
CSCL 160 G3/02 02922



NASA Technical Memorandum 84559

Aerodynamic Characteristics of a

Series of Twin-Inlet Air-Breathing

Missile Configurations

II - Two-Dimensional Inlets at Supersonic Speeds

Clyde Hayes

Langley Research Center

Hampton, Virginia

IXlI IX
National Aeronautics
and Space Administration

Scientific and Technical
Information Branch

1983



S UMMARY

A series of air-breathing missile configurations has been inveszigated to pro-

vide a data base for the design of such missiles. The model could be configured with

either twin axisymmetric or two-dimensional inlets. Three circumferential inlet

locations were investigated: 90 ° , 115 ° , and 135 ° from the top center. Two vertical

wing locations, as well as wingless configurations, wera used. Three tail configura-

tions were formed by locating the tail surfaces either on the inlet fairings or on

fairings on the body. The surfaces were deflected to provide pitch control. Two-

dimensional inlets with extended compression surfaces, used to improve the angle-of-

attack performance of the inlets for wingless configurations, were also investigated.

Although the data of this report refer specifically to the two-dimensional inlet

configurations, comparison of these data with those for the axisymmetric inlet con-

figurations of NASA Technical Memorandum 84558 indicates that even though individual

values and levels of the various curves may differ, where configurations are compara-

ble, the trends are similar and conclusions formed will generally apply to the model

with either inlet configuration.

The results of the investigation indicate that the pitching-moment curve, for

most configurations, was nonlinear, with a large margin of longitudinal stability at

high angles of attack, but with little or no margin of stability near an angle of

attack of 0 °. The model had marginal lateral-directional stability for most con-

figurations; the X-tail and the inverted tri-tail resulted in lateral-directional

stability for the entire range of angle of attack. The model with an inlet orienta-

tion angle of 90 ° could not be trimmed at the maximum angle of attack (20 _ ) with the

maximum pitch-control deflection (-20°). Only by increasing the inlet orientation

angle to 135 ° could the model be trimmed at an angle of attack of 20 ° with a pitch-

control deflection of -20 ° with either tail configuration. Of the three tail con-

figurations, the X-tail had a more linear pitching-moment curve and greater pitch-

control effectiveness. The extended two-dimensional inlet configuration without a

wing, as with the o.ner inlets, tended to have a nonlinear pitching-moment curve;

with the X-tail, the curve was straightened and the configuration was stable through-

out the angle-of-attack range and the model, could be trimmed at an angle of attack of

20 ° with a pitch-control deflection of -10 ° .

INTRODUCTION

During the past several years, several air-breathing missile configurations have

been investigated in the Langley Unitary Plan Wind Tunnel. These include one-, two-,

and four-inlec configurations with various wing and tail arrangements. The results

of these investigations have been reported in references 1 through 7. Although the

data from these specific missile programs have contributed to an air-breathlng con-

figuration data base, a broader data base is needed to better predict the aerodynamic

characteristics of candidate configurations and to better design an air-breathing

configuration to meet desired aerodynamic specifications. To provide a broader data

base, a series of models, which incorporates a wider range of configuration

variables, has been designed and tested.

The model could be confilured with axisymmetric or two-dimensional single or

twin inlets. The single inlet was located at the bottom of the body, whereas the



twin inlets could be located circumferentially from 90° to 135 ° from the top center.

Two vertical wing locations were available to properly locate the wing relative to

the inlets at the 115 ° and 135 ° inlet orientation angles to provide favorable inter-

ference between the wing and inlet at positive angles of attack. Tail surfaces could

be mounted on the inlet fairing and/or on fairings on the body to provide several

tail configurations. The tail surfaces could be deflected to provide pitch control.

The two-dimensional inlets could be configured with extended compression surfaces

intended to improve the angle-of-attack performance of the inlets for the wingless

configuration.

The present investigation covers tests of the twin-inlet configurations, both

axisymmetric and two-dimensional inlets. The inlets were located at circumferential

locations of 90 ° , 115 ° , and 135 ° from the top center. The wing was located above the

model center line with the inlets located in the 115 ° position and at the model cen-

ter line with the inlets in the 135 ° position. The wing was not used with the inlets

located in the 90 ° position. Three tail configurations were used. A tri-tail con-

figuration with a vertical surface at the top center of the body and a surface

mounted on each of the two inlet fairings was tested at all three inlet orientation

angles. With the inlets located in the 135 ° position, the single vertical surface

was replaced by two surfaces in the upper 45 ° position to form an X-tail configura-

tion. Also, at the inlet orientation angle of-135 ° and with the two upper surfaces,

the two lower surfaces were replaced by a single lower surface to form an inverted

tri-tail configuration. The tests included body-inlet, body-inlet-wing, body-inlet-

tail, and body-inlet-wing-tail configurations.

The supersonic tests were performed in the high Mach number test section of the

Langley Unitary Plan Wind Tunnel at Mach numbers of 2.50, 2.95, 3.50, and 3.95. The

inlets were operating with flow through the model to simulate ramjet operation. The

subsonic tests were conducted at Mach numbers of 0.60, 0.80, and 0.95 in the 7- by

10-Foot Transonic Wind Tunnel at the David Taylor Naval Ship Research and Development

Center. The ilternal ducts were closed and there was no flow through the model to

simulate rocket boost.

Longitudinal aerodynamic characteristics, lateral-directional stability, pitch-

control effectiveness, and trim characteristics were obtained.

Because a large volume of data was obtained in this investigation, the data are

presented in three reports: Reference 8 covers the twin axisymmetric inlet config-

urations at supersonic speeds, this report covers the twin two-dimensional inlet con-

figurations at supersonic speeds, and reference 9 covers both inlet configurations at

subsonic-transonic speeds. Tne results of an investigation of the single-inlet con-

figurations are presented in reference I0.

SYMBOLS ..................

The coefficients of forces and moments are referred to both the body axis and

stability axis systems, where appropriate. Aerodynamic moments are taken about a

point on the model center line at a distance downstream of the model nose equal to

50 percent of the body length (fig. I). All coefficients are based on the cross-

sectional area and the diameter of the body.

cross-sectional area of basic body, 0.00456 m 2



CA axial-force coefficient, Axial force

qA

CA, i

C D

CL

C
I

C

internal-flow axial-force coefficient, Internal-flow axial force
qA

drag coefficient, Drag
qA

lift coefficient, Lift
qA

rolling-moment coefficient,
Rolling moment

qAd

C m

CN

Crt

C
n

Pitching moment
pitching-moment coefficient, qAd

normal-force coefficient, Normal force
qA

yawing-moment coefficient,
Yawing moment

qAd

Cy

Cy_

side-force coefficient,
Side force

qA

d

L/D

M

M.S.

m/m

body diameter, 0.0762 m

lift-drag ratio

free-stream Mach-_umber

model station

inlet mass-flow ratio (ratio of-inlet mass flow to mass flow at free-

stream conditions through a stream tube of cross-sectional area equal to

inlet projected area)

free-stream dynamic pressure, Pa



I

x'y'Yl,Y2,Y3

6
P

coordinates of inlet configurations (figs. I(c) and 1(d))

angle of attack, deg

angle of sideslip, deg

tail deflection in pitch direction, deg (positive deflection with leading

edge up)

inlet orientation angle, measured from model top center line, deg

(figs. 1(a) and 1(b))

Configuration designations (various components shown in fig. I):

B 1

11

12

I2c

13

I3c

T

T I

T 2

T 3

W I

body

twin circular inlets (axisymmetric inlet)

twin rectangular inlets (two-dimensional inlets)

twin rectangular inlets with inlet covers installed

twin rectangular extended inlets

twin rectangular extended inlets with inlet covers installed

tail

tri-tail, one surface at top center and one on each of the inlet fairings

X-tail, two surfaces at upper 45 ° positions and two surfaces at inlet

fairing; used only with _I = 135°

inverted tri-tail, two surfaces at upper 45 ° position and one surface at

bottom center line

wing, located at center-line position for #_ 135 ° and upper position

for #I = 115°; not used in combination wi_h = #I = 90°

MODEL DESCRIPTION

Details of the models are presented in figure I and photographs in figure 2.

