. (S : : _ !
(NASA-TM=-T74(79) AERODYNAMIC CHARACTERISTICS N78-14999
OF A MONOFLANAR MISSILE CONCEPT WITH BODIES
OF CIRCULAR AND ELLIPTICAL CROSS SECTIONS
(NASA) 187 p HC A09/MF A01 CSCL 01a Unclas

G3/02 01856




n BEE

i ARt LR, R

NASA Technical Memorandum 74079

Aerodynamic Characteristics.
of a Monoplanar Missile Concept
With Bodies of Circular and

Elliptical Cross Sections

Ernald B. Graves

Langley Rescarch Center
fIampton, Virginia

NASA

National Aeronautics
and Space Administration

Sclentific and Technical
information Office

-1977

T




e

e

e meT W AR T 7

A . o el SR S

it oo o

SUMMARY

An investigation has been conducted to compare the experimental aerody-
namic characteristics of a low-drag missile concept with a body of circular
cross section to one with a body »f 3:1 elliptical cross section, the bodies
having identical cross-section area distributions. The concepts were of mono-
wing design with constant winy span. Tail surfaces were located flush at the
hody base with %300 dihedral. Wind-tunnel tests were performed at Mach numbers
from 0.5 to 4.63 and at angles of attack from about -5° to 28°,

The comparison shows no significant subsonic normal-force differences at
low angles of attack; however, at supersonic speeds, the elliptical concept
increasingly provides greater normal force up to Mach 2.5 to 3.0, beyond which
an incremental increase of about 25 percent holds through the angle-of-attack
range. More pronounced nonlinearities in pitching moment occur at subsonic
speeds for the elliptical concept, as well as less longitudinal stability at
all test Mach numbers. However, levels of directional and lateral stabiliiy
are increased, especially at the higher angles of attack. For comparable
deflections of the tail surfaces of the circular and elliptical concepts,
comparable moment control is indicated, with some apparent superiority in
yaw control at supersonio speeds for the elliptical concepts.

INTRODUCTION

The National Aeronautics and Space Administration maintains a continuing
research effort in missile related aerodynamics. In this effort, monoplanar
missile concepts have been considered, in part, because¢ of the relatively low
geometric profile that can be achieved for convenient carriage (ref. 1). A
lower geometric profile combined with increased maneuverability at high angles

of attack appears naturally suited for missile bodies with elliptical cross
sections.

Considerable research on elliptical cross-section bodies has been con-
ducted, but on configurations primarily designed for hypersonic cruise (refs. 2
to 8). The purpose of the present effort is to examine, from the standpoint
of stability, performance, and control, the relative merits of the elliptical
body in a monoplanar missile concept. Thus, wind-tunnel tests of a monoplanar
missile concept with circular body cross sections and with 3:1 elliptical body
cross sections were conducted. The concepts had bodies with a fineness ratio
of 7 and wing and tail components designed to make the concepts comparable.
Test Mach numbers varied from 0.5 to 4.63, and angles of attack varied from
about -5° to 289,
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SYMBOLS

The basic aerodynamic data are presented about the body system of axes.
All moments are referenced to a point 60.0 percent of the body length when
measured from the nose apex.

A reference area (based on maximum body cross-section area),
0.008107 m2

Axial force

Ca axial-force coefficient, "
q
. Gross axial force
Ca,total gross axial-force coefficient, 3k
Rolling moment
Cy rolling-moment coefficient,
qAd
ACy\°
CzB effective dihedral parameter, — , per degree
88 /a=00,30
. . Pitching moment
Cm pitching-moment coefficient, v
q
oCp
Cmq longitudinal stability parameter, 5;—, per degree

Normal force

CN normal-force coefficient, 2
q
Yawing moment
Cn yawing-moment coefficient,
qAd
Aty
C“B directional stability parameter, o— , per degree
88 /a=00,30
Side force
Cy side-force coefficient, —
q
C side-force parameter — per degree
Ye ' AR a=°°’3°9
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Spiteh
6roll

S yaw

body maximum diameter, 0.1016 m

free-~stream Mach number
free-stream dynamic pressure
angle of attack, deg

angle of sideslip, deg

deflection of four tail panels to give change in Cp
denotes desired positive change in Cp), deg

deflection of four tail panels to give change in C;
denotes desired positive change in C;;, deg

deflection of four tail panels to give change in Cy
denotes desired positive change in Cy), deg

Model component designations:

B

T

W
O
=
oy
>

body

tail (four panels)

wing (two panels)

eircular body (see figs. 23 to 29)

elliptical body (see figs. 23 to 29)

circular missile concept (see figs. 23 to 29)

elliptieai missile concept (see figs. 23 to 29;

TEST FACILITIES

(positive sign

(positive sign

(positive sign

Wind-tunnel tests at Mach numbers from 0.5 to 1.3 were conducted in
the Aerodynamic Wind Tunnel (AT), Propulsion Wind Tunnel Facility (PWT) at °

Arnold Engineering Development Center.

continuous~flow wind tunnel with perforated test-section wall.

This facility is a variable-pressure,

Tests at Mach numbers from 1.6 to 4.63 were conducted in both the low and
high Mach number test sections of the Langley Unitary Plan wind tunnel. This
facility is a variable-pressure, continuous-flow wind tunnel with an asymmetric
sliding-block nozzle ahead of each test section to permit continuous variation
in Mach number.
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MODELS

Modei drawings are presented in figure 1, and a photograph of the models
is shown as figure 2. The circular cross-sectional body was designed in accor-
dance with the theories in references 9 and 10 for minimum wave drag with
boattail. An afterbody closure ratio Apase/Amaximum ©f 0.69 was used, with
Apaximum ©occurring at 68.0 percent body length. (This provided a nominal
afterbody closure not exceeding 7°.) The body fineness ratio of 7 was based
on maximum body diameter. The elliptical body had an exact 3:1 elliptical
cross section that was identical to the area distribution of the circular body.

The wing area and span for the circular concept was chosen as typical of
current maneuvering missiles (ref. 11). The wing for the elliptical concept
was determined by projecting the elliptical body on the circular body-wing

planform. The resultant exposed wing planform then became the wing for the
elliptical body.

The tails were identical for both concepts and were located flush with the
body base with *30° dihedral. The tails were located at a 30° angle from the
horizontal plane since analysis of the appropriate experimental data in refer-
ence 7 indicated that this arrangement would enhance the stability and control
characteristies (ref. 12). 1In order for tail deflection to be compatible with
the complex surfaces of the afterbody of the elliptical configuration, the tail
hinge lirne was skewed such that a 10° deflection measured at the body=-tail
Juncture had a resultant 7.04C surface deflection. (See fig. 1(b).)

TEST CONDITIONS

Tests were performed at the following nominal conditions:

number P K ! P Pa ! per meter

*0.5 316 86 184,46 7.87 x 106
T 316 68 9u7.s57 7.87
.9 318 59 G46.08 7.87
1.3 316 57 456.31 7.87
1.60 339 54 606,48 6.56
2.00 339 63 569.66 6.56
2.50 339 81 358.13 6.56
2.96 339 104 110.83 6.56
3.95 353 184 779.49 6.56
4,63 353 252 28,11 6.56

Boundary-layer transition grit consisting of sand particles was affixed
to the nose, wing, and tail surfaces of the models. Transition bands were
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placed a nominal 0.03556 m aft on the nose and O. 00254 m aft streamwise of
the leading edges of both wing and tail surfaces. Transition was affixed as
follows: ]
;. Nominal : 1
‘ Mach number ASTM size diameter, Method Band ;idth’
n 1
0.5 to 1.3 80 0.0001930 Sprinkle 0.0015875
. ] 1.60 to 2.00 60 .0004699 Sprinkle .0015875 i
i
2.50 to 4.63 35 .0005461 Spaced 0.0013653 m .0005461
apart !
o(& . ) ]
K ) All aerodynamic forces and moments were measured by means of an internally
i mounted electrical strain-gage balance, which in turn was rigidly fastened to :
a sting-tunnel support system. Static pressures in the model chamber and at i
the model base were also measured. i
_ Angles of attack have been adjusted for tunnel airflow misalignment and ;
= model deflection due to aerodynamic loads. Axial-force data have been adjusted j
ﬁ to free-stream conditions acting at the base of the models. i
PRESENTATION OF DATA AND RESULTS . ;
‘ ? The data are plotted in comparative form so that the effect of various i
' configuration changes can readily be seen. The following list of abbreviated i
figure legends is presented as an aid in locating specific experimental data
. and results. ]
” Experimental Data 1
' Figure
K Configurations with circular cross-section model: !
1 Longitudinal characteristics:
\L ) Effect Of Components . . . . . . . [] . . . ] . ] . ] . . . . . . . . 3 \
{ Pitch control of BT configuration . . . « + v & ¢ ¢ ¢ o o ¢ ¢ o o o ] ‘
S Pitch control of BWT configuration . . . « « ¢« « v« ¢ v s o o o v o o 5
v ‘ Lateral characteristics:
e Effect of components . . . . . . s b e 4 e e e s e e e e 6
£T7 Effect of angle of attack on B in sideslip e b e h e e e e e e 7
Effect of angle of attack on BWT in sideslip C e e e e e e e e e e 8
Stability parameters . . . . . e 6 4 e e a4 s e e e e e 9
Roll control of BWT configuration e e s e 1 s e e e e s e e e e e 10
Yaw contrel of BWT configuration . . . . « ¢ ¢ v ¢ ¢ v o v o v 0 0 1"
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Figure
Configurations with elliptical cross-section model:
Longitudinal characteristics:

Effect of components . . v ¢« v v v v 4 4 v v e bt b e e e e e e e e 12

Pitch control of BT configuration . . . . . . . ¢ v v v v v v v o . 13

Pitch control of BWT configuiation . . . « v v v v v 4 ¢« v s v « + « 14

Lateral characteristics: ,

Effect of components . . . . . . o e e e e s e e e e e e e 15

Effect of angle of attack on B in sideslip e e e e e e e e e 16

Effect of angle of attack on BWT in sideslip e e e s e e e e e e e 17

Stabilivy parameters o + ¢« v v 4t 4 v v e e b e e e e e e e e e e 18

Roll control of BWT configuration . . ¢ v « v v v v 4 o o o o o o 19

Yaw control of BWT configuration . . . . & .« v v v v v v ¢ v s o & 20

Configuration Comparisons
Figure
Comparison of pitching moments . . « ¢ & &« ¢« ¢ 4« v 4 o ¢« ¢« o o o o s 0 . 21
Relative normal-force development . . . . « « v ¢« v ¢ ¢« o o o o o« . ~2
Comparison of axial-force coefficients . . . . . . . « « ¢ ¢ v v ¢ & . 23
Comparison of cross-section area distributions . ¢ ¢ 4 8 e & s . e 24
Comparison of center-of-pressure travel . . . . « +« « « & « + & .« . e 25
Comparison of lift-drag ratios . . . . -
Comparison of lateral-directional stability parameters . e oe. 27
Comparison of longitudinal and directional stability parameters o v e 28
Comparison of moment control parameters . . . . . + « + o o . o 29
DISCUSSION

Longitudinal Aerodynamics

Comparisons of pitching-moment behavior of the circular and elliptical
bodies alone as well as the respactive complete configuration concepts are
shown in figure 21 at typical subsonic (M = 0.7) and supersonic (M = 2.00)
speeds. The data show a more positive Cma associated with the elliptical
body than with the circular body, with no Significant discontinuities associ-
ated with bodies of either circular or elliptical cross section. A more posi-
tive C is also characterized with the elliptical concept. For the
60-percg%t moment reference location, both concepts exhibit longitudinal sta-
bility at subsonic and supersonic speeds; however, significant nonlinearities
in Cp (& > 89) exist for the elliptical concept at subsonic speeds. Flow-
visualization observaticns (vapor screen) tend to substantiate the belief that
the low-profile elliptical forebody ganerates strong vortices which influence
the flow about the top tail surfaces at angles of attack. This flow phenomenon
results in the noticeable pitch-up observed in the M =z 0.7 data.

