direc-
tional stability which allows a significant increase in stable-trimmed maneuver

capability.

5. The tai! fins of the baseline configuration are effective in produc-

[qg _oli and yaw contro! that are accompanied by favorable ya_ and _olI,
cespectively.

Langley Research Center

National Aeronautics and Space Administration
Ha_pton, VA 23665

September 29, ]980
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Figure 1.- Model details. All dimensionsare in centimeters(inches)unlessotherwiseindicated.
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Figure I.- Concluded.
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Figure 2.- Photographsof baseline-modelconfiguration.
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Figure3.- Typicalvariationof measuredbase axial-forcecoefficientand base
drag coefficientwith angle of attack.
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(a) M = I.70.

Figure 4.- Effects of wing longitudinal location on longitudinal aerodynamic
characteristicsof the centerline-wingconfigurations.
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Figure 20.- Effects of wing vertical location and tai! fins on lateral and
directionalparametersof the aft-wingconfigurations. Zero control
deflection.
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(b) M = 2.16.

Figure 20.- Continued.
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Figure 20.-Continued.
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(d) M = 2.86.

Figure 20.- Concluded.
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Figure 21.- Effects of strake length and width on lateral and directional

parameters of the centerline-aft-wing configuration for nose and nose-
body strakes. Zero control deflection.

172



(b)

Figure 21

M 2.16.

Continued.

173



.008

• 004

Cn_-.004

-. 008

-. 012

-.016 .002

-, 002

C_13

-. 004

-.006

0 -. 008

Cy_ -.02

-.04
"8 -4 0 4 8 12 16 20 24 28

a,deg

(o) H = 2.36.

Figure 21.- Continued.

]74



• 008
i '_i%&_i_._/ _iT ...._'__:ii_i__:_ii:ii;i _',<:i_ _ii!:i;:!'iii .ii: i:::!iiii_ :..._.i;_;Li!_,.! :] 41_;:_:_'i_i_l_:_i!i;_!I, _ ...................... _.........;mi _ !!l;;i;;t
_hli4 .,]i!] i lii!i
!IIl_ ]_!1l!d]ii '_, _ l _ i_t _+_' !i .... __...........................

004 '__
iiiii_i!i

,; '_._;;;!i]!t; ,, . ._ _.,_.... :,;i_,:_it!i;_:_.;l_<i:!_ !!_.i_i!lii; :!ii!!i .;il;ii _i:!i;ii

_ _;!;;;;;ii;ii!!:iiiii!!;;;

:g_::_g'_;=_[!!!!!i,i::!t_i!::?_iii <i!:;;'F.;!<i!:.!!!,_i:{.........

i! !11::i!' _!,!_::_:_:i.<_! ili;';i!i

......... _, .... . ......:,._;:,:I,!!ii!]_!_;i;;!i!!i

_!i:!i!!i St rake !!!lil;i;;;!;;_i; 'Fi; :i,:_..... _!i;;; ':!;;;;;I ili!iil;!!; i;i!!!i!,i!;;;i _;::;;i'!ii!!t:!iI!i!iii! iil;iii!i i: <:r.::;;::: _m,,!: ...._,

_'_]_ 0 0 f _: _ itl;i;i;!_ _i_ _'_ ................ i]i::i: H!i;!i;! :' :='......:'_ ili;;i;;!i_i:!i!_i....... i: ql

!ii:?:,ii:, :::':[iiitl [] Sl, a .i:_!,i;: :t:;::::_.i_.,, ii:ii:i!!iil!{*[l ?i?iill_- 012 _..... _...... . ._....[i!i!Fi ;;ili',i: :,.:_ri::: _i ':':ili!i;!•i:_:.... i!i _!i!iiH;;ii1
...... iiihi![ i !!_i<ri : I!_H_Ii[iill:il!i:_!i:_ii_ $2,a ;_;;t_:_,._;:::_ ......._1}!_;ii::!:_;_:;;i_:_:_

:_,:_=i!iiilil]!!ihl!{ 'ii;!:i;i

• ' l_,_;;<.'.<iiiii,i<b!iii<ii 002- 016 ,:i :_: i_::::_ _.....

i!ii!ii!i#!!i;!_iil;!i!i!l_;;;;;;_:l!I_r<._"_:;;'"_i;_;;_;-,.......:_......;:_:_.......
;hi,. V]ii!ii:;i :_m_:!._;'-::_;! !;!_;!ii ' _;:'_f!i:iS{ .........