The body was an oqive cylinder approximately 14 diameters long. An inlet of either

the axisymmetric or rectangular two-dimensional type was located on each side of the

body, separated from the body by boundary-layer diverters. The ducts extended down-

stream of the inlets to a point where they would turn and dump into the combustor.

Beyond this point, the external geometry of the inlets consisted of tapered fairings,

which extended back to the model base and provided support for two lower tail sur-

faces. Other tail surfaces could be attached to the body by means of fairings, which

provided the necessary s,pport and represented the volume that would be required for

tail control actuators.



The inlet ducts dumpedinto a commonpassagewithin the body. The internal flow
waskept separate from the balance cavity to facilitate measurementof the internal
flow and the balance-cavity axial-force and drag corrections. A rake at the exit of
the duct was used to measure the flow conditions needed to compute the forces due to
the internal flow.

The inlets and inlet fairings could be rotated in the circumferential direction
about the model center line. The rectangular inlets each had a boundary-layer bleed
slot which removedboundary layer from the compression surface and dumpedit over-
board. The axisymmetric inlets had no boundary-layer control. The wing used in the
tests was located so that its pressure field would enhance the angle-of-attack per-
formance of the inlets. The vertical location of the wing dependedon the inlet
orientation, and for inlets located on each side 90° from the top center line, the

wing could not be used.

An extended inlet configuration was also investigated. This configuration con-

sisted of the rectangular two-dimensional inlet with the compression surface extended

forward to station 28.829 to enhance the angle-of-attack performance in the absence

of a wing. The shorter of the two-dimensional inlet configurations was tested with

and without a wing whereas the extended inlets were not tested with the wing.

The airfoil of the wing consisted of an upper surface having a wedge leading and

trailing edge with a flat center section and a lower surface that was flat from lead-

ing to trailing edge. The airfoils for the tail surfaces were similar, consisting of

straight-line segments, but were symmetrical (figs. l(e) and 1(f)).

Two types of tail surfaces were used: one designed to fit on the inlet fairinqs

and the other to fit to the body in conjunction with a fairing. When the lines of

each tail surface type are projected to the body surface (fig. l(f)), their planforms

are identical. The tail arrangements available depended on the inlet orientation.

At all inlet orientations, a tri-tail was used, with a surface on each inlet fairing

and a top vertical surface. With the inlets located at 135 ° from the top center, an

X-tail configuration was formed by substituting two surfaces at the upper 45 ° for

the single vertical surface. An inverted tri-tail configuration was also formed by

substituting a single vertical surface at the bottom for the tail-fairing-mounted

surfaces. For pitch-control deflection, all tail surfaces except the vertical sur-

faces were deflected. The tail-surface deflection angle was measured in the plane

normal to the tail-surface hinge line.

TESTS

The supersonic part of the investigation was conducted in the high Mach number

test section of the Langley.Unitary Plan Wind Tunnel at Mach numbers of 2.50, 2.95,

3.50, and 3.95. The tunnel is of the variable pressure, continuous-flow type and has

two test sections, each approximately 1.2 m square and 2.1 m long. The nozzles lead-

ing to the test sections are of the asymmetric sliding-block type to allow continuous

variation of Mach number. A description of the facility is given in reference 11.

A rake having eight total-pressure tubes and four static-pressure tubes was used

to measure the flow conditions at the duct exit. Base pressure measurements were

made with the static orifices on the model base, and balance-cavity pressures were

measured with two static-pressure tubes attached to the sting and terminating near

the balance. Forces and moments were measured with a six-component, stinq-mounted,

strain-gage balance. Separate runs were made for the internal-flow measurements, but
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force data from these runs are not presented. Typical internal-flow data computed

from these measurements are presented in figure 3.

Three inlet configurations were tested: axisymmetric 11 , rectangular two-

dimensional I2, and extended two-dimensional 13. Configurations having inlet ori-

entation angles _I of 90 °, 115 °, and 135 ° were used. Each combination of inlet

type and inlet orientation angle was tested with body-inlet, body-inlet-tail, body-

inlet-wing, and b_dy-inlet-wing-tail combinations. Exceptions were made for all

inlets at _ = 90 ° and for 13 at all conditions; these inlets were not tested in
_ conjunction wlith the wing. Three tail configurations were used and are shown in

figure I (g). Pitch-control deflections of 0 °, -10 ° , and -20 ° were used primarily,

although some configurations were also tested with a pitch-control deflection

of +1 0 °.

Tests were made at angles of attack ranging from about -5 ° to +20 ° . To obtain

lateral-directional stability, runs at angles of sideslip of 0 ° and 3° were made.

Angles of attack and sideslip have been corrected for tunnel flow angularity and for

deflection of the sting and balance due to aerodynamic loads. The axial force and

drag data have been adjusted to free-stream static pressure acting over the model

base and the balance-chamber areas. An adjustment has been made to remove the

internal drag, where the internal drag is that drag associated with the momentum and

buoyancy acting in the stream direction from the free stream at exit conditions of

that flow passing internally. The Reynolds number was maintained constant at

6.56 x I0 b per meter. The stagnation dewpoint was maintained below 239 K to avoid

condensation effects.

All testswere made with the boundary-layer transition point fixed by means of

transition strips. The transition strips were located 3.05 cm aft of the body nose

and 1.02 cm in a streamwise direction from the leading edge of the wings, tail sur-

faces, and inlets. The transition strips consisted of No. 35 sand grains indi-

vidually spaced.

PRESENTATION OF RESULTS

The results of this investigation are presented in the figures as indicated in

the following table:

_I' deg Wing Tail 6p, deq Variable

Two-dimensional inlets 12

Effect I Figur e

measured I

Varies

Varies

90

115

135

135

135

135

135

9O

115

135

135

135

115

135

Off T I

On T I

Off T I

On and off T I

On and off T I

On and off T 2

On and off T 3

Off Varies

On Varies

Of f T I

Off T 1

Of f T 1

Off T 2

Off T 3

On T I

On TI

0

0

0

0

0

0

0

0

0

Varies

Varies

Varies

Varies

Varies

Varies

Varies

Inlet orientation

Inlet orientation

Model components

Model components

Model components

Model components

Model components

Tail configuration

Tail configuration

Pitch-control deflection

Pitch-control deflection

Pitch-control deflection

Pitch-control deflection

Pitch-control deflection

Pitch-control deflection

Pitch-control deflection

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Pitch-control effectiveness

Pitch-control effectiveness

Pitch-control effectiveness

Pitch-control effectiveness

Pitch-control effectiveness

Pitch-control effectiveness

Pitch-control effectiveness

4

5

6

7
8
9

10

11

12

13

14

15
16

17

18

19
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#I' deg Wing Tail 6p, deg Variable Effectmeasured

Two-dimensional inlets 12

Figure

135

135

Varies

Varies

9O

115

135

135

135

135

135

On

On

Off

On

Off

On and off

On and off

On and off

On and off

Off

On

T 2 Varies

T 3 Varies

T I 0

T I 0

T 1 0

T I 0

T I 0

T 2 0

T 3 0

T I and T 2 0

T I and T 2 0

Pitch-control deflection

Pitch-control deflection

Inlet orientation

Inlet orientation

Model components

Model components

Model components

Model components

Model components

Tail configuration

Tail col ; " "ation

Pitch-control effectiveness 20

Pitch-control effectiveness 21

Lateral-directional 22

Lateral-directlonal 23

Lateral-directional 24

Lateral-directional 25

Lateral-directional 26

Lateral-directional 27

Lateral-directional 28

Lateral-directional 29

Lateral-directional 30

Two-dimensional extended inlets 13

Varies

90

115

135

90

115

135

135

Varies

9O

115

135

Off

Off

Off

Off

Off

Off

Off

Off

Off

Off

Off

Off

T I

T I

T I

T I and T 2

T I

T I

T I

T 2

T I

T I

T I

T I

0

0

0

0

Varies

Varies

Varies

Varies

0

0

0

0

Inlet orientation

Model components

Model components

Model components

Pitch-control deflection

Pitch-control deflection

Pitch-control deflection

Pitch-control deflection

Inlet orientation

Model components

Model components

Model components
I

Longitudinal 31

Longitudinal 32

Longitudinal 33

Longitudinal 34

Pitch-control effectiveness 35

Pitch-control effectiveness 36

Pitch-control effectiveness 37

Pitch-control effectiveness 38

Lateral-directional 39

Lateral-directional 40

Lateral-directional 41

Lateral-directional 42

DISCUSSION OF RESULTS

The effects of inlet orientation angle ¢I on the longitudinal aerodynamic

characteristics are presented in figures 4 and 5. At all three inlet orientation

angles, the model was stable at angles of attack above about 6 ° . There was very

little effect of ¢_ on the longitudinal characteristics for _. = 90 ° and 115 °

(¢I = 90° could no_ be tested with a wing). For both values of _ ¢ , the slope of

the pitching-moment curves changed abruptly at an angle of attack b_tween 4 ° and 6 °,

and the longitudinal stability was less near an angle of attack of 0 ° than for values

of angle of attack above about 6 ° . IncreasiDg ¢I to 135 ° reduced the longitudinal

stability, as well as the slope of the lift curve. At large values of angle of

attack, the model was very stable; at angles of attack near 0 °, the model was neu-

trally stable. With the wing in place (¢I = 115° and 135°), the stability level was

less. With #T = 115 °, there was near neutral stability near an angle of attack of

and with $I = 135°' the model was unstable in a range of angle of attack near0 o ,

0 ° . As ¢I was increased, the planform area of the aft end of the body was

decreased; this resulted in decreased longitudinal stability.