The relative development of normal force (fig. 22) shows substantially
more normal force associated with the ellip-ical body at subsonic and low
supersonic speeds. This increased Cy can be attributed, in part, to the
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larger planform area and higher aspect ratio and, in part, to the greater vor=-
tex induced normal force on the elliptical body (as can be noted by the reflex
in the Cpy curves in fig. 12). The reduction in the ratio of normal forces
at the higher Mach numbers indicates a diminishing effect of vortex flow, leav~
ing the diffe~ence in planform as the dominating factor. The relative Cy
values for the complete missile concepts are reduced considerably since the
larger wing on the circular concept provides a more efficient lifting surface
at subsonic speeds (where vortex 1ift has more dominance). The difference in
concept planform area is about 20 percent, which tends tu substantiate the
25-percent increase in Cy (fig. 22) for the elliptical concept at higher
speeds where planform area becomes more dominant.

The zero-lift axial force for the body-alone configurations is generally
the same regardless of the body cross section. (See fig. 23(a).) A comparison
of gross axial force at a = 0° (fig. 23(b)) indicates that at supersonic
speeds the average pressures acting at the body base were greater for the
elliptical body than for the circular body. Less axial force is exhibited with
the elliptical concespt and can, in part, be atiributed to the somewhat smaller
overall cross-section area of the elliptical concept with its smaller wing
volume. (See fig. 24.)

A comparison of center-of-pressure behavior can be seen in figure 25. The
center of pressure at o = 0° for the bodies is farther forward for the ellip-~
tical body at subsonic speeds and generally more aft at supersonic speeds.

More center-of-pressure travel with angle of attack is associated with the
elliptical body at subsonic speeds, with no appreciable difference oceurring
between the b~dies at supersonic speeds. The center of pressure at & = 0o
always acts farther forward on the elliptical concept than on the circular one.
The center-of-pressure change with angle of attack shows no appreciable differ-
ence between the complete concepts over the test Mach number range.

Figure 26 shows that an increase in cruise efficiency is also associated
with the elliptical concept, as indicated by the higher lift-drag ratios (maxi=-
mum untrimmed) that can be obtained.

Lateral-Directional Aerodynamics

Figure 27 summarizes the lateral-directional data. The, parameters in fig-
ure 27(a) show the expected neutral dihedral effect of the circular body; the
elliptical body displays a positive effective dihedral (-ClB at angles of
attack. The elliptical body exhibits more significant increases in directional
stability (more positive values of Cp,) than does the circular body. The data
(fig. 27(b)) show effective dihedral, gs well as directional stability, for

both concepts. More important, however, is the increase in the levels of both
lateral and directional stability for the elliptical concept over the circular
concept, especially at angles of attack. (The elliptical concept is direction-
ally stable throughout the entire test angle-of-attack and Mach number range.)
Data in figure 28 also show more longitudinal and directional stability compati-
bility for the elliptical concept than for the circular concept (i.e., the
values of 'Cmo and CnB are more nearly equal).
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Moment. Contrcl Parameters

A summary of control moments provided by deflection of the four tail sur-
faces at a = 0° is shown in figure 29. The dash line represents wind-tunnel
data for the elliptical concept; it is representative of 10° rotational deflec-
tion of an actuator mechanism located flush with the body surface and, corre-
spondingly, a 7.040 deflection of the tail surface. The dash-dot line repre-
sents a linear extrapolation of 0° deflection and 7.04° deflection data to
represent a surface deflection of 10.0°, The data indicate that when the tail
surfaces are deflected to the same increment, the elliptical concept can pro-
vide more yaw control than can the comparable circular concept.

CONCLUSIONS

A wind-tunnel investigation has been conducted at Mach numbers from 0.5
to 4.63 to determine if a monoplanar missile concept with elliptical cross-
Section body has aerodynamic advantages over a comparable concept with circu-
lar body. The concepts had identical spans and body cross-section area distri-

butions. The elliptical body had an eccentricity of 3:1. The tails for each
design had a dihedral of #30°.

Comparison of the elliptical cross-section concept with the circular
cross-section concept indicates the following:

1. About 25 percent more normal force that is nearly independent of angle
of attack can be achieved at supersonic speeds. :

2. Values of the longitudinal stability parameter C are more positive,

with more pronounced nonlinearities in pitching moment occurring at subsonic
speeds.

3. Levels of directional stability are increased and are more compatible
with levels of longitudinal stability.

4, Noticeably more yaw control is available, although suitable locations

for tails on the body are more limited because of the geometry of the ellipti-
cal body.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

October 26, 1977

R

P SRS U R SFCTING EUNP TN TP GIET Y SIS PNEE SV SO SR

! waned i

NPy

[T

. e amtaade . o Ml e .



AV

RS RS St L " T L TTYTT T T Twr T T T 7T v - -

.

1

REFERENCES

1. Sawyer, Wallace C.; Jackson, Charlie M., Jr.; and Blair, A. B., Jr.:
Aerodynamic Technologies for the Next Generation of Missiles. Paper
presented at the AIAA/ADPA Tactical Missile Conference (Gaithersburg,

Maryland), Apr. 27-28, 1977.

2. Spencer, Bernard, Jr.; and Phillips, W. Pelham: Effects of Cross-Section
Shape on the Low-Speed Aerodynamic Characteristics of a Low-Wave-Drag

Hypersonic Body. NASA TN D-1963, 1963,

3. Spencer, Bernard, Jr.; and Phillips, W. Pelham: Transonic Aerodynamic
Characteristics of a Series of Bodies Having Variations in Fineness Ratio
and Cross-Sectional Ellipticity. NASA TN D-2622, 1965.

4, Fournier, Roger H.; Spencer, Bernard, Jr.; and Corlett, William A.: Super-
sonic Aerodynamic Characteristics of a Series of Related Bodies With
Cross-Sectional Ellipticity. NASA TN D-3539, 1966.

5. Spencer, Bernard, Jr.; Phillips, W. Pelham; and Fournicr, Roger H.: Super-
sonic Aerodynamic Characteristics of a Series of Bodies Having Variations
in Fineness Ratio and Cross-Section Ellipticity. NASA TN D-2389, 1964,

6. Nelms, Walter P., Jr.: Effects of Body Shape on the Aerodynamic Character-
istics of an All-Body Hypcrsonic Aircraft Configuration at Mach Numbers
From 0.65 to 10.6. NASA TN D-6821, 1972.

7. Spencer, Bernard, Jr.; and Fournier, Roger #.: Supersonic Aerodynamic
Characteristics of Hypersonic Low-Wave-Drag Elliptical-Body—Tail Combi-
nations as Affected by Changes in Stabilizer Configuration. NASA

T™ X-2T47, 1973.

8. Fox, Charles H., Jr.; and Spencer, Bernard, Jr.: Hypersonic Aerodynamic
Characteristics of Low-Wave-Drag Elliptical-Body—Tail Combinations as
Affected by Changes in Stabilizer Configuration. NASA TM X-1620, 1968.

9. Adams, Mac C.: Determination of Shapes of Boattail Bodies of Revolution
for Minimum Wave Drag. NACA TN 2550, 1951.

10. Bromm, August F., Jr.; and Goodwin, Julia M.: Investigation at Supersonic
Sneeds of the Wave Drag of Seven Boattail Bodies of Revolution Designed

fer Minimum Wave Drag. NACA TN 3054, 1953.

11. Friedman, R. F.: Aerodynamic Stability and Control Report for the
Sperrow III Model XAAM-N-6b and YAAM-N-6b Missile. BR-1018 (Contract
Nr. N)as-59-0317), Missile & Space Div., Raytheon Co., Nov. 1962,
’Available from DDC as AD 511 006.)

12. Oraves, Ernald B.: A Monoplanar Missile - The Aerodynamics With Bodies of
Circular and Elliptical Cross Section. Blacks in Technology - Beyond
the Bicentennial, CP 101, Natl. Tech. Assoc., Aug. 1977.

-

|

e i el A LAl o o il aRM .

e o wee a

kB Bt S



v w v - T Lk - ST SR WY T NS I TSIV T T L T R TR s T AT SIS e L AN e T T Ty - - ~ ~ g ™ . R |

‘yqdusT 20UdIdISII JOC
SUOT1TBIY UT USATS oJB STIOTSUSWIP JIBIUTT - suoTqeJngIJuod Topow JO STTeled —°T1 SInJ1d

*(w 2ITL O ‘yq3usT 9OUSISJIL) IME JBTNOIT) (®B)

INAL PAGE IS
OF POOR QUALITY

3 Q“Q -l.'_ .
- m
E
, ©
3 680" Lmg [
' 290 18 ” “
7K 1 i _

: W 91010 .:.uE~|_|_.\\,
ZW 'ease wiojuerqd DL iy

O
J

/ UO11EI0] IIUIIIJIS JUIWOW
09 "

0001 us: 089° O

L2

10

5

\\{-. w!wm-wvn- o
i
t
$
I
|
i
’?

|
{
X
i
|

<



e R

s |1I1«,4‘4%‘1111/‘4.'.11.“jl.“11.1:111||11v].«!4!1-1!]4.1‘!11.1.{‘1,4:]\11!111‘71]41.‘:‘1.1|4‘1,.‘1‘,4 1«1‘11“?\‘1
a8
-
*panuIquUo) -° T sandtd
‘(w 2TTL°0 ‘U3BuaT 20UdI3J31) LME Te01dITId (Q)
) |
9Qt” ims u 195070 ‘ybray \ ./
Lo0” :n. Apoq wnuwixew - . .
€600 : : //l» : -
& sae waolaEld ! :o_.ﬁa_-uu:o;.u. Jsawow
. owc. 009" 0
0001 us .
w 09L1°0 uipm -
stxe abuiy vty - 98¢ Apog wnuwixew
/ H / ,m
N\
\ & \
A/ \\\7/ v/ L.
//.. i .\\ \f
fp it \ A
- e €81 o . o
. ! » ..‘w%. ’ - - ‘_! \
1- i 990° ! _ _
J R P
610 w - IET 151 \ /S 7 \ )
\\ e’/ N JI ’ - —
Y\ /
/ |
|l \) :
VI I N
! \
/ | >
e o0F
. ;
- B - . S e ke - e il e A -t . \0 rm P _— n.\ . — _
e | T | w . .