............. _ i[iii!i}i;!i;;!i:;!'_:_::::_...... ;!__:_:_.:::_:::

i !:_!I": : "'i _!{ih!I!,;;...... ;;,_;i;i !_:t;i:_!{i{l< ....._.......... _;;,i_t;_*_,,-,!,;${iiii__ii!_ii;iliiii_i!0

;!111!:!;h!]:41

i:;:_:i: i;_iy![! :; i'-:: :m::::ii, i!i;;'-_m' ii;i;i!_ili!i]!!;i

_;;_;!: :':::;:: 002
i ;!'i!_;::T:I'i':i:::.i!T:ii

!!iii!!i;-.004
i::;::.iii!F:ii!!_il_::i:_;!

:[i!i:i! !iiii; ;i i:iii:i:: i!i!<{: :::ii!: i::iii:!:{i;! i[ii i!]i:i:]:_i!!! !!ii:ii{i{::ii:_i!'{!!:i!i!{
:i::: :!] : _i:! : ii _Lk_'.i:;!i;::__:hH:[ :h:i!!! -.

iiii:.:_iiiiii;!<iii::;!iiii!:ii;iii::i<i;.i;i i!i;ii:,i!iiilii!;iiiil;;<ii:.i;ii !::i!{i_;i,!:i!i!!i[iiii]i.,':;_.;_;:;_;_!_:i;_i_:::_::;*_;:;"_;_l_i_:.i:i;i_!_ii!!i_:.ii!i!:::_::_":;_=:::_::_;::irq:.!!:.i i i!i iii
;<:::i::fii::ii::4:i:i::d_ii!:._<!il_SAU!::i:::.:,_:;.::_i};ii::i:,i;_?5;::i::ii];f?ii:;!!i::f]i';!ii])!ii_]:) if: ][ii![![i[!!iiiiiii;ii_iil] o08

"::':i!!_iii!ii!ill

, ................. _!!!!iii_i_;-ii!!i

:.:':_'I;.::::::........ '::::::: :_.........:::.::1::::: .........::m :::::m......... L;:::::.. . _i_:;_i_:::':_;"

• , , [ ..... ] [ . " • . : ...... ,..... : . . + , _ , . _ K _nh_::

............................ '.......' ........ '_" "............ " ' " ;;;:;is_"_!,I ]l!iiiil..........i-!liiii_i,_;_
-8 -4 0 4 8 12 16 20 24 28

_,deg

(d) M = 2.86.

Figure 21.- Concluded.
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Figure 22.- Effects of strake length and width on lateral and directional
parameters of the centerline-aft-wing configuration for body strake.

Zero control deflection.
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(b) M=2.16.

Figure 22.- Continued.
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Figure 22.- Continued.
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(d) M = 2.86.

Figure 22.- Concluded.
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Figure 23.- Effects of nose-body strake on the latera! and directiona!
parameters of the centerline-aft-wing configuration with pitch
control. 6pitch = _20°"
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(b) M = 2.16.

Figure 23.- Continued.
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Figure 24.- Summaryof lateraland directionalaerodynamicparameters. Zero controldeflection.



.012 .012

.008 .008

C% .004 CnB .004

0 0

-.004 -.004

Strake

Off

Sl,b
S2,b
S3,b

.002 .002

0 0

-.006 -.006

-.008 -.008

•02 .02

CyB 0 CY6 0

-. -.02
1.6 2.0 2.4 2.8 3.2 I.-6 2.0 2.4 2.8 3.2

M FA

(d) Effect of strakes, centerline-aft-wing configuration. Ftail = 30.0 ° .

Figure 24.- Concluded.
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Figure 25.- Roll-controlcharacteristicsof the centerline-aft-wing
configurations.
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Figure 25.- Continued•
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(c) M = 2.36.

Figure 25.- Continued•
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Figure 25.- Concluded.
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(a) M = 1.70.

Figure 26.- Yaw-controlcharacteristicsof the centerline-aft-wing
configurations.
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Figure 26.- Continued.
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(c) M = 2.36.

Figure 26.- Continued.

]92



a,deg

(d) M = 2.86.

Figure 26.- Concluded.
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