The effect of the various model components on the longitudinal aerodynamic char-

acteristics is shown in figures 6 through _0. q1_e body-inlet configurations show a

trend towards little or no lonqitudinal stability near an anqle of attack of 0 ° with

a rather larqe margin of longitudinal stability at high anqles of attack. Although

increasing #I decreases the stability level, there was at least some small range of
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anqle of attack ,it whl.ch the model was stabl,,. /_Idi, nq tail '_I i.ncream_d the l.omI[-

tudLnal stabili.ty and caused the pJtchi.nq-moment curve to become more linear. At

= 90 ° and 115 ° (fiqs. 6 and 7), tile model wa'._ stabh_ thr_mqh the entLre ranqe of
I

angle of attack, whereas at ¢I - 135° (fig. 8), the model was near neutrally stable
ne,lr an auqle of attack of 0°. Adding tile winq to tile body-inlet had the effect o_

decreasing the longitudinal stability ,Ind causluq the pitchinq-moment curve to become

more nonlinear. Adding tile winq to tile body-inlet-tail also reduced the lonqitudlnal

stability, but retained some of the favorable effect of the tail. _is was particu-

larly true with tile X-tail, T 2 (fig. q), which was more effective than T 1.

A direct comparison of the longitudinal characteristics of the model with T[,

'P_, and T 3 is made iil fiqures 11 and 12. Without the wing, the model with T 2 haa

l{near pi{chinq-moment curves, particularly near an anqle of attack of 0 °. With the

wing, T 2 provided a more linear variation of pitchinq-moment coefficient with angle

of attack than with either T. or T 3. Near an angle of attack of 0 ° the variation of" ] '

pitching-moment coefficient with anqle of attack was similar for T I and T3; at _x_si-

tire angles of attack, tile curve for T I was located between the curves for T_ and T 3,

whereas at negative angles of attack, the curve for T 3 was located between t_e curves

for '£I and T 2. This indicates that the windward surfaces were more effective than
the leeward surfaces, and that both upper and lower surfaces (as for T 2) were

required for tile more linear pitchinq-moment curves.

To consider the effect of tile various model components on the lift or normal

force, tile pitch control and trim characteristics should be considered. Pitch-

control data are presented in fislx,res 13 through 21, and include longitudinal ch_:irac-

teristics with pitch-control deflection 6 of 0 °, -10 °, and -20 °, except when

limited by balance limits or model fouling p Because of the large margin of longitu-

dinal stability, some coufiqurations could not be trimmed at the maximtnn angle of

attack (_ = 20°). For instance, at M = 2.q5 with #I = 90° (fig. 13(b)), the

inlet-body-tail model• trimmed at _ -- 13 ° with a pitcH-control deflection of -20 °.

At these conditious, a value of C N of 5.5 was achieved. Changing the inlet orien-

tation anqle #_ to 135 ° (fig. 15(b)) decreased the stability level so that the
I

model was trimmed at _ _ 20 ° at a pitch-control deflection of less than -20 °.

Although tile untrimmed C. was decreased from about I I to 9 by the change in #_,

the trimmed C N increase_ from about 5.5 to about 7.5. Adding tile wing increased

the available normal force by tile wing lift and by the increased trim angle of attack

because of the destabilizillq effect of the wing. With the wing oi%, at M = 2.95

wlth #I = 115° (fig. 18(b)), the model was trimnlcd at _ = 20 ° with a pitch-
control deflection less than -20 , with a resu]tinq C N of about 11. Increasinq

from I15 ° to 135 ° (fig. 19(b)) decreased the stability, and the model could be

tIimmed at L_ _ 20 ° with a pitch-control deflection of less than -I0 °. _le corre-

sponding CN, however, remained at about II. The smaller value of C. for the
reduced planform area of tile confiquration with # = 135 ° tends to _e balanced by

tile reduced negative normal force C N due to smal{er pitch-control deflection.

_le X-tail T. configuration (fi.q. 20), compared with tile tri-tail T 1 confiq-

uration (fhl. 19)_" had both a greater mar(fin of longitudinal stability and a more

linear pitching-moment curw.. Trim could be achieved at the maximum anclle of attack

( 20 ° ) with pLtch-control d,_flect ton of only about -10 ° since the pi tch-control effec-

tiveness is higher. _imilarly, t,_il T 3 provided a different level of stability and
eout:ol effectiv.,uess (fill. 21). However, with-either of the three tails, for both

the win_l-on and win_l-off confi_lurations, the trimmed C N corresponding to the maxi-

mum dnqle Of ,Itt,lck was independent of tile tail Collfiqlll',It[on. Tail T 2, therefore,

must Ix- consider_,d to bt, t-ht, bet tt,r t-Ollfitttll-atioll of tile three confi¢lurations tested,

becdu,qo the pi ft'l_.i _ltl--_lOrll _nl t'lllve8 ,Ire illtlr( _ lJ npar.



_%e data for the two-dimensional extended inlet 13 are presented in f i_;ures 31

through 42. With T1, the pitching-moment curve exhibited nonlinearity as with I and

12. With the X-tail T 2 (fig. 34), the pitching-moment curve became more linear and

the model was stable throughout the range of anqle of attack. With T 2, trim could be
achieved at _ = 20 ° with about -10 ° of pitch-control deflection, as_shown in figure

38. The maximum trim normal-force coefficient was generally between that of the 11

and 12 configuratlons.

The change in both planform and lateral area of the aft end of the body which

accompanies change in the inlet orientation anqle would be expected to change the

directional stability as well as the longitudinal stability. This effect is seen in

the lateral-directional data shown in figures 22 and 23. As the inlet orientation

angle _I was increased, the change in directional stability was more linear with

_I than the variation of pitching-moment coefficient; there was a significant dif-
ference between the CnR for _y = 90 ° and 115 ° (wing-off) data, whereas the dif-

ference in the correspo6ding vaIues of Cm was much smaller. Since the increase in
lateral area caused by increasinq #_ is below the model center line, increasing

_T would be expected to decrease th_ lateral stability. This effect is also seen in

the data of figures 22 and 23.

The effect of the various model components on the lateral-directional stability

is shown in figures 24 through 28. Generally, the body-inlet alone was directionally

unstable. At #_ = 90 ° and 115 °, the model was laterally stable at moderate angles

of attack, but a_ _I = 135°' the body-inlet alone was unstable for the entire range
of angle of attack. Adding the wing tended to decrease the directional stability and

increase the lateral stability. Adding the tail to the model either with or without

a wing resulted in increased directional and lateral stability, but only T 2 and T 3

resulted in a margin of lateral-directional stability for the entire anqle-of-attack

range.

Comparison of parts (a), (b), (c), and (d) of each data fi_ire qives an indica-

tion of the effect of free-stream Mach number. The only effect seems to be an over-

all reduction of the coefficient values and a somewhat straiqhtening of the pitching-

moment curves. The trim angle of attack was generally reduced.