Sa o S T e or———r e = i el i " T T o o y ‘. )

o A

*PINUTUO) -°T SanITd

w (W 9TOT°0 “U3BuUaT 30uULISFaI) M IBTNOITD (D)
| - #

16€°p . .

OF POOR QUALITY

ORIGINAL PAGE 1S

,/
auly Apog SELN

——

§20°1 662 °2

12




ER— ST T T r——— - T RS T T IRy T T T e ey 0 e T v o -
5 v e T—————— W S
- - = e——

a

epanutTquo) -°T 9INITJ

*(u 9TOT 0 “YIBUIT 3DUSIIFSIL) M Teo1dT1Td (P)

—_——— e — - e - - P

sov 2

W
)

[=4

~

X7}
aurt kpog SN—

§20°1 s €€9 "1

i o s &

¢
.

,m

3
i
g



.

ol ¥t

1%

. 600 + . 301

— T"“ 045 e

14.03°->

.500

——UJ e, 063

. 900

~
-~
w
bt sllen s el ket ke mes

_ |
[P

A
,1!;
pbs

(e) Circular and elliptical T (reference length, 0.1016 m).

Figure 1.- Concluded. 1

e o aae

i
i
1




S2TH—9.L-1

cTeoTdITid

e~

*sTapou jo

(q)

udeaBoqoyg -

C

aandtg

*JABTNOATD A.mv

15

ORIGINAL PAGE IS

OF POOR QUALITY




1 o W - S R T R S T
” N )

l _

L -

o 1' - t '

— 2
1L 1
L 0
< Cm -1 |
o

= :
. -2
’ )
& -3
R )
| N -4
|
|
. R (R e 0 IR i
;e : CA 1
: g
o
A .
[ Circular S )
= Configurations |7 7= : : 1
J ) 8 . R
i BWY
S BT

BWT

N e e Ml ke it ¢ e e i

-4 : :‘ ' " :f i - -:: IO S s
-8 -4 0 4 8 12 16 20 24 28 32

PP,

\ ) Fimire 4.- Etfect of components on lonpgitudinal aerodynamic
r
|

choracteriaticos ot eircular eross-section model with
variabion in mecle off abtack.

16

¢ o . - " -




e ST SRl = r
™ it 4 0 Lihasiha )
® B

17

32

28

4

2

2

je]
7 : o
m / : : = =
..... - - = - n
H ; — ~ ot
' B g L
I ! : o o -
N N S
. : . ®
v | | K )
~ I s = !
: O+ ™
w 4 : o L 2
! i st . N\ . ; 3 a w..,
: . i : u -~
P & “ | & S 3
“ Pt : H b G -
" S — — — < 5
_ w -U| == - ; : : Q E
m Cm i _ . < = ~
" 1. H i
—t < | __ & m i
“ e ) | ! m 3 m
& 7 v oo R
. 1
o~ - o . _ v
- . - > - o~ o o~ <
. 1
| s <
i = :
| -
. i o e e R R L - -~ . hoom et i
_ - : L s . an NI A S AP ». b Ao a0 Nl 70 ;



v I R il o A R AR A A R it i el ahie ko cathlabdib it e o o S T o i
| l

Lm—

o il e

e ke tns

P DT

081, : Circular <
T Configurations [ e >

et maaaha.

SV S SRR

24 28 32

-8 -4 0 4 8 12 16

Figure 2.- Continued.

]
]
|
(¢) M=0.9. 5
/
i

18




v e e e R e I e - T T e T e S gy A W W e gy, "y T e - g o~y

ITY

Gis Id

X
o=
<3
WQ
1 Mbw“
ﬁ S &
, 05 Gue
] 00 >
i
: -
m e T = -
“ i T N
s = 1
{ _
] e
_ °3
3 Urm
o
[&]

-
oo e e



TR TR T TRy ey e

{
i
|
m 1
‘ 1S
3
;
b
)
"
_
:
"
.
,“
'
\ g s
‘ . =
.. o =
,. \Z -~ =
! . i
: — = ;7 S
. - e
W i T ;
= ! B
. e -
. —~ N .
] ) o H
w —~ = N
I
: D3 -
. g -
2 3 -
] 32 !
= i
< oo R
" - o
.w (&) cnl - H
7 o
! o
X
i -
i
5
!
!
\
}
A
1
{
N
?
i
S ‘
1
\
: 1
; < k
—_—— . k|
=~
i
H
\ . ’ ;
ﬂ e
T ST
- . T o P N =5
i N i B - -
. ) . > 0 5 2 -
; ] . . b 20
R o 13 s - )
° = D, g e =




T I T T T ¥ T T T T Y ™ ST e T s e N IR e e p—— T Ty o o A g - v ™y

Bt A

R
)

o -

3

e

[RARRL

(O]9}

‘

e

(*

deg

g,
4
¥

'
g

'

)

W

1Ly

g

.

Circular
J

o,

OF POOR QUALITY

ORIGINAL PAGE IS

O




-y

22

Y e < A VY AL S A it

-4

Circular
Configurations

8
8w
8T

Figure

Continued.

VSIS U SO T SRR



[Aeatiaiinusniel alaadiaaustiiead At ataly JLIELCIFICRO, PP PP o I,

[

Circular
Configurations
8

BW
BT

BWT

T LT

20

16

12
deg

e,

.96.

2

M

)

h

(

Figure 3

ST T T ———

- Continuea.

23

OF POOR QUALITY

ORIGINAL PAGE L.




VAT

.

24

Circular

Configurations i

“_‘___"_“ ] E

a,deg
(i) M = 3.95,

Iigure 3.~ Continued.

12 16 20




L
Y

ot

!

—_— i
i
.

;.

el

i

]

i'

.

|

)

Circular
Configurations

S
Q
A
<&

8 12 16 20 24 28 32

Figmro d.= Conedudeds

ORIGINAL PAGE IS
OF POOR QUALITY

25




N ~
o~
~
o]
ot
P .
U oA
U o
0 o
|
A
i
c.
-
T v w &
e SUMJS JVS S ; P
: -~ =
: : P e
+ ~ g
! o2
< I
' .
! -
T < R
i .o
—
} - =
! . =
H b T
: -
- - -
i - vy

viard

?
4, deq

ith

.
'
2+ )

il ivenorys

v
¢

body-tail confiy

e e e L C S 4 R, .t e - Al A
i .
o R SR R
- Con!lgun‘lonsl ey
|
i
-4
8
{
Figure b.- Pitch-contro!
uration w

26

¥

£
>
e

@ hzie s




-y
R S -r—-—-d
i}

H

00

-
=y}

i

a,deg

- Continued.

M

(b)

Fimure b,

Spitcn  deg

Circular
Contigurations .-l

w

T s s e — g e wc —~ - - -



g e r———r v Ty e e— B i T T e m mmpme et e s T e e T ————T———C—— TY" - ~ -

”

M = 2.50.

(e)

Figure 4,- Continued.

v oy

Ny
T~
;

T
4
N

1 | :2
I 5™ !

N : ! I WNMO“ i

. _ \.. R _ TTSES -
4 g pE = L ad s . . )
4 . R T ool R
] —1d ; 1 _ ! L ) , 58T
i i ! ; _ _ “
: : IR ENE ! ! HERE
al - - - o~ - (-] - ’-A -ul - - o~ - LT

28

]I .
4




T PR T T £« s g YT g i wmr pm = i = - p——— e e e g ~————— - e —— e ——y

29

- - o ~
. o~
—_— —-—— - - amadlad —— ~e-~
— — Anﬂ =
L
-
e ———— e PR — e
- -~

Fipure 4.- Continued.

!
- K]
5 =
4
e —
i T ©
-
-
— te
.83
3=
. 35 See
23
e =23
CM°
-3
- [*]
oo
R i .

ORIGINAL PAGE IS
OF POOR QUALITY

Y I 3 E : . o ,AA.,#...:.“.@:, - ‘ o ,. M o . 2 Ui.
oy L - 1) I I o ] o

. e e et g S g e e L i e gl e D T
: i . T __M M»&w ST ) - I T




-
- ~ «
&
- @« & o o~
M -
— — =
O : ! [ . | : . : . H
e e e —— : + . m R T IR e - 4
o IR “ ¢ o o %, . i
T H ﬂ T : : T .

!

|

MO~
i

}

i

|
]
Lo Lo
T
|

|

l

|
s
!
|
3.95.

|
|
l
|
.
I
i
|
!
1
|
1
|
|
L
e, dog
M=

t
i
|
|
|
|
Ol |
|
|
|
i
i
|
i
Sy
1
|
|
|
|
|
I
?—"r’
(e)

Figure 4.- Continued.

o
|
f
!
i
4
|
o
t
{
|
1
+
; t
|
; . .
il i :
Ao ¢ JN T NN SRR WU S SRR SN
i I
H ! 1
R Y H—.
Eo :
. '
: t -
'
|
i
f
f
]
, 1
i
i
Clrculae

_
-
: ——— —— c - —_— -
s
: ) . ) u T mmuw - O % i
: . : : . ' 2=
—_— ————r : : z5 —- P
T T ; S
—_ - - [T .o - - - - - o — —— e ——— - — ——
g oo ~ ’ (e}
S ; _
gk I e L Rt e —e - —- - C e S e
t . ) )
~ T T e L - - ~ - - - o~ < .
- Pa = < pt ) - o -
[3
o

(=
o




——— —~———— T T S T T —r——— N e Iy Sy W g — [ - ————- = e —p— T e e i e e = - ey _m

| - | 3

31

o d
v e immv e e e W

AR ...

.

AGE I3
ALITY

U

ORIGINAL P
OF POOR Q

o
- - ()
- io]
Al =1
O —
— ‘ .- = —— . (3]
. =T m
P - (] (&7 -
w = 1
: o - e =
; o~ V) >
- ~— ~
) - =
: o - g ;
3 23 . A
3 it S .
4 S TP -
3 — 3

-y

D

|

B WA
N
1 L]
t
i
~
~




cao

co
<
.23
-
==
"urmoooo
-2 Rt .
s =
SETS
c
.
. @ O0D4
i
g - -
o - - o
F 3
o
/
\ . !
J [ -
. . P - -
e S s I e g e e L el E R

Figure 5.~ Pitch-control effectiveness of circular cross-section

wing-tail configuration with variation in angle of attack.