CONCLUDING REMARKS

A series of air-breathing missile configurations has been investigated to pro-

vide a data base for the design of such missiles. The model could be configured with

either twin axisymmetric or two-dimensional inlets. Three circumferential inlet

locations were investigated: 90 °, 115 ° , and 135 ° from the top center. Two vertical

wing locations, as well as wingless confiqurations, were used. Three tail confiqura-

tions were formed by locating the tail surfaces on the inlet fairinqs or on fairings

on the body. The surfaces were deflected to provide pitch control. Two-dimensional

inlets with extended compression surfaces, used to improve the angle-of-attack per-

formance of the inlets for winqless configurations, were also investiqat_d.

Although the data of this volume refer specifically to the twin two-dimensional

inlet configurations, comparison of these data with those for the axisymmetric inlet

configurations of NASA Technical Memoral_dum 84558 indicates that even though individ-

ual values and levels of the various curves may differ, where confi_urations are com-

parable, the trends are similar and conclusions formed will qenerally apply to the

model with either inlet confiL_uration.



As a result of the investigation, the following general trends maybe observed:

I. For most configurations, the pitching-moment curve was nonlinear, with a
large margin of longitudinal stability at high angles of attack, but with little or
no stability near an angle of attack of 0° .

2. The model had marginal lateral-directional stability for most configurations;

the X-tail and the inverted tri-tail resulted in lateral-directional stability for

the entire range of angle of attack.

3. The model with the 90 ° inlet orientation angle could not be trimmed at the

maximum angle of attack (20 ° ) with the maximum pitch-control deflection (-20°). Only

by increasing the inlet orientation angle to 135 ° could the model be trimmed at an

angle of attack of 20 ° with less than -20 ° pitch-control deflection with either tail

configuration.

4. Of the three tail configurations, the X-tail had a more linear pitching-

moment curve and greater pitch-control effectiveness.

5. The extended two-dimensional inlet configuration without a wing, as with the

other inlets, tended to have a nonlinear pitching-moment curve; with the X-tail, the

curve was straightened and the configuration was stable throughout the range of angle

of attack and the model could be trimmed at an angle of attack of 20 ° with a pitch-

control deflection of -10 ° .

Langley Research Center

National Aeronautics and Space Administration

Hampton, VA 23665

November 8, 1982

I0



REFERENCES

I. Sawyer, Wallace C.; and Hayes, Clyde: Stability and Control Characteristics of

an Air-Breathing Missile Configuration Having a Forward Located Inlet. NASA

TM X-3391, 1976.

2. Hayes, Clyde; and Monta, William J.; Aerodynamic Characteristics of a I/4-Scale

Model of MORASS Missile Configurations at Supersonic Speeds. NASA TM X-3354,

1976.

3. Hayes, Clyde: Aerodynamic Characteristics of I/4-Scale Model of ALRAAM Missile

Configuration at Supersonic Speeds. NASA TM-74075, 1977.

4. Hayes, Clyde; and Sawyer, Wallace C.: Aerodynamic Characteristics of a Model

Simulating the Gainful (SA-6) Missile at Supersonic Mach Numbers. NASA

TM X-3493, 1977.

5. Hayes, Clyde; and Sawyer, Wallace C.: Aerodynamic Characteristics of a Series

of Air-Breathing Missile Configurations Investigated as Part of the SASS

Program. NASA TM-80139, 1979.

6. Hayes, Clyde: Supersonic Aerodynamic Characteristics of a Twin-Inlet Advanced

Intercept Air-to-Air Missile (AIAAM) Configuration. NASA TM-83178, 1981.

7. Hayes, Clyde: Aerodynamic Characteristics of a Supersonic Single-Inlet Missile

Configuration Investigated as Part of the Advanced Intercept Air-to-Air Missile

(AIAAM) Program. NASA TM-83177, 1981.

8. Hayes, Clyde: Aerodynamic Characteristics of a Series of Twin-Inlet Air-

Breathing Missile Configurations. I - Axisymmetric Inlets at Supersonic

Speeds. NASA TM-84558, 1983.

9. Hayes, Clyde: Aerodynamic Characteristics of a Series of Twin-Inlet Air-

Breathing Missile Configurations. III- Axisymmetric and Two-Dimensional

Inlets at Subsonic-Transonlc Speeds. NASA TM-84560, 1983.

10. Hayes, Clyde: Aerodynamic Characteristics of a Series of Single-lnlet Air-

Breathing Missile Configurations_ NASA TM-84557, 1982.

11. Jackson, Charlie M., Jr.; Corlett, William A.; and Monta, William J.:

Description and Calibration of the Langley Unitary Plan Wind Tunnel.

NASA TP-1905, 1981.

11



/

\

\

x _

c _

o. c:

,1 _t _

OF pOOR QU/.kLII'I'_'_

l ....

V

T
1
i

I
I
I

I

I

I

_" _

• ..,- _..J Z _
_,_,-_--_-_,,,,_ o .,

o "-d

0
.,-I

Ill

c
0

Iw

N

C
or'l

0

Ill

m

t.

I11

r_

C

m
C
0

o_

C

°_

.el

n:J
0

0

m

!

g

12



ORi_l ................
OF POOR QU.gLI'F_

I

\ "
\

\

) --

.el

0

I

g

13



_-F: ;_ _

ORIG|NAL I.;,\C-':_..
OF poOR QtjAL_'T'_;'

M. S. 46. 355 M.S. 60. 519

I
t

M, S.44.374

A,,_-

Section A-A

AJq

nlet end inht fairing

.................. 27.94

l
3"

-1 ?,oo.o
Model base

I

I
_-______t

_"--BTa i'll s u rface

hinge line

Section B-B

......t _ .i ',_.,,, 2\
/ "-! " .,3s c X
t- .... 4.783 - -_I _, __

/

centerbody support

Inlet centerbody
coordinates

.000 _ .000,

q 1.260 .2291

1.712 .325

2.347 .460
2.819 .579
3.185 .688

3.475 .785

3.815 .914
4.061 1.024
4.2_2 1.128
4.783 |.463
5.604 1.631

13.020. .000

.__L ---_____:_
-r-.: -7--- I

2.365 ------_
, I

Section C-C

struts spaced
120 ° apart

Inlet i#41

(c) Axisymmetric inlet and inlet fairinq.

Fiqure 1.- Continne4.

14



ORIGINAL ...." ;,_

OF POOR QUALITY

M _. 43. 434 M.S. 55. 880

1

....... ,-------------1

I

M. S. 44. )$]

/"

2,921"_

6_

)

22. I)43 -,_

Tail surface hinge line-." C , I

o

!

,w- 6. 096 "'i

Section 6"B Section C-CSection A-A

Inlet and inlet fairing

M. S. 35. 687

! 3. 335

....... 6. SSS --------_ 2.0)2 ,- E _..._

_]L ("2. 540",- F.-7 i i / .......

Extende(J inlet 12 ---Surface 2 ,_J.__._ ,
inlet 13 I- x / _,) ...... , ........... _J

+y E .... / / ?

- = "_ 3.62 ° _. 68(_

i Surface I - I X

M, S. 44. g3! _-Surfice 3

_£

'- 3.)o_-_+
i i --' o

w_ 4.0_4

Sechon I-[

l

Sect,on r- f

(d) Two--_imensiona I

Inlet surface-coordinltes

z : y| q z Y2_.__ Y3 .

" oooi ooo!,, _.z44:4.0_4.0_,
i.q20) OOOlc: i O. S02' 4.190 4.270*

3.861 [ .340i _ 0.063 4. 305 4.412

4.401 .402i_ "|0.22| 41)0_ j 4, 5_(
S.03_l ,sqzm_ [ 0 502 4.418! 4.620

'.._19] .116 "s.- 10.940 4._4,: 4._,09-

5.936 .8461_, lll.)O0 _ 4.)92 4.1)7)

;11.b59, 4.625 4,79)6.320 .(U3f z

_._.64 ] 94|'_r -J_ i|2 0|7. 4.64_ 4._26

9.144 1.08]_J¢- T 112.377 4.6401 1.844

9.906 2.2_6 '12.136! 4.6))3 4._44

)2.$/) 2.471_ _ --- _oun{ar 7 le)er

l_.J_]_i.)_._ -- _lee_ slot

inlet an,') inlet fairinq.

Figure 1.- Continue_.