32




mpy— worr ana e o e T R st e R el T S e s T
Ll
- ) 1
A
3 — . 1
————" m
i
i

0 .
A d— | g,
3

¢
1 ] "o
|
3
o _
]
3
- <
1 ~ o f
. Am H
© 5 - |
] O i
= t
w. A
. , Lo
] S ~
g e 2
.w z B o
w 355eceg B m =
3 oong ‘B o
- .o
_ ST, = .
N Z3 |
g =
- &G,
| ©o |
H
e -
\ o /
# ’ R ——- - -
e i _ - I - e e » . - e

7]



T e AT T T T e v

T

S S

S SRV

3

4 N

ot

!
1* i
= |
< : H |
« 29 . P— T
s=" : :
St focoo] . LN
eIV S o
S a . ! 3 '
<> = " H
O o i N
n | :
' 4 — —~
S oopa! L\
R . __‘
; .
Do !
- U R S Defpo |
L1
ooty
- R . - - ;_ I|.:I.|\l\|>-
o - - - ~ -4 ’-h.
=
<
-
B a2
i g i
<

0.9.

(c)

e ———

Figure 5.- Continued.

34



S ok i

35

Minkea dhiate o i L b

oF FOOR QUAIIN

ORIGINAL PAGE 3

:
1 ]
e,
e — Q -
-~ : u
: - - <
1 o ol
, i B
: — =
, o
) b4 n (&) '
3 - m
. T = ' ]
_ .
" * :
— — {
. o o L m
' ~ S : e
_. : G R
. "m i
| it =
.u 3
.n S
S SRS S . ;
N h : . w
: o
]
L
]
.
-M;
™
b ——
- o Z. \ . PUTRS s el o, Nl - I. s
v SR
1 - -
RO %
,; g 5 . R —— e T — —2
:mmm ° ’ w: : LI , 25 .
| o | : i




N

| { !
.
L . e A L’H . ;
? 1
i
¢
I
;
3 ]
.
| 1
i
‘ P
i 1
S .
1
.
i
I,
i .
| 1
\‘_ v:
k. i
> ;
B ‘ !
“ 1
i i "
. ‘3
! ,
- !
!
1
' {
Lot :C.ircui;r
} Contigurations [ )
i Spitch . deg k
-10
| 0
d o 10
A 20

36

1
0, deq

(e) M = 1.60.

ture 5.- Continued.

- g s Y . C e e mma oie e n s

[ FR——



: {
¥ !
- o
. &
s
i

3
N

e

————— st e 1m -

Cm

ORIGINAL PAGE IS
OF POOR QUALITY

lﬂ
1.0

4

K k
6

4, i

Clrcular

Contigurations

Spitzn.deg
-10

0
10
20

.

aban i A camsemanak i ot & i i S M B S S, i T 4

!

Figure 5.- Continued.

ORIGINAL PAGE IS 37
OF POOR QUALITY,

f t - ——
i S ‘
.,..._m_,-jlh, 1 th;-u -



v T

).‘IwVIVA,uy. o il

B P &
- g ! >

-

n\lhl>wnx|.lwvﬁ. SR S
4 5 °

(g) M= 2.50.

Figure 5.- Cont inued.

38




39

e
BT A U T g

kT L .

M= 2.90,

(h)

Figure 5.- Continued.

e e —

il qom

OF POOR QUALITY
A 7

ORIGINAL PAGE IS

1

s nE
¥



Circular
Contigurations,
10

e

:ﬂ\mﬂxt‘rum:. -

@

Figure S.- Continued.

S ———— —r— - -

uo

e e



- — -~ . 1
-
P o
< Em
- e = e e . ©vd
> <5
- 4
- |
3 T mm
. :
<]
o 4.2
e o (=N
- T
. - =
. O —
e e B ) °
w Wf = =]
3 - . . )
3 o u &)
w . =
. _ s U
4 . o - o
1 i : ~ =
,_ : ; S
i3z - J 5
=3 : i .
Froea
' : Jr ﬁ T : |AT
“., S S emd e »,Iumc||m| e
] SN S
lo. - - - -~ > ql
cn
|
.
1
S
! — -
1 - e -2 S . . -
| v \ .
X ' L4 /
w _ . — -

3 g e g T g e T i Wt

) B
MY e ————
&



e

gty skt

e T

H s g

T

oW T TE et e

D e

T

v

ve

fap ‘n
]!

+3j[0®938 JO 9T73UB UT UOTIBLIBA Y3IM TOPOU UOTFIIS—SSOID
JIBTNOITO JO $OT]STIS(OBIRYD OTWBUAPOJIE® [BJI99BY UO Squauodwod JO 193FJd -

‘9 3JanStJI

8¢

19
M
|

0040

suotjeanbijuo)

Je|naiy)

,.....,. yﬁt

o rr——r ot ——— —— -

42

.




WO T

T TR T D e S T A

i
L
y
i ]
[ c
. (&)
b .
' o~ o o~
: : : o~ / :
s 1 T : eebeny T % ; Tt < : o
> b Y . bpa | r} 3 S npu ,
Sebges vy
5 '
- 4
. ‘_ j
‘\ E
- i
"‘.
3 ]
#
:‘ .
H rc X
O
, g i
. . a
M~ b
. . )
N (@] =]
o 0
. g ] O
- = | >
-] \o' .
- —_
. , Q ]
: §
5 x i
P 1
i

B
BW
BT
BWT

Circular
Configurations

- mears

o Aa

— et -

! u3
': ORIGINAL PACE IS
l OF POOR QUALITY

|
ol i wmmc a

tuk

B e T A ' PO [P —

(TR Ll




Figure 6.- Continued.

e - ey

— Aaemart e et S, . o . .

catsh b s e e SIS G RVt

] TR TA e —

4 . - e ¢ ST
N 5




.

]
————

N o o~ .
L] [ ‘

s puvaps T o T rgeges seevyes graar T T 2 v T :
| 3! 1 30308 Hafer ISEs raprtote) ST 55 s TTeEeT 3L o 1
| o5 assdsevas i roa v itizeiy T Fesl il iy salow et 1500 ity 1+ T .
1 t resangal polbuaoves 3oSer sonsonerss Lot sy ’
TS SRESTCTE sRiehatont Res TTest Rkt ecty L Tt 3
T I + { -~ —
. . o 1 s f - 1 = 1
e 3 T o 1
. T = ; 3
i 3 pey Re oS ® k
! mos 1 1 T ’
3 o it s T 2 by + stes:
T looapt vl T 1t T
ooy : = ephees] n: 2 ° R 1 1
Soonie! pesre s i T s peess Tos - 3 4 o0 .
. T sasosey vasyrvaspe vyue; ¢ pEavapeyy rvavs T syonss vs T
1t L3 i T T 1 []
b : Teety T < 1
- Lt s g f iy .
237 «

R g yee]

Tacoa-tee

—

. e e .

M=1.3.

a,deg

(a)

Figure 6.- Continued.

4]
c
-2
0 ™
EE = ‘
‘ ] S—=
: - oMM A
i %= .
i [
(=4 s
(&

; ORIGINAL PAGE 1B 45
OF POOR QU

]
!
i
! :
‘ 1
- N g ade . . A
+ I
el N . e | meuvere e o . . v te T e moem - .. - e e i s ot oo vy e e %' . . :
N . o v ~
‘ k4 B— v '
U



P S h by w B il b S hadieb.  wics, JShuiba T

i , .
i ,
i -
b b
e
3
; .
i ) {
I
1
B : !
o (&)
1 - ~ o ~N co
. . -
;. - 1 ! o
- 5y grastse: e
; . e e T !
N ; {
’4 = 4 v D
R T ‘
- > (- -] E
{ - 1 e
PN T at
l e 1T
l i T E
j : e
i T 1 -
| : sSeseest e
; ! STHsEn bk :
. T o
~ e TR
LT
T 4+ * *
3 east N —
N ot 3T T N
: : 8
T M o2gpe =y 4 I3
hoges: s sopieity
. Song | T 3
T t R .
e , o
. + 1 g
B .
: : =4 o S !
B : ST R
i 1 1 .
| : =T ; —t
i : Srh ) 8
c] ) B Tt rumr ey [} [ &)
s il R A S : =
3 PR odphds M g '
| ‘ ~~
C X v ] ;
, ~— & ;
T =
. &0 i
I o |
v e h
iy ey
v b Bt SRt Slagt SRS L Fy 3 ! i
. 1 -
,
' i
—_— i
i

e A aad i A B




gy A

a

s w0

Tefme

-t

F

c 4
-k

as v " rvaunn T
ot Tt 1
1T 18335
pos T
T T
1 T
o
1
ou
.
1 T
1
j¥yne Sptevess
P TR ams soe ooy
PYPUTTag SEpes
1] i3
oy v 3
T
T 1 T
T
Tt
1 t res
T iodg e it
T T T
T T
T
T s o 3 0a3
1
ot
T T
T
T
T
T TEETIIITE
T t
T T
$ HEr
t
T T
o
e vt 1 1 s da
aussse
pe

(f) M = 2.00.
Figure 6.- Continued.

.3
3
o
-
N

Circular
Configurations
B
BW
BT

BWT

O
SESRaETy TT 3
st s Rl tHAT
(#9999 Sy § § poy
nifiRa i fhtstt: i3
B B qhre e
e i) L R
o ¢
. L]
47
ORIGINAL PAGE IS
OF POUR QUALITY
o " n - / o | .

[N

[PPSR

PO

et st o ] o MMMt ot .

i oM e e . e

[V



*ponuIqUO) -°g anIdTg

‘06°2 =W (9)

bap ‘p W
2 82 ve 02 9t 2 8 4 0 v- 8- A

TTeITILet
1 P
il :
5
_ p
H a4

ms Ol ;
19 Vi . '
oL i
o
J

me
8
suoljeanbijuo
Je|nas)

e

L




C 3 T o — e

*PINUTUO) -°g 3anItg
‘96°2 = W (u)

bap ‘o
91 4| 8 14

S Seses SEsIIEY!

iMg

19
M

o

e Rttt sa]d ey e

.y

,x
T

suotjeanbijuo)
Je|naiit)

o
T e
——

QD<0

kg

ORIGINAL PAGE I8

OF POOR QUALITY

SO FUNR S SN e e et

™

i

VN e

1,



- vy e T — T T T T T W e i e S m e e me — -

‘panutquo) -9 IInIrd
‘66t =W (1)

bap ‘n
44 8¢ 02 91 FAl 8 v 0 v- 8- .

3
w

i il

img  OFf
| ; IR
| Ak Mg O
1 @)

9

suoljeanbijuo
Jejnai)

©
50




TSR TR T————

3 ~ -
v(!. '
g
*papUToU0) ~ Qg SINITJ v
)
4 82 | 24
i Al
Hiin i i
* \.w.x, T »ﬁu
it i 4
R
H H 233 332
i1 : it h
2°-H
3]
8
—.__Q G :
N.
2 b
G~
©d
=5
=
55
m ay
o
c 22




i
v
3
.
3
.