15



Wing-root
extension
for upper wing
position

OF P00_?"C!'_..... = '
--_1. 938 _--

5.436 =I_ 4.750 "_ 4.648

_' 14. 834 _

.050--"

O0

O0

.478--._-_tl_--

\
_ 16. 708

\ 1.
\

\,

_+

I

,,I/i Upper wing position
el=ItS°only

/

/"

J

t

\

Lower wing position -_
,_ 1=135=only

(e) Winq.

Fiqure I,- Continued.

16



I'llL::.' :.'. i

• -- 5, OiO .... -4,,

//

Inlet hlirln 9 _ /

Tile lelrin 9 -.__ _L._

Body surfice ._ _,_./" "/ -- _ _

_,__-:_ -____-__

/
/

F......
!

I .6)$ "

17.18B j

Till suffice

Inlet llirlng

_v

J

°'°

..... ....

_---Hingr line lor Inll, t-filrln

i IIINCJe line for body mounted fins

I

/

I

-i

-mounted fins

i

.... tr . _ _

Inlet-fllrlnLj-mounled IIII surll(e

r

I

,o--_.080 ......•
Hin(le lint --_

- ,r --,-

liil-filr,r._ "_.r'It_ ttil t,,_rll_@

tt_1. ,,,,

t T

(f) Ta_l.

17



oRIGINAL P,_,C_ _
OF pOOR QU_,LL'_-"V

/- ,,

T

T
m

i "-

o=

p.-

m
p.

\

T
0

o,,,

,0

p-.

I,..

_o

0
*el

4J

O0

.el ,_

0

u

• el 0

I

0 ,-

E
°_

E



ORIGINAl PAGE

BLACK AND WHITE PHOTOGRAPH

n_
0
E

0

or,l

0

1.4

o _

°!

0 _
oM

0

0

I

g
o_

Z .......

19



._ _'_ t-,, ¸ORIGiNN. FA_,

BLACK AND WHITE PHOTOGRABt'-t

0

_ 4

E _

0 I

•,-i _

_ g

,lo

2O



.24

.22

.20

.18

CA.i .16

.14

.12

.10

( _ 8 tO t2 Id lb 16 20

o, d19

.... 2.0

.... :1

i,4

_|
i

_i:,""'_t i' 2 mlm _

I :il.O

i*/:,!iil' s

_r

!i?_iil:o

ilii_i

i!_:!i

i[:i!

.i

I

i

(a) Configuration B II2; _I = 90°"

Figure 3.- Internal-flow characteristics of various configurations.

21



ORIGINAL PA(_ _

OF POOR QUALITY

22

LO 12

(b) Conf. iquration BII2; _I = 115°"

Figure 3.- Continued.

............................................ __i_a



(c)

ORIGINAL PAGE _'_
OE POOR QUALITY'

Confiquration P'II2W1; #I =

P[qtlt'_, 3=- f'nnl-it1|1o,_.

1150 .

23



ORIGINAL P:"_{_': f_
OF POOR..QUfaL|"I'Y

iii_i

 ilili!iil
di;i

iilli'1_',,

ii_!il

+!iHii

!if!'°
_i}!ii!iiii
+i.+.__iIiX

+++++++++
_it ....
iliii!i:Fi

,_I!++iiii!_[iii

_ ili!

i!i!i!iiil

'_!_'_!ill

i i:Ji:!

iii;;

O.deg

4

0 mlm_

8

.6

.4

.2

O

(4) Confiquration B112; @I = 135°"

Fiqure 3.- Continued.

!/
24



OF POOR QUALI'iY

_t,r, ,_,l*

iii,i _!ii_
i;!, i:_!I

_ .

.... I*H'_
i_!!!

:iil_,

I_!!i'

';;!_ ilili
_iiii

;iiii

ili_i!

..... :!ii!i

iii!ii,:!,i_
i!]il !lii_i

_1!!_ ii'=i;

,=_,iiil;
iiiiii[Iii
_rililiiill

_iil!ii!i
N_
_!all:iiii!
ii!il

[i!ii!
:i_i i"ii'

::!il

I.__ _:!!

i

::_ if:ill

.u
•i;:. i_-

:;i!!i _

::1

"h.

ill,,

!,iii :1_,!;:!i!

!h'l

:,ii:,!! !!i!i_

_!:,il ii'_ii
h_;t

i!i!_ .;.

i_;"=. _lii!

i[!ii

:ii!_!ii',ii

111'_:i
[li_il

N
lill:l

i!igi :'"'

_ii, !!!i!:

iiii! iii!i

,:ill !iii
I?Ii_

L:', :_}

L- ._-

I:.
:I:_',
,Li.i

ill:

i_lii
:ii,!
iiI;i

ii_iI

::i'!i
:ih!

_)il:l

!iii_i

!:!!_:
l]:]i

!!i_!

;iiii

i!_}il
[i!!;i

i!;ill
ili!_i
i!ii_!

.:i

L...
[ .

i-

....

IO

A

:.. ...... I " '

1:1_

: :.:i .,.:i

5__

!i:;iii'.i)_,;_!:'.-

_ ",; _,!.,. ,:,... :-.

:_ i;_:'' i: _: _ :;

_ _: :..

;_!!_ ii!_ _'.!:=. i:!:! ";;i_

"__ i_.

-- -- L.....

.... L .......

I

! : I

IO 18

(e) Configuration BII2WI; #I = 135°"

Figure 3.- Continued.

--_--q_o

-'L I,A

- 1.6

"_'" -[.0

.6

i
::,;.
-,_ ,i =, --i

•. ;+-- i

• :,,.

.;....
r. =..

,:,, ,

,...:...

:.!!i E::._.::

:_ ., :... -.

•.::.: : ..

•": :., .L..

I

i.

--.! ....

i

L .

mlm_

25



oRIGINAL p_G_" _,%
OF pOOR QuP,U"_

(f) Configuration B II3; ¢I = 90°"

Figure 3.- Continued.

I,?

mlm_

1,0

,8

,6

.4

,2

0

26



ORIGI_,_,L P,_,Q>_;,_;'

OF POOR QUALI'i_.

;i

• 32

• 3{

.28

,25

.24

• 22

.20

.Is

CA.i .16

.t4

.i2

_1_
_iil!i,:

!ii
ili i 71111
II i; ,i :i
i!ii Lli

!: Ii1!
1i7_!I!!i' !i
.hi. _

I!ii!!
_!liiill.....
i!i+i_:!
iiii!, _+_+

ii!i :i

pi_ mTi: _ !iii

_i rill

i!i i!iiiii? iiiii
iil.....iii
:iil ilii
i!! ii!!!
iiH!ii

.!i

III !II

iiiii

17,iii
I]!i!

i!_i!i!i
!ii

!'.ii7ii

!':i .!!il
';ii iii

7: !i!

k:" i'_)!

o__

I:i!

o_ _

.07 _._

i!:! I()
' L

0 ....

]
,!]_;
:_,;!

ii:Iii
:11,,

ili!

.,,,.,

iiii
ili

!!!
mf

Ii!ll

iti
i!1
£I

2

3
3

III

!i!,
i!i

!1!i

I!!!

i!i
ill
:iii

i!!i
!bl

:;q.

!i+:ii

i!i

i!i

}:i,

i!.i_

i).:

i!!

]:

ili!_

ii,
N
_i!ii
11i

I!i
it]i

iii
N

I!i

iii

:_!.q

;iii

Gi:

'5

ill;

!l:li iBi:

!Ii lid
ill _!_i!i;

!iili_

ii'l iiiii

i!i _Jl

g_
INIII_I

!!!! ..,

iiiH

N_
..... Iiii

liii+"
ii+
!i! i!ii

.... ti

LNI !iNi!i
ii!il !!i!ii:
iiii! iiill

7!!

ill
iiii_

]iii_
!I!!LV

'.i!!!

1!111

i:,:_iii

I1ii

iiiii
t!i!i

p ):
L,:::

1,7

I'

L_

_:11,i

iiiiiu+l+,iII!i_

!11117!iii
ii!i ;l!m+

tii:

i1!/
ili i!_!b!

iiii

!!!!Iiiilli

iiiiii il Ill
• Iii!11

ili iii!

ii +

Tn_iI: liil
!!! !!!]!
1!I i!tl
!ii iiill
IfJ

Ii_ liii

I1:I_ liiL?+

iilliiili

+_i!i!iilii
!i!iiiii
!iii i_ii!

ill i!!ii
iil iiill

I!ii

ii!ill
iil H!i:

;i;!._ iiii:_[

ii ii

i!i:t:)ii

t:?:!:!:
I:::I_!ii

(q) Confic_iration B!I3 ; _I = 115°"

_iqure 3.- Continued.

....... +1.8

_-_I,4

,::-. +" "_ m/m_

i.: ::: I. O

i,,+;; +_++iI

+i!!++m.,
,?if:iii!!}l

..... 0

,+,......iii!:t

ill _iiiiii
_,:i :_i!l!
i!+::i:i:[i

++i+:l++

+++++:_++7+i

 ;i117
2_
: ;:2
T.! :!:-_

: !i :':[;

!!_ ::i]

c I:!)i:

"i !':1

i I

27



ORIG'dNAL _"• ,,,"....
OF POOR QUALf'_T

28

-- ;;E

•i i_

!;iili
7::!i

!!i

_iiii

•)2 ;i_

.30 "_

.28 .2,

:i:i
.26 '¢"

24 _-

• 20 _

CA.i . 10 ---

1

.lO .,_

Oo •

Ol ±:;.

• C2 5

i .... I -7-

I

_L

-r --_

: ;.-i " , •

,_ -_ ._.,

i)
-t "_ ' t

i {•._ .._.

..... L J_J
II IO I$

(h) C_nfim_ration BIT3; (_I = 135°"

Fi(lura 3.- Concluded.

I . "]"

=

A_
• J. I

t" i::i

71":]7:¸.•:, , ii!i

...,_., ........ fl:..71

• ,:]..

i:il:,iiii-7_

......i-: U

i :

i .:i .....

..... !a..: ..i. :;:.

i ;

I I

_ L

:.. il

i ,

q .... 4- ,-

_2_! ;•

i ! _

' ]

2_'!

T .... i

;0 2_

2.0

,,8

1.6

tll/Ill _

1.0

.11

.4

0



ORIC_TT"._:",t.i',', "','i i':I

OF P_JO_ '_": " "

!

• i

i ' i

]

i k

I d l

I i

l t _ i ,l
' I i T i

! _ I i I

I,..-,;,e''_'__'" :

i _ i

!

!

i

_t

4

f .....

I



ORIGINAL __,.,_-re,"

QU/.,-I _;OF POOR _ '"_;

(a) Cont inue,i.

Yimlr- 4.- Cnntin_larl.

3O



ORIGIPAL I=.L_-:I: i:,_

OF POOR QU,_,.II_, •

4

)

-5

..;-.::.i-._........ .............0 9o ' i _.! ............_L:_ ' .......i: ...................... i
0 115 _ .; _ I , ! ,

................._.... i , i

i . ! i. i , i . ' : ' T.--:-:-,.._.....+-.-I....i-:......!....... -t.............i...........:i...........:-T_.........',_..........,_............_i......

• i .t :i,, ! : i :.
----!_-L t........ l--_ t "

, I : I • :: ' .i i i . ! ; {

6 1 t I ! . J _ ' ' . _ _ , t I

..... i ...... "...........i - ................ } ........i - _-71!............2 .......... _........ P--_...... r- ......... : _.....

! ' i '

} t _ i .... {..... , t , _ t
i ,4 i : _ , i i

--T" ....... !" ........._......
........ J: _ _ , i i
i : ] ;"

_ _! I i _ -
O_ -6 -4 -2 o 2 4 _ g _, I_ 14 16

CL

_----'_-,0_ I i i

%......... .; ......... [ ........ •

t ........'.....' '°i iili_::':;!::,ii;_ii?_:;_:i;_ili_!_ _: ..... '

i_ _t_::__:] __,_:_-:,:-_:-:,_ , ......,--_-;--_....
: I: _ ]: " i : I i _---_- '"

: : . . : .... : :._-:, :_7- I....... -_::T.----l==-i.-T. 1----T .......... : ..... ....... ;- ....................
-_ il. I. ; i 1 ! . 1 ,:.. i _ ;. I _ , ,

:::i:I::_;_:1_- I_;1 I : I' I ', : i ! t i
_'_'_"............... --- ":'--'; "_.__'::;"--:':.............. i:'-: ----4.:-.. ..... :1":"-_ ' -_l'i...... :.: ........ I_..... '............. ____

-4 ',...:. : !: ]. • " " .' ' '1 .... :

..... .;1.......... _...... :.. t..... |- --- _ ............ : - -- -I t 4
I. ' " _ .....F -T- ................................. r ", t• ] I ! • , ' : , , _ :

: ] .[ eI , de9 i ': ', , ! ---..L. ...... __._ .f

Co )

(a) Concluded.

Fiqnre ,_.- Continued.

31



+'I

ORIGINAL -">_-"
OF POOR QU._LITY

CA

(b) M = 2.95.

Figure 4.- Continue_.

32



OF POOR QU._LiTY

? 4 e S

c L

(b) Cont_nue_.

33



OF POOR QUALITY

0

LID

-)

(b) Concluded.

Figure 4.- Continued.

34



ORIGIND!L P_. _

OF POOR QUALITY

CN

(c)

Fiqure

M = 3.50.

4.- Continued.

?0

J

i

35

_mw.L"_ 1



OF pOOR QUAL_T'(.

_c) Continued.

Fiqure 4.- Continued.

36



, _e_'Imm w

O_,"e _' , : ," V't" "? ..... '

OF POOR ¢_UALFFli:'.

0

LID

-!

(c) Cone lude_.

Fiqure 4.- Continu_c].

37



?

38

OE poor qUALtl"¢

(4) M = 3.95.

_i(_ure 4.- Continue_+

1,2

.8

.4

0

............ __ ...._ _- ........±,_



_, . i t ,

OF POOR QUALITY

-10

-12

20

16

16

14

12

IO

o,

deg $

6

39



o

I/I)

-|

OF pOOR QUAI.ITY

L ,40

('L)

(_"1) (."om_lt.lLte_t,

1"_ qtn'e .4 .- (-'nne 1 xl(_,',_ •

16



ORIG_N,%L P['/IF._._

OF POOR QUALITY

1.2

.8

C A

.4

Fiqure

-4
-6 -4 -7 0 ? 4 IO IP 14 _ 16 |8 20 ?_

(a) M = 2.50.

5.- Effect of inlet orientation anql_

characteristics of configuration
_ on lonqitudinal aerodynamic

BII2WIT I. 8p = 0 °.

41



ORIGINAL PAGE 15

OF POOR QUALITY

(a) Continued.

Fi,lure 5,- Continued.

42



4

i

| . . ,

I

E
t

/

-4 -*-

-_ p.

'_'[1 t •

q

o

-!

i
i

!
r

¢1 • dr,,l

1 It _

i
i

i

i

!

z _
i ,

i

i •

.o ..

ORIGINAL F'_?,G_,_,_

OF. POOR QUALITY

I
:t

.;,-

i I 'r
t I

i .... i

.... t .... i '- _
, ! i

i

i 'II

I
I

i

t I_.t l.'

i

.... I

(,|) , ", '..t_,- 1UL_I_,.,| ._ ........

l.l'

t4

4._



ORIGE',_.;_ VAC,i!.: {J

OF pOOR QUAL.[I'_"

-6

-8

-lO

-12

lO

44

(b) M = 2.95.

P'i,,_lre 5.- Contin_l_4.



r

OF POOR £)UALII'Y

(h) Continued.

Pique',, _,.- Continu#d.

45



oRIGINAL PAG_ IS

OF pOOR QUALITY

-4

4

I
....i-_-I----r---I__........I........

.....!_-_:=F-:=]-=, ....-ij
......II..........i:--i--ii........F_

I ..... ±:_ ....... ) _i

: i

............ i................

"_ "'i . I

] :

0_

CD 3

i
.... I::J---

'= ! ! : ! I
......i...........i.......-_..........:- I .............!....

fill I . i . :I"....-_.,•. . , ,

__4t__I__.÷....._--_...::,_.-___:.......... _....... _......._ ....

.......IV-......!--; ....r .........!.....
I i. ' i i,, .!

! ' ' i
I I i i ;

= _-}......i:........!=................_---..

i . i i

t

....._,........"........I"i / I I

! i
!

i I

; ! ---c--

i I

J

---_ ° _

4 i -k! ,7__--i_r" , 71
..... i............ ; ........ [. I ''

} ?