TP T T Snpe— e T

aerodynamic

it

attack on lateral

i
A

sides

amcle of

charactaristics of circular croess-cectiosn body with

Figure 7.~ Effect of angle of
variation in

52

J A ———

£
i
¢

'\\ o
N2
o



TN e e e ——— v —pg—— ——— "

o
[Ta)
=
E (.
) -~
<3 |
ol PW ]
{ 3 .
: =8 _
' - mm _ By &
- oo
o - = §
1 - R i
3 R R - = -
: H ha N
; s o
. S - s .
U S SRS ~ k
iIhIITI i
ts N
| |
o




ot m — —— - -
YT e - e - e e p—— ey S —
a
—
I3
©
- o~ o ~ - o ©
.q ~
: ‘o

M = 1,60,

(c)

Figure 7.- Continued.

54




yov——x

un
[T}
(3
(&)
-] - o~ (-] o~ - -]
- =
: T i
N S P - —
_ -1
. o
[h
. 3
- B TTTETTT T T T o o
' O -
. o B
: | O
” e . e H O
m A = 1
. —t —_— —
} P
_ o ]
! g - [
: i : : : =
: ' ) ; X
H : { ; ; =
: i T ; H i X ”
: : ) : ! i ! . :
- . T -] — NN Y - < A :
; t ; o ! : i . :
i i e e i - . . H
m i felalRes ] m n w ,
H . - i i _ _ M
m m i i e _
| _ w - p
. o - o~ (=4 o~ - ©

OF POOR QUALITY

ORIGINAL PAGE IS

R T U UL I T o ST

[




- cwemm el e re e p———— — s e T e e T e T Ty ¢ A—— v o T e ~

6
4
2
0
2
4
6

]
t

+
. ¢
s s S

- e : + <
_ ; =
) i i -
1 ]
I . s 4 - .4_ 1
; —
: Q o 1 , ©
- R - 1]

Figure 7.~ Continued.

{

i ; 4 BRI DU S
[ N
o~

T TR R T T T T T T W T R e T N T T A TR T T T TR TRy T T T T N e, e mm—m—w e
4
SR S,

L

56

CURRem T T T TR m e

-~

= . oy - E . S i i FEE——
e e T g e O i A N Y -




- ey o ——— - —————— = =

o~
un
Em
=)
T
<
D
e
&3
S
. (e
. § S8
& 5
o B
S
= ]
T
- &
%
r={
=




p— v - — e et T i e i e e e il - -w

P

vt

e

SV SN
i

b inned,

e B e

L

R o i e

58

i
: : -
4 —_— -
v -
)
h
,
.
¢ - B
-
3 i : . . » - PSS _ I
SIS - - e R Ea s - s eI U R £
[ 7
S IR o 1 L




S— S S — e o e e s e 11 , \
- - a
c
o
- o~ o o~ - <
' ! X -
o i ! P i b
I ' e R s Mk
w | i : : ' i i °
T T T : " T .
! : i : ; ” P
1 w BIRRY..V.
i H H H } H .
i H : Ty : : w\ﬁk\\ S
; ; : f V.V 4 s
] o " HA
H - - - L -d
: 4
Y, H : : n ; !
L PRA §
: WIRRNY/74
' i i : . AL ||”
; ; : Do AR !
: : : Pl : ‘K
: i ‘ i Do <
: i - : ! 1 : : .
: —d - I t : P !
H H N M 1 .
P S SN . L -
w w Lol m R m
- o e bt - = ; : ,
_ i : i ; : A i .
H i : : ¥ : ]
: _ = ; X e
, ] IR _ VA i
— t - : ) p . i
i : > coo v : Kﬂ Q : JRSN
—— _" -] — N 1 N T n i
; e “ i : L : 4
f— i P i Sy ¥ e I T e R e
S ! . i 0ood [ S : : X
. : — . e . - {o
H o ; : i R : .
: i . _ : I i : _
i R - SR SO SRONE SEPULNNG: S e = ; - A
f ; Pl ! A : :
; L ! i i o . :
o - ~ o o~ ‘. o -

2

)

)

e e },!lr.‘\!\“}(w\'xbxtlr‘.l

“

i

i

M=

(h)

To= oneluded.

Fipure

59

ORIGINAL PAGE IS
POUR QUALITY

or

o ———




T T — YRR Tpr——

He R St St

IR S—

T T T T ——— Y T

TN T Y e ) Tt TR ST T T T ey v gy wn -

<
(%)
- ~ o % ~
T T
| _ P ; - .
o .m\li - I B :
| 1 | ! : : e e - e e e e
i [ H S S
i : i i :
' . i . .
e .- [P N N S N
) i i ' | ¢
. : : 1 : I, . _ J U SRR

|

+
-2 .._.;I-___a?._._.__j.___..._;.__. e .
]
i
1
|
|

sy Ll e e e i

SRS SN

ect of angle of attack on lateral aerodynamic

Figure 8.- Eff

le ot sideslip.

in ang

.

cular cross-section body-wing-tail

ariation

characteristics of ci:
confipguration with v

60

[RRme———

o w L ews e pre

b s Avar e WA e IRy

ey e



61

Continued.

M=0.7.

(b)

Figure 8

! . P S : }
T = S T———— OREYE M S0 N .._ RO ENE x . - . . : ) e : b
sw\.m??wwl? S 1T AR ‘.L&kwhmﬂ‘v@, kg M g S o - ede s »r . . ML . T e TN e et e Bl s

g™y

ORIGINAL PAGE IS

oML i ¢

7



[ an ittt e i e afih et te i Sl clel o Adincdalie

R T Ty o
v
<

———}
P -

cn
- ~ = ~ -
— e ——— e - [R— .. B - - - — ™
b e . . . e
= ——— et = So——— - ———— —_— — - - - - 4
- .fl h
] m ‘
- - ~
z
- - ! \‘0 '“.” ”>
- - S H
A . c = ,
_ \ \ .ZM, i - i
r s “ = ‘ i
\l - T
) ; / o . :
- —
.. ~» ! - )
- /R / z 2 F
.ml.. o o o & \, : \mu\ =
TR R s , :
3 o I = A
o« pe 9 5 i
IO N iy
vﬁ ! e b
B
\ j e
- - 4 » d He .
. <
P - ~ s TR ST - T - - - e T e o~ s ~ « T =T
[Snd - .
J
N
Vo)
! -—
H
- i
. - . >




TTYyRERR T

il ettty LB . heclue. o e aiiaitiiidacdt s dnics ool can R AA Mt hiiak ol AtesslNg

DR 2 4

. 2 B

"

63

Figure 8.~ Continued.

ORIGINAL PAGE IS
OF POUR QUALITY

o
— s

‘..1”, SIS .,,,M.:.L :rl.wL.,.LPwrr

A

™
')i”c.
A

#




”.

R —IN

PIVR F NN — r|

TRERTTRN T -

—

b

I AR A

Rk Y

a . deg :
0
10

<

ST mlx..!....uva{‘

e —

M = 1.60.

(e)

iy e p—— e —

Figure 8.~ Continued.

64

e v -



Slhael et dl S ae st miiee s sl Easmene N L SR A et Rt o

65

AL PAGE B
ALITY)

ORIGIN
oF POOR QU

o
. 3
o =]
o Bl
- +
(8} [=}
O
n ©
= [
(o0

—~
G [}
~- -
po ]
o)
bal
B,




e ab uahl

I

M = 2.50.

(g)

Figure 8.- Continued.

66

—=

1
]

-




- o T Ty T Y T g S v -

T — - - = —

e s
P
i
4«

o S G e e

Figure 8,2 Continued.

67

- Saait oo Sl ol

a

\

pAGE 1S

ORIGINAL
OF POOR QU

af
o



— - - . . — - s g o T T oowme i
es——r—yerr—— .
Nt ) i 4
A
=
i ;
I - w
T - ) |
i N 12
w m i .
M un
l
| Va4
A o
d pr— °
H : [}
| _\\ - =
) 5
4 T : - Oo/ L\l“
~ =
£ It Z
i : | by = = '
e} - : { N
R i oo}
i ; +—1 : — -
: H ot o
L_[ i /I\ r
: ! ‘ =
H f : ) .fl“;
m i —
- B =
H e coo _
T -] -— O
i < .
_—
i ;
4 ~ e =T
.v (3 g
i
i 2
O
,
) . ] » /
\y 3




Elo g o adliahd i i ottt B e o s it aand naiiinac nalafiing o Con o ataes T T P Y e T T ——— 3 - -

69

T T v

18
ORIGINAL PAGE
OF POOR QUALITY

|
{
i
|
|
i

- _— S S S
| T
, — e PR ' . P “

A S

-t

Figure 8.~ Concluded,

4
4
s e ST I

i
|
T
i
i
i

]
i
. _ AR 1
S PU-UON S N S NS MRS ST RO WU RO SV
; oot e A B S ol
T

frm oo d o= e

e e A A
a.deg
4
19
20

[ ) VST SR T L. SO S
|-~
)

e & TS
G
Gy
o

b e e e e g T T T e e e e R e S CaR § D R R e o



had . M il et g T T ™ ro—— - e ——— e o p—r— . -

T ————— y—— " — [

] ) v

=
< 1
oK o~ -] - .
z 3 = 3 3 = = _ :
_ . . . . ~=2 s
e 5
T T T - o o7 - - . -~
! ~
r - 1 <
i , < m ! 4%
S R S I S - =k
. =% - e ==
w W - ——————— A =
'I.IA..IM.o X -¥.-¥ -] ; o=
— o U, Cm S — e .- e e e Tl..M.lT.IL - =
o | d < eh e e Al =l
— + N N coQ® — - , 7 — / T / V% " Z
] . L A — : <
——— PO N, .;‘...\IL.I. |,\\ - + . ; ; "
: ]
' i A A S : &
— T =X ¥ m
U ﬁ J NS S I

TN .
S 2 IR T I a
“. T A BRI
S AR e :
FEE /AN 0z

of cirenlar cross-section model with varintion

., : & [ 4 -
: — f .
! v o "
s I i T W
M i M : °
i P 7 !
: : ! + T
| T T
i m
! L T
v : :
“ —~+- < : :
: T i
: ——— L
“ [ R i |
-2 N i .
H 1 0 L
o .
! i3
° -
g

.08
-.08 '““
0
-l

04
-, 04
Figure 2.~ Effect of components on lateral-directi

Cvp -.08

70




e e

12
- 16
20

U SR : B et ez o e e e 4
' : 1 : :
: ! i ; i ; .
— 1 i - > -
P . {
. : — - - —_— - —d - - — — - - -
- - e me——— b deiaias i O

Goem mgme—

1
i
i
I
Circular
Configurations

kT
. [
S

08
04

!

| N »ﬁl\“{l’b\ﬂm( m],r — «G\. i ‘H,..Hr\ o n@\lﬂx

ol Li..l.o)-kit. - ,,év. Cg ,ﬂk. G x ,. = : -
,. 4 ° B ’ ) o
R 1\ I . | -

D%

oz

e ——

nee Y- Cont bned,

'

£

(a

P

[Tty 27 ™




o
]
A
o

p—v - — v T — e — S R —
- A
na
(%]
oo - - o o~ ©
o =] o o - et
T nn -n A -'
T g °
t H : ! Ten
H H : i i :
t + S 4 : S —
: ; ; : 1 i
: K + . _ + e ——— e o~
i : . “w B TN
i ! : [ H .
H . H |'l 'l'w —f - . e —
H ; | s . : i -
| ! i S . - :
H H = w3 Bz — —_— S o ——— - Ll
._ m P Lo edo@ “ , e
. . — !
- —— — © c .
. o
: ! <
i
t

—_— .-Jli.m!-...%. . .!.*i. i 4 4 R

m I

| U > -

| S

_ \

AR TR e - _— &%V\‘, - . ot «. -
,..;wa Sy W ) uw
b g T

a, gen

0.9,

-2

(¢)

ot e

Fizrure R

72




73

1.12

08
1.04
0
04
- U8
12
16

Circular
Configurations

oA0 T

3.