_ ! t i i. :i
...... ! ...... L......... _-.................. "......

. !

o lt_ " i _ _ --
0 i,s i ......... ,........... i......... ,-:.... -!

_:

! I _ I •

L , i , ; , I

I ' i I
__i,,...........r_l_ i_F_!.....i'--I

i ; i

' ".... i -ii ....+......... i ............_.... ' ,
, , _ ..... _ _ ! _ ,! • :l

i _ i t i 1 ' !7" "
........... L ................... _J .... m__ _... ...................

i ! ! ii!. !l i-1 ! _!l_--I ! IL
i ! ' I _ ! :1 •7

_......................... £....... _-- - -_ ..... _-_ ..... r..... _ + -- i ........ i ......... -

! t"...... i- - .... +...... _-----_' .... 4 ...... .:- ....................

! :

CL

(h) Concluded.

FiQure 5,- ContLnu_d.

... •....



ORIGINAL PAGe. |_

OF POOR QUALITY

• 1 h: i " "

4 --_J-- ..:7_ !. .....,,,_1:.

i ,. ,

2 '*.

i J.

Cm -4 " ' ....... ' ;

:!: ::'i:;i!_iii :._i!ii(I:i:
I
• r'i I

4_

I i•:2!i/i!I.;_::l;:_:
:::.l ': ;' ""

i :J[ _i t:_
i

-1_ h,, !F :;: :!ili_!:._,

.i .
---_..... _l, ( eg i-_1

!

, i....

> r
......... t . i......

10 ..... i

.... t
! i

i

•;:;. ...

:D-7_ .. ;ri h.l ..-.
,,. .: ...
_;;_;_, !!!!:_:!iI_i: ,=. _ik " "
•. ..... '..... :.'; i
;::; ..... _;,,,;_.;. ;::_i . i

:iiii:f ....._!:._-_ ;_i_i_i ! ......

"2. : .'::> " .:.

i!_!:i!! :7""[: ':1 :_i._i!:

':' _" 71 ;;:: :!:I

• : ....... !i_:1ii
i!!ii_ ::;::;;;.., ::211t...... :-_
..... , !_!;i:il_!_il .; _'!_.; ,.....,

7. "'_ ::'::'l "

!i_.:.i _ . !_i;I

_:_:_.i: 111:i!t!_ii!....... ' ': :TZ

Ur: I ':iU'i. ! "

• " i'",,i :" •

-4 ..... ._._ -._..... .L
I' I I

k-

' ._L.._t _ I

! :, ;

! ! i • _

• : .. . +........ _ ..... _...

---_.... F....... i......... i_

...... 7-- .... ] .... -_

!

-_ _! ...... : 1 _, t '

(c) M -- 3.50.

Fiqure 5.- Continued.

47



ORIGINAL PAG_ _

OF pOOR QUALITY

(c) Continued.

Figure 5.- Continued.

48



OR:GINAL FA_E i_'

OF POOR QUALITY

_.i .....

-p

2 ',! i::.,1111.i." .:::i[:£'::, ::":.!_:::':k:_.:i:i:_:i_':::: :i_-i l,.:;[i: :::b. " ::._:":. _ . :.

:..-_:!_ %!!_':2: _i_::_::_.i!_;":._,!.!;- ::_- +::_:':L:._:_:...::.. :_ :::_ _ ......... t--

I ili";:_Ii:K'i_l____i.__=:?.:i: 3 i 'i;::: ....%?.: :: ' _:i_': ' ..:._t.. J ' ! '
.i.::_::.: ,: :' ::,::. ,i:i;!_!_ '.: :!!ii :% 2I::: - :._ _:£_._.__ __ i- --

L/{)

@=::__!_.!:!_i::._iiil i_i_:_i!_iii::__i:;_i! if!:P_!i}i:! ii:::i_!i_i!:::i_.::_i:_:: F:::i:..i___:'::" i:I ': ' :i " :,q:: • • - -
U

ili:::i!1%:!,i::!ii_i,:ii!iii:_i::_,_i:_:li_:_ili;i:_ii:.!ili_':!::i::;!ii':ii:i_i:::S:i::::::i':6.1!::ii:::::'-:::.!i_i:::_.:.i'!i: ' _ .' .

::::::::::::,,,, •
'.: _.:.r:::::::::::::::::::::::::'.i::l....:.i.::.:.I. :i: It /t t- _.. I-

, , I I _ ! i./../ ! i ;
............... !.......... ! _L ..... , i. •

,:ill]: :, i, _, ,

0 '
-$ -6 -4 -2 0 2 4 _ 8 10 l_ 14 1_

_L

• " i i

;::--l:::.-"tT-:i:_:::_ ....:_:::,.:_tR:::t:r_l_:[_-

, ..! .... i ..J.. I ..1: I .I { I ] 1 b/

_o__: l .i I: : 1 _ i/Y]._

(c) Concluded.

Fi_,re 5.- Continued.

49



-+ [, -',,r ;,ORIGINAL L:,._L._.:_,_

OF POOR QUALITY'

2

0

-2

Cm -4

-6

-8

-10

-12

-14

1.2

.8

C A

.4

2O

(d) M = 3.95.

Fiat,re 5.- Continued.

5O



OF POOl.? QUALI'['_,

(d) Continued.

Fiqure 5.- Continued.

51

L_



52

OF P OO_'_QUALITY

o

LID

"1

4

__:ii.... ....il l...a

1-
'--_":'"_--_,.-_:_-:___I-_:.-__-T__:=_:1_:'I___

, " o ,,,i ,L:..::._.......t..........:................._----!J:..........I................_......................
:-1 ..... o _ [....

._,_ :::1. _ .:__...........•.........}:.__ I /._ . . ] ......11-_:i.......'__ ......I-....... _.............. _"

-_i__-_-__--__-,......, .--r'-!:_-i/_:_!!:_,.--__t__f_:_t_:-__-_'_-_::;:_

`5:;.i ::] :..............................i [ "'::::::7,_ - --:-:7-..........:'_::..........

......i.....-._:......."_,-_ii_:---:.................._:-:;.......-_:--:---.;4:!¢.._.-,.:;_,._-_:F.....i-_.......I---;!-:

• i i i : " I L_. '__ _..._-_..... , _ . ' .....]7-T,7_..... _-i_......
t ,:.:_.i,i_..... ?/- ......._..............].....

.... _- -'-7" - ..............

i t ;......i!.... i ' ' : I '. -..t-.................. i..............;....... , 1

'i....._ , .. , !_ :.....i............._-i ', ! '/-" ' i '

i " i ' i 1 _ ,,

-6 -4 ---2 0 2 4 `5 $ I0 12 14 1,5

ct

-2

4

Co]

0._

(d) Conc:uded.

Figure 5.- Concluded.



q

L

OF POOR QUALITY

1.2

,8

.4

0

(a) M = 2.50.

Figure 6.- Effect of various model components on longitudinal
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_I = 900 and 6p = 0°.

53



ORIGIN_I-- l_i'I\'L'!:_

OF pOOR O.tl/._LII"Y

54

'ii: I_!,I_
_11:i!lllil:illiil

"Pii:i.il

i_itli_,l_il,__,,_,,,
,,iiii,!iiiiii!

i:i,;!i,iliril!!l!i_ii!
_!i_i:i/ iiiiil:,_;i;_

i-:i:l!_l,iil;,. Iil!i ,,,,,

:iI'_ ';,:"'_ltlii_ii!!
ii:dl'l,, ]',!1 _il I

;,tl,,,I,i[l :1!!!till
i,l'Ji!,,, ,,,,,,,lillii!
:i,!'1:I:,,i_illlli_,_i!Iii'

i_,,.: !...i.iiii

ii'i;i:' i":'_i !l!!';i

,I

It

o ,'

;i11!ii

!l!!ii!

i!!._i

:!l!ii!
u,u,

iiillil
ti_iii

,l&
,,,.,,,

ill!i:

_!ti:
Idlll"

:ilrl!'
_ii,h
!Iii1:i

iI[ll:[
.ilh

:.i!il,hi,i
:,u::l

_iliii

,x,?_

/

I"I

t,

4

?

0

.?

-4

I_ii}

°5

"8

"I0

°I?

"14

"16

(a) (._ontim'_ed.

Pi.qt_ro 6.- _'ontinueR,



LID

4

CD3

!i

L
!!:i' :i I i
::: , •

---_- -
--H .......

_) , i:"

T '_l : •

I '
.... J-'-=i......

._.=! "

" t "

I"

I .

,, ! i_: .

.... [ ..... :

!
.,,I

I

,,T :, __

i..t....:,i ....i.
1

"t ..... i
I

---i-- -J

.i ...... i

1 l,
2 4

CL

(a) Concluded.

Fibre 6.- Continued.

55



-"

ORIGINAL _' _......
OF Poor Q_JALi'fY

L_

fl

CN 4

(b) M -- 2.95.

Fiqure 6.- Continued.

56



6

4

2

0

-2

Cm -4

-6

-S

"10

-12

-14

a,

_e9

OF POOR QUAi,.i'_'/.

(h) Continued.

Fi(n]re 6.- Continued.

57



OF POOR " _'-' _'_"

o

LID

-1

0 2 4 0 8 lO 12 14 16

CL

(b) Concluded.

Fiqure 6.- Continued.

58



OF POOR QUALi'iY

2

0

"2

Cm -4

-0

-S

-t0

-L2

-ll

12

I0

C_

-I
"0

,:.L.-::i:._:;.:_:!::_,l_i;ii;:!:i,!_iii_i:i,iilii_:ii:'_i_i;;,;,iii_;..ilii:i_;_i:i!ii_]iiii_i_ii__i_;i!i_]i:_,i:_:i.i!!:..:i;::_!;i:-_

_!tiii_i!li.. _' I:_;!;'.i!:¢,-;,?:¢,.::::.t:;!i_L#':,"........_:77?_!!?ii!;i;i:s;ii#7_!;i;i:::Uii_;!ll;ii!i'i;_:il;[!_$:iil]::i;:_:::_i!','_!':l_ili_l!};'!ti:t]:::i_':_:*:

_. ]. ,! : !

• .. ' , I . I ,,

.... , ....... _ "J--:. I . : I • ' _ ,-.......!.:...... ,..................................--.t-.:-I....:!-.:........I. -:-., !....

i I ' i t " -;: __........" '-1 -_-" '-if-'., : ;] i!ii i .....,_

: ' .... . .. k ..: ................ i............ L ............ i ........... -' ........ " i ............ $ ............ .....I ' _ i., _ i I • I__ i • _ T
. 1. :, ] L L _ • [ ] bl _

............. ;_ ......i".........!......_........._.....

.... ,........... ,.. I..._ ---i ....:.,7.-,_.."'_-.: -b .........._": ...... i........ - ...... _.........

: ::_ !, : r,'--; ..... _.........!.............i l' ;
_-_:--,_,._<_'":_----7--i_P-:--.-_ ! ! :- - --

...... i .... ; I ..... :............ I....... ; .......
I ' ! ! , : ; i '. _ i :

L2

.8

gA

.4

0

• 2 0 ? _ o _ I0 |7 14 16 I_ ;0

o,_eg

(c) M = 3,50.

Fiqure 6.- Continued.

59



0!_ _ ii_,_ _ II_V_ii

6O

• _ -4 -?



ORIGINAL PAC'.!_ !.'3

OF POOR QUALi'I_

LID

-2

-3

-4

.f.

CD

•_,_"i_ii!:i!_:i_!,_•_:i.i_!_,i:iii_._iii_,i. ' ' ' ' _..... -_-

!. : '. _:i !:i_: i:'!!:i,i: i :,_!L ;_i1!'_: :".-.!! _ "t.: :i_.!! i "'i_iY!

• ' , ,':" : _ • ::.h._ .,.:!.:.. .... : _:i"-_:" _÷÷" _--::!" _'_'_'-_:'_"_"'_:'""':"':::'_ -":"t ..... - ....... : :.... _"-

iii.:,:.ill;!t_iii!iiI _!i_!:,::.ii:!::!i_i'!!;!: :i i_: , . ::

_oo,,,,,.,,°o'i2ii21!_!ili'.2_!i_ili_::!!l':_i!:_!i_!i::2:::_2!:i_1:1_:Ji__:c_:2::la2]:i:
_ _,,,_ :_!_:';;i;_':i!il;_lii!i!ii:-C'.:::'!:,i:.I::!:,._i:!:;i::,_::,:.

•!,i_:_::;:i.:::_._.i_:_:i:;::!.-_':":i:,_.:i_:_;:i_i;:.i::_;._:::_i,. :......
;::: ;.'---- _:_ ;..:"7y:h'-i;:::_.:i;:-:_:+'_i-::71"ili_ :!_ii'_:-"i:';::_'"!t_i-i:........._.............!......._:__:_,__,_,I_I_,,::1i,_II__ I_11,I,

__;_,::_i_,_,_,__,_,:._._-,_,:_,_,..-_.--_,_:_,___,_,.,_[,:_,I-__I__,,:,:_,__........._--,:....

;'!/I"__:'_"i!l_ii_:]::i,:-_-._::!!',i!,_ii'I_:_:!::'I;:':_!:_::.::::_,i,::i,::[!i'!'!'::i:._]'

:..:.....-:_.:_i:,:!._.,:i.::.:_.:.._,_._.&:_[:::......i.::.i:._!:...:i..::.ii_

_--I_,-_:!-:,__-__-,:__{-_I,-'__,_I-:,_--

7"" I....._II...... ._.......,: i!,......,_.--._:lii! .i..........." i_'I..:-,

' I "'- i

,i,,

-_ -_ -4 -_ o 2

• _i_ i __ i _!I ........i

4 6 g I0 12 14 16

CL

(c) Concluded.

F[qure 6.- Continued,

61



oR|GtI_AL PA_Z £4

OF poOR QUAL|TY

0

-2

Cm -4

-6

--S

-10

-12

I0

(d) M = 3.95.

_iqure 6.- Continued.

62

mm__



OF POOR QUALITY

.... I I i_ "
il;_:/_I

i L ! i , •

: !'.

c_._, -?--Vi'I ' .L_ I"_
•!'_ !"I'_"---- -i, ......_ '_I;:i-''I"_...........il....k I-:':

•s -]'F7 ! ......._..... . L:Li:.:.........;._:;
.....',..... .'_ i _ .- ; i I L

• 1 {

_____. Conl,qurJt,on

I

°......I::'.......i ,

] $ .....

--.L--

:""!'":'i"

N
2:::1..:

.) .!

_2
L.::_

i i •

; t --'7"- i

i

! i •t-/

: ..... _........ -7 -I

. ). : ii;:::ii;

'.:1 .' '!'". ...............i,'t"!

_2: .' 2:
...L.;..

• .-.-:l.- .:. i ,

: i .... !.....

_ .[: l

",[" ., : I.
• '1: ' i .... ( :

I

.........

• I

• . , . .: . .

"-?i-,l..............:-I-_-_?i_:)-V--:--

°.,_i i: _i__i....._ L: _: !_i)i_l___l__i,...........L.....2- ;__L

i ' t

C

(d) Continued.

Fiqur_, 6.- Continu_4.

63



OF pOOR QUf.kL_

o

LID

-1

64

0 2 4 6 $ tO 12 14 16

CL

(d) Concluded.

Fiqure 6.- Conclude4.



OF POOR QUALITY

4
I_ 11 Io

(a) N = 2.50.

Figure 7.- Effect of various model components on lonqitudinal

aerodynamic character stics for two-dimensional inlets with

+I = 115° and 6p = 0 °.
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(a) M = 2.50.

Figure 8.- Effect of various model components on longitudinal

aerodynamic characteristics for two-dimensional inlets with

TI' _I = 135°' and 6p = 0 °.
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(a) M = 2.50.

Effect of inlet orientation angle w_j t on lateral-directional

stability of configuration BII2T I h 6p = 0 °.
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Figure 24.- Effect of various model components on lateral-_irectional stability for

two-dimensional inlets with _T = 90° and 6p = 0 °.
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two-dimenslonal inlets with T2, ¢I = 135°, and 6p = 0 °.
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Fic[ure 41,- Concluded.
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Figure 42.- Effect of various model components on lateral-directional stability for

two-dimensional extended inlets with ¢I = 135° and 6p = 0 °.
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Figure 42.- Concluded.
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