1

(d)

M=
Fipgure 9.- Continued.

4

08
.04
-.04

a.

ST, R ST P AT L T 7 iR, e 1
I
i

et e

e :‘.,.ko.‘.m‘ B L oy - xﬂm TR TRl
. : . R 5 ;
: P H = 3 A S Y > 1
LT - v vu - ° : ,u * @ B i
X i L ca - - o . n e me e eme e )




T TR AT W ey Tv— - ¥

=
o~

TEwTET TR TR ST TR T .-—m Y e T mvrT——m—m. ™

Cna

16
.12

08
.04
=12

36

- |-.04
-.08

Circuiar
Configurations |’
B
BW
BT
BWT

[ (SCSRSILANSUR NS S

o
0
N
o

12 16

a, deg
) M= 1.60
.= Continued.

Fiyrure

0o R ®, ’ 4 A 1§ B =0 R wz . R Tt L2 I e
! ; P S T Gi e o
. o L N R .q., N o = .



) ‘ . i YT Y - r.

75

12
3¢

B
—iF

+
!
i
i
s
i
1

32

T

I

28

Circular
Contigurations |-

2,00‘

a,d'g

Fipgure 9.- Continued.

.08 -
04
-.04




Circular
Configurations
8
BW
BT
BWT

—
1
o
a
A
<

A
Fey

e - e -  iadann e e i e o - - —
= -
(-2}
c
(53
- o - o o~
< o o —
-. -A -u
1 ' .
4 : H : :
{ :
T e s e e - SO - ' — — e e
. i +
¢ :
' : - e e e
i !

' i : i : : i
| t T
: . ! : . H : H
t i i : ; : ; !
g ! H H H : ;
- : : : i . i
- i - H : . .
) o : " ;
: ‘ i i .
,
: : i ; :
: . . : : T
: . i I
i ! : - : .
H ! H . H
} i : i
: i
i

.08
04
0 f-ierf--
04 |de

;

&

|

)

],
: ot
) T3
il SOSRRE R

«
d
0

-.04i

Figure 9.~ Continued.

76




T TT TR WA s g

ST TTTETRER LR

i m e . e N o S §

BT p—"

4
.
JN—
o
c
o
-5 o - o
o (=] o
: T T * ———- R
. I L b - - - - -
; : i .
t "3 - — — = « O
: -
1

BWT

BT

Circular
Configurations | .

.08
04
0
04
0

..0‘ ;_..... Sp—
08

a2

clp
cYp -

g e T LT e Tl e T D e e e RN R
M : o ° e se > 2 =,
. 5 ’ )

7

OF POOR QUALITY

ORIGINAL PAGE IS

M= 2.96.
ontinued,

a, deg
-

(n)

re 9

Figu




.04

-, 04

-.08

——— T —————————— g T

e ————

S O |

Circular
Configurations | "

i
: H
i .
+
| =
. i [
— 2
i n =
H c. i
1 St
: ~ £
H o 2
.. d A‘ -
: A
—— e i =
————— i = t
. ~
—
et
—

Figure 9,

e
.08
04
-.04

e UL DS Srl

.
Rl
o~
.
- © ~ o
-3 = - -
Q. . ..
=
(%]
Q0
o~
Sl
. I - LA
s
R
, L mTER
-




A
i
!
joa)
~
o
<
©
- o < 20
=] o =
. g <
i
—_ ——— S P - ————— e — e e——— ——————— .- =
~
_ J— - =
, —————— - s e

.Inll..i] .NMV..]:]WM,. o.. e o et e et ——— o .:|.~0.‘; .%.l »‘ﬂ

28

4
!
Circular
Configurations|.

4

|
|
|
%
of
|
{
b4
|
|
e
" ()?w-‘
—oii”
OMA
|
|
o
+-g!
O

|
|
I
|
0|
!
|
i
t
WS
<>I
e
Lo
i
{
i
!
i
~Q. L
N,

r
N A
o
Lsg Q
Bin
|
14
o ded

20

i 1 -OHA — (n
- @ ? . &W ...t..m.. |.I~ M
: ,M .mwvu, w.ww ”..,U - m - MWWMWM.lL.I. — ° = 1
: R ; [Pt X -
P Y : nuumm . - I -
. n“ . 1 : ¥ *w —— -U
- T gt — T =
L @ q &L e =
-yamﬁw+@i;;@;i 69 . .
L e e @
_ — 2
AR o T o
S N R B B -t <5
BN A S T o
Lo SRR =
IR | = Z3
T e T T g TR g -
.0 'l-. -' L] RF
w &2 = k=]
)
|
. — - ) ] ] -
3 - -

- e —T AT g e T rmm e g ATeBY A ST AT Ty gt EmRRY= T e T e e S X o e g e T e e - T

Lo ot




=

)

L e D e

I

4

S FTTETRTmTET T, ETE u-—.—.—-,w—;v-.—w-vuv—-—-—.—-—ww-w—»n--'\rwwww,mqw“""—~ T T T T TR g T T Y, LA Rl /e TRTTO
/

8l |
.6 : 4
. []

Circular 1

.4 Configurations ;
broi .deg {

!

|

i

!

{

o

i

"2 R R T TR T RV R TR 7

. cheadma

Firmire 100- Reil=contro 1 et fectivenass of civcuiar orcg-zection body-wing -
tadl contizovnt ton with variabion in ancle of attack,

f

80




81

il

28

1‘1Q1LAIJnﬁI

OF POO

ORIGINAL PAGE 1S

a,deg

TR e

Figure 10.- Continued.

Circular
Configurations| .. .;
brol) . deg
0
]

Ve
‘

1.0

R 3

(T

e

B




e — i et i h

S m e e e o ——————

= -
wllvlli. I S e T TR Y S & = :
: - e il aee e - - Cm e e e —— b ‘I,
| b=} 1
M s = !
_» =
- N 5
: —_ - T e e - ——— B
. e ) <
. : ~ ps
] . =
: : - + =
i : : =
———e : w
} R , M m
i g : , [ T
S o co i 1 i H :
— _— o 3 = —— € : : i :
H ~ O o - : - Y : ! . “ :
| 255 : ; . : ; : o
i O o : : . i ' :
Ry L4 .u Lo W
_. T3 ﬁ B i 7
j oC | I B R :
: - By [ S o I o |
H . i : : ¢ . ‘ u
[ : i i ) T T * a 1Y
‘ - T T T o t . " . . “
m : 2 e e IS NN A L. : u
" i i _ i - i I |
H ! H ] i . . i " u _ ” -
o -2 o i : { i . : o

G .4
Cy
82

R i _ : ; e e Wt e st
) o ! ﬂl\ﬂ H T ,wb S0 ’ w - ] 5 g ’ 8 B u
W‘L [ ‘ u M o : s, ; , B Wo R

1k



o T Tr— T ey e — et s

83

32

—
: 3
1 2
i " ) E
i “ ” P
i ; M i : - =
Lo . S - E
P “, . C ,
 E— _ ; L
H ¢ N c
: : H 1 _
| SO S S [N S S S PR .
! T : - )
; : i . . = g
N. : _ : 7
; Y T 5
L eee g R i - PN
- P
! ) L L. _
: : . i > .
| : € o n.nw
[N, RN - L2 . !
H . : ; -_— . 2
: : . 3 _o0oo0o
i t o3 = put M <
" s=2 .
: | PRty s
. S o
P I . o o0 =%
1 { ; i j ‘ u
) i . _ i >
I ! __m. : ! : 2%
: : ! T
. SRS PR SN L =2
aaiadetds 1
D m ! 2%
L ! _
o 00 © -
= .
S
L]
L ) -

11 s ki s e v e i s bt
: a
T

- { ot



— - W e et ———e ——— = — [ B . S T

T o e —

T ey St ettt s = My

i e
PUTTURTININN

32

T T

: i
i : i

.

Tk

e e— t——— s -

egoses ronany
i
S

S TN

28

e
§

: !

H : w : |

e S -

24

20

]
-+
t

[P SR USSR

SN R SRS SO S SO A |
12 16
a,deg

1

——r 4 —e .

Fipure 10,- Continued.

———— 4.

M b Lk e S e e . T e

: i
i !
. !
i :
]
o R T
| .

D { I N
i i .
| ;
- 8 Y SRR
'
|
!

!

.

|

'

]

]

4 8
v(/

e

ey '
: ] i .
: l ]
N I :
oL %
' 1 Circula? :
.4} - -, Configurations] ..
Ly broi) . deg
;O 0
. |ﬂ 10
: | : i ..
|
|
I !
|
{
| |
-4 0
! (o

1.0y

C
C
84

T i B S S ~ty - T s o T
o LY nm. . a0 “ L) “»e w. A//u 2 >

ey




. - - e —————— —— -

c
85

28

S
i
1
L

RIR ST SN W N

24

o
[
- Ic

. e 2 et !
. . . ! . J.
; i : ; !

f

i
g

i

|

|

OF POOR QUALITY

ORIGINAL PAGE IS

3 T M - ot . _ -
; i FRRE - T R - \
1 H H : Lt e

Il
i
“"}"\
J
|
!
i
|
t
-
i
i
- ; . edea .
12
a,deg
I] -
Figure 10.- Continged
1]

i
i i _
. ; | —_
M ” ; " .
| ." ; - i 60 -
{ : w : ] .
v .N, T T
H t ; .
. ” “
: bt H .
i y S o | N
- - I ..ro.we : : i
B b H - ’ T
: _ - M + IR
- Aur “ |
: : W 3 “om H i ; ,
: Do i ; :
.“ Les T _ —1° -
H S R i .
- |l.l.._, K S c*e ._.. : _ R
* . : (=] H T Il‘w.lll.'l : _/
! S i : !
| L oo | ]
_ o :
! | | _ ” “ ¥ |
! ! . : : i . .
B 4 t s LU S - s -4 : i )
: i ! ] : e |
i | ! : i ] m
1 i i
-— i H ! : |
L~ ] o0 o > ’ _
< o~ o . .
_ o~ o~ =3 o~y H

r————

E
e
,@%
i
h ‘
P -
H
{
1
1
(yiaininns
Gl
g
2
N
em
|
J
’_M}‘
1
.
i
¥
¥
v
U\‘

1

t— ——

v h 4 ' ’
g A B e SRRy T W, by 1T



- -
s Y
c
L
O a (3] fow} 7.. -
- —— L —— o — - - — - - — ' Ama
Mu-;s»-l.ll; i . - ——— — e e et 4W|..! M ,
| . -2
m e _ LE # !
T ;
L —_ : { S
j \ _ i :
' — w ”W Lo
T LN u
T T T i ¢ = X
; o Y4 -
- - - -
W ) L4 R | ] )
—_— - e e w. . . - .M . -&—.. M - —_——— nk |
| !
[ S S B A
tg | e A S
5% S ;
.MW..”OOW H.W- - %,.iy e e — .“U
2 cnl..O . _ b . i - |- _ , [%
S Y- _ M . - - : Nd.
: © " o) (5353 AR nu R

86

e oy e e

O s b e e

AR Ys

oA

TN T

P

<



Rl e e

TR T T

—r e - ——r ————— ———— - — ST e s 1wy
X - g
- i
|
il
& = .
E -] Aﬂ ~N (=] ~N
T e .MP — u... QT .,...ﬂ--,-l.; - .rﬂ — _
—— | B
_ : i
e —— : ; R R =
, e SRR R i .;/V--l T — w _—
p— —— - v - - —— — —— —_— . '4| . j ly‘l.l'.l\,'.l.ll*‘ly’ - ——— v% )OL \”
¢ S b
- o - I . N M . . . ﬂ . - |. v, %.ry. S
— n_u : Y '\U ﬂ © a n_ i
j 5\ M I S b
- R - “ / . 4 . . o - . . _m,
U - S U G - SV H
w.; . i : = - ., m,,
w [ E W,,
M o mAu Tm_ B
—558 g £3 R
S- _oo -
—i35"E - 2 £
.. 9% L %5 ] a3 =5
c [&] [~ <
< onO | = ,.
- & — c O >

2
0
2

o

.




” ey T— wr —r - T e e e = e = e v e ey 7 e e <1 ———— — e et o ey 1+ ey 4
= * b4
=

- B r‘

? i B
~ i

5 1
%) _.w
©° < o~ i ~ . 2
. . . . o~ 'Y
7 ; T i T 7 3 * o : -
L T T O Lo |t
! T e H m ) I
! : : ; oo 1 %
¥ E N ~ Lk
| . i

24

I

A 4| .
|
_i_
|
.

|
{
1
:
L
J/
O
f
| :
%.ﬂ 0 "v o, . o !' S c, ‘: . .. __o - aa
o}
|
|
20

a,deg

e J10.,- Continned.
«

———|
Fifmare
S

W :

i : : : : !

H _ : : : : - _ : !
! ) : i : H ; : : :
. : : i . : : "
: . : - —— .- - i
UL S A - i

C”i“rt-:'ular
Configurations|. ..
broyy . deg

.2
-8

i
>
©
. S >




—y T —— e e e S S aatat oot . bl JaReesndinGiiel e cds b 50 SR R b i Bl od r— 11..1 ,_ mpe
‘
3 ~ - 1
e — _ L
v - g
- . - c o Lo
' . : | . H . : . : - ') N o
.m ; A h m L . a
M . oo — i m e———— e o 2ot cevm e u - e g ; _ {
| m m_ o _w ? : 2 : T " 4 l
! H B . : ! : . t 3 o~ = % R
! ! _ # o _ : ) | : ] >
i ! ! H X i H : i A i
! I : : ; T T : : ; i
L M | N Yy 7 | R 'S LA
: , — : m i : m = 3
| R Al ” B 22
. L .“ ” T T w — — 2] < e
] i : : : : ] : ! AW : : * olGl P
i : —— m m - m - e o
w i “ / i X ) B + - ®0 i
1 Ll : i : : : oY . b
i ; P ] ! ; : : :
| o RUREELT . R E -
m m w i e : — i~ ——H= . 3 B
i i i ! : . : : H (Lo} — k
_ : / i . / p P : + .ﬁ \ NATEH - ,
. S : i 1 : — ;5 S
i : : M#W N /. P Q@ ~+ m - 3 3
.q w W m —N— e &
BRI IR Y B :
_ [ S R ¥ M L A i S H , —_ .,
—. ” ) : Lv ] : : + % S ,
m “ — : m A N A e
P9 ; 4 m m : =z !
m E o T ~ - m — - = :
W NRRER IR N ' S |
w j P : : " I B : M N
| .53 R e R NN -
G - O H H H H H H . H > .
5t “oco m .__ I S A B ; : ; - Lol
—— 0 3 = - : h H : : : : : E ,
t=e ; _.w. m I w w N L
9%t~ i : 9 | m ; ; i -
S m i : : il
© ooj 'R bh 4 W
T 4 | N X H B H : d e
H 3 H ' : : : . Lo . i
M N | W w _ : m
’ ‘ P m S B : |
: 1 _ : i : R R W
o 0 8 -} < o~ o ~ o~ o ~ 4
N - ) : o > ¢ - i
(e S
! 2
] . ' e gy e - s
&7 MMV T 3= LT 5 /l'ﬂ“l\ " — ﬂ&\\\.ﬁlﬂn\wr T e T B o 2 e == 2
g T R i "o o il i i




e
; : ;
o

Circular

Configurations
Byaw. deg
0
10

O
a

e

artreat ivenes

| b= Yaweoonte

.
e

g

90

Yo

t

& “
e AT

L



2

1.

PRI—

(e - -y

e et mmm S m——p - — e —— ——c——_— J.ﬁ
0}

e e < i e e

ICREEN

91

L~ e

Circular

byaw. 9€9
0
10

-.|| —— wl !
— T g | -3 T - ﬂu H
: : H 1 [ lar K
—r - =2 “,
i : -1, i (65 e
: i . . , e < 5
H oo .. . 1 :
: i : s : e !
: ” 1 ; .|“lﬁ‘ —K ~ Q }
- —— - : : : — i
M w i : 3 < R.W |
' H : . = . !
m L .@ . 3 m - 3 : mmmw - w
(= i H : : = . 4
> : ! .2 o« = .
H T : : G U Co
1 : & . _
_ —t 7 Ty T = :
H © . = 4
i - e} R K
" ./ \ i o - gl
.o ! o~ ] b
P . —_ M. _ | v )
i i ~ T .
= H —i o = ¢
{ ~ = i
' . w
b : i T T
. S =)

Contigurations

]



T T

C e ‘_.y-—'( T

0

e - pprp———y = —— Ty

.4 C,

: i ] .
i i A b H T
H : B P { ; .
H B %m " : ”2
: “ — , ; @
i i ' | . :
H : : L . |
; : i ,
: - w —_ _— -9

| . . . mﬂ
H 3 H X - —— ;
K | ; 8
i L | : i -
N : m
1 H ) i
| * 1 — - - b
* - ] : m
B . ; +2
; F— . -
w ). : ; ;
. 7T : ; '~
. i H i
S S Db B :

L.

Circular

)

c

o H
= ;
o i
-lAu- H
3 Too
o < -—
= >

four

=

o

o

O
a

H Q“’-{

e

e

o 4
0er

M = 2,50,

(e)

Fipure 11.- continued.

92

4 ooz

Ao



S

A

..

ST T TTTRTITTTTNR [T T T PR Y TR e TR TR WA AR TR A, e e s

E T e KL T

Circatar Tt g ol ol e o et L
= Con'lgurations.‘;:l_ ]
o by“,deg |
e O 1 s Sarei o R [NUPOH EGI/AN SYVDIIN INIERR SO 5 .
HEE 10

a,deg
(d) M= 2,96,

Figure 11.~ Continued.

. . R SRUURON VRN SRR SO R hwiz.-._J
4 L] 12 16 - 20 24 28

32

e  leitan it

e

e aireite . kb AR, xS

DU SRR Y




L S A

— A

Er ;,.«-""D". .‘: po
<

. _ EEEE SN BT 3 e
~ o IR RN | -
M o : » T
i n o ¢ b - 4
. U - R UY S S
. - pooi ) % ; . I

byaw,deg
0
10

)
10

Circutai
Confiqurations| - I -

[}
4
2
0
2
b
of
2
4
6
8

- ——

um wv.\,i\,‘.z;?Mi.w Mﬁm\m , « w@qa‘wwWctu..,,.[ifrw.lll.zw I q B S \;;_, ) :V s

S Contanaend,

1

Pt

ST

P s o b e ot

7



[rra—-

Q

di?fular
Contigurations

6yaw» deg
O 0

a 10

i ,12,.
a,deg

(1) M= h,63.

Figure 11.- Coneluded.

ORIGINAL PAGE IS
OF POOR QUALITYi

95

R——




i
|
|

Etiptical
Configurations— -1~

ﬂ :
. iy :
: ! i ¢
- i -
T — _ ;
E oo -

* )
O— '

0.5.

(a)

jtudinal aerodynamic

ents on long
ptical cross-section mode

ttack.

Figure 12.- Effect of compon

1 with

ctics of elli
variation in angle of &

characteri



R

.
w—

el % L

-2 . |

<obao

Configurations

Ellipticat

[,

4. $ 12 18 " io 24 28 32
a,deg

(b) M =o0.,7,

Figure 12,- Cont inued.

IS
ORIGINAL PAGE

97

.
: ic e ——,
AT LT TR LTI
o i . 1'% 0
N N S . ,._, / I
A ]
: i ;//
;;/ -~} | _£ i
U S P! = -0
: A
& £ . i . _._;.._._ S




B it A0 et AR A I A i SRR oo L/ s AN B et oS o

oty ——— ey R TT—

M . 0090

o
(9]
3
=
M b
. : <
: =
; T 19}
. . : !
I ¥ R 3
i i : 1 ; T T © —
: N FI © ¢
v ” TRE M S
”‘W H , i - g
23 M N oy
435 ) —_— ; £,
Il.m. H - H
wz : - o
o i ! :
: © . : H
m m i |
H i : -
: M H : & i .
; i m i ;
: ! ! ! i
w S I TS B O
o~ o - -~ o ’-- 4-
L} - CN
(-}
o
l
S > vy - . T -
; ( ’ i
. I ° @ 57

[

— -

A

-

wn—m

s



®«T TeRArC T WR TETY TtgTYT TR T vmw v vemwe - R -

-

99

o~
2
: >
v.u K
e :
3 ~ . “V
=R w m .
=
a | o
{2 - O Al
. B |
— C
o (&
~ S ] -
IS = _. >
Q
- —t
- S 2 & H
= ~ & ~ i
_s uuo = m {
- = oed G 7
o
a5 = <5
= =
33 3
o A R
m (e
=T cQo
- o M“
- e - - et e e e e e L i
- Y
' . 4 .
: T — - - T nu
M 3
t . .



i

¥

sk

ot Sy
iy v

“‘i\(“'-ﬂ'b;a'-«’;\l‘.nﬁ -

-
N
i i
{
! -
0 o~
i !
! {
1 - -
-~
! .
; ;
; : 0
i ' i ~
N :
B B <
H m T -
i
i : ! .
!
H N ~
. N :
— ) m
. : ! -
i .
: : —
- ; B
c 4 “.
=2 i 3 S
C“ B 1 1
=t - !
== i “ -
£M ‘ .3
o N d
(%] i
3

-4

-8

Cm

-4

M = 1.60.

(e)

Figure 12.- Contined.

b

A

<
I
i

100




T — T——————y T % iwe . Cewepe s v e s = - -

101

acE B
ALITY

ALR
pecR O

T T - T T T T - T
: ! oo ! : :

l;IlTlIIl Jmi i -4_...-. . t!wi..f.. e =

ORIG
OoF

=

o, deg

M = 2.00.

(f)

Figure 12.- Continued.

Eliiptical
Contigurations




B

102

Cm

-2

Ellipticat
Configurationsf

-4 0 4 s 12 1620 2 8 %0
0,deg

(g) M= 2.96.

Figure 12,- Continued.

a1 x S 35

s ek

e e

!




©
-9

i
i.
- -
o

Elliptical

t - : Configurations |-

Fragees

12

¢
t
' a,deg

(h) M= 3.95.

Figure 12.- Continued.
ORIGINAL PAGE IS
OF POOR QUALITY

103

ihAta 2

el

Gaa el eiain

b e kot




SHONE T ST ELSI DRSS MR R T ]

Nk

3

T ey

.63,

M

S
‘0 o~ o A.‘. -
M T A R
. 4 P \ i b
i A M_ % x_ nk P m L
N AL HERR\REE N
L R4S HEEE M I
| EMHIREE R T
w BELL RN EEREE T
; : _ i e ! ”, =
S W‘ m AN | 54 m 4 m _ I
- ; m -+ VM R4% i ; j w u M P
L, i /“MM i oo ..u s |.”l|.. o !l!,uwll ~ l
" AN 3 R W
L uy _E " -
. +— 25 z: _
et R nm m
___ 3
m o~

i

o ——— e

Fipare 12.- Concluded,

104




I

g e s

M C
\
P [ LTI e R L R PR

LT T TN s s g et e

e f e st e e

it
Ellipticat
Configurations
bpitehe 909
0

1»
o dey

(a) M =1.60.
Figure 13.- Pitch-control effectiveness of elliptical

cross-sectior body-tail configuration with variation
in angle of attack.

g 1IS
{GINAL PAG
%%« POOR QUALITY

105

——

O VR S PSPPI S P

S

e ke ki m




'
o
8
; .

;
3
- v

{ -
,"

Q

——

i.

iy
1 . Ve M
g S5
y%'rr .
3 ,;'hu'.mm’._ l
vm.i,. ‘
Eiliptical
@ Configurations
- ) dpiten . deg
N 0 R P B -
K s q U
: e
1
CN AP — S I
2 Ly X
L]
....... ‘r"t 4 - .- . - -
L 4
N o i e . 4-dod
.k L Ll
s 4 1?2 e 20 u 1) 32
#' 0,409

E _ (b) M = 2,0c.
. | Figure 13.,- Continued.

S o 106

e

PR

R

e e

ot s o Ftts .. mmnn




i v ™ T VP T T ——p T e, AR —— - - e S s— g Ty __
y H
) 1
A
!
_ ,
g o
o
-
=
3
i
i

1 ]
o
()]
=3
. =
o A
n 2
. =
(q¥] O
o C
> t -~
- 1
M -
) o
._ -
(3} 1]
s - “
- =
s &0
2 o
2% P
0N =
“E
o3
=0
PQ
— N
K...P
G
o0
_ _, _ \




W
_
;
|

I B
. , ]

L bl e - ..
. : ; .
; ——m— - o o
2g
7 L
i H =
, S 23 &
— . O
_ —-=-—ZF 3
i : - O
_, «

§ -

M= 2.96.

(d)

Figure 13.- Continued.

108

R

-

- .
-



Bl I

——

_ i 14\ _ R —
—— m %
_ .32
e e :
5 ;

M= 3.95.

(e)

Figure 13.- Continued.

109

OF POCR QUALITY.

ORIGINAL PAGE I?

v
St




-

) e e

” H ; . w : : m W
g e
! : . 1 : I i | ! ‘ .
TIJI. - ..rlA*| % S S 4 [ S IAM.II :"
1 , w r + “_ : i
—_—— L. .._. . - . + ,.|iw,

¢ T . !
P SO y.,m A S S
m ] ot
Ll ' L : A
m [

Contigurations .
Spiteh.deg

}_
‘Eiliptical

M= 4,63,

(r)

Figure 13.-~ Concluded.

110




B LI T

}. y r— g T -
” L o g - e vt e repp——— < e e
[N

-
-
-
—
o
o
o O
2
Dy o
—E
1
— =
o °
-
-
c <
“
=
oo T 61
D =
o«
v =
> C
-— T
L -
- (SRS ]
. m 0~ O
! : - m
" ; i £ P
—t Q@ 1t L
) & <
¢ - g
i O A
. - » : “ * 0
) : : ; 2
T : S >
# .\., i ' P 1z5% SBu
* i P -=—18% % 93
i i ! : wee ..w m o}
t - T T S
I : N. " i w m.l.l
! | i 4 Aw | : ..n.w =}
i : f t O o
{ \ : ] \u” c.u “Lh
- - ~ - - ~ =
- - e had 0 ) - n o m
: @ -
v O
~ a3 (&)
@ 0 > p~]
ot PU
= ..UQ
.An.m
&2
WUNF
co
T T Y L TR ISP PR BEE R o - e .- Te 0 e e T stk Qsci;»ﬁr.!!uﬂ.ﬁ\wﬂrna} TN
- - -
4 e ; - o e e

n




Elliptical
Configuration

Spiten . deg

o5

0,deg

-y ——

pure 14.- Continued.

112

A S p———— e



—> ~prer——— e v rer -
m §
:
m
w.
w =
W . - e e o - - e - ———
| H i .
! o e er e e ek fooen - - e

e R P SO NI N

S R T R TR T TR TR R TR

| W
|
3 w

i

2

Elliptical

i
'

co
-

23

s 2
“Coocoo

3£2°28

TS

<

s

LX)

1%
o]
{8
A

U |
) H

2

Figure 1k4.- Continued.

113

1, PAGE 15
A QUALITY

R

- QF POO

. ORIGIN

D s a st @ e, T e itmedl, ¢
S L

Ma



hasiachc g i d Rlitaidi it o = T T W R T T AW TS TV T TSN T TR T TR T mm TN T e eS0T hedd el B, - - ‘1‘ N

-
=)
- ] - ~ o ~
— —e
e e PR
~ H
hiel
[:))
=
=
- ot
- ™ +©
. =
—~ O
C
- un
{
= - .
- = .
—t 5
— b
k) [ o
- ~ ~
5% P
zss L :
£t ot -
28 Zcooce (£
. =Fa2°23
; “TST
. 8
: Reiel=L
: : ; ,
- - - - ~ = ) - R s T W e TTa TTTea T T ~ o ~v
& &
i
¥
-4
-—
-—
!
[
' . 4
L. - ——
4 T - : n
. ,
: e - —_ —_— e b
-~ v T - - pom e e e Frne ? : SN < uw
; > : a >
‘ i . P . » ¢ .
Y A o >
3 Lat » I
| i’



) ——F ™ al § v ——r T R i e T e v —— T T SEnh sl ot
" o
- e T - T~ M - - T T——

115

OF POOR QUALITY

ORIGINAL PAGE IS

13
¢ -~
— =
i N ]
j ] ) <
-1 : - - .
; : ; L 5
| ; = g
: : i L 3
: : : - . ]
H 4 o o ot
: ] 4+ \O +
-4 { i * =]
_ +-4 — c
; : ) ©
i i s e .
-~ S 3 - !
I - = .
G =
3 ¥ —
. * —
i ! 7 v m
: ~—
528 | 9 wun.
fis N o
=Za"’ < .
Gz \ 3
z 3

-.'.'-diu y

P i 1 v A 44T ks imt

AP O BT, >

el

aBIRER L i D e A AN e IS ot el



. Y T g v P r—p—r——— | e g g— -

Ca

2
inued.,

v’
. .Aj. .
16
.00,

2
Cont

s

~g
12

L[]

——

O

e
M

S

=
)

g
e

f
ure 1k

_ : ;
+ H .
1 H . ~ .
i ; : oL H . i -
! ; s : 4 T + ——~
Ldop 323 I _ - L =
1 g5Ssesg| | Ll L =
EE i , i ; t ¢ e
[x — : — [l it ﬂ -
Qondq | . _ 3 i i i
- i IR T + -
% : s : i : -
- i “ ; " V.Jlly'.;l.
. i i i 4 ~f ! B
- < = - = = ~ ]
CN
{
* ©
] L d
}
.
T
_ H
m -
] ) § .
- . B oo A AT e e e i e e e B - — e ———— -
: ' . 4
- » . : . —
't
e b - T - - - - o 3y . ' - ,_ - B - )
b o




R

————

e e . — e <.

e }
N m c o wv , N
: T ' ' " :
. SR USHIE S I i
1 > :
T ]
L e o P, S

Eltiptical
Contiguration
Spiten, deg
10
0
10

Q
o]
[s]

|
l
|
+,
t
|

M= 2.50.

(&)

Figure 14.- Continued.

17

ORIGINAL PAGE I3
OF POOR QUALITY

4

I

e -

e

P

P e VL T VP



Sl Sttt aabiaanitl it e (O S RERTERRNaTY TR LT TeRmE Rm R v omm s OITATERT ATRITTET FEREeTRR T T T T RN T e T T Ty e e meeemem e s e e om0 .

“

o s T S
G

* 'Nr?ﬂ
- Df\“o
S O
L] 4
g
A i
.. . { _.I-
-J- |
|
) "

| L

!

4

i

|

f

|

!

- .|._-

14

vamey
-
mzﬁﬁa}w

. eue wiod . _»,i—... .
- — i ;
/
12
[N 7]

——

M= 2.96.

Figure 1bU.- Continued.

. 1 ¢ : ”.m.ml|. L \ \.m
; i M S L oqmo L — ) ~
L ) 0 5 VI S S ¢ Sy -
* * i i i U : __J85S=ee ; & : ; ! -
! ! : ? “ T e : . 1] - ' T ! .
_ ; S EIE 1% 5op ” “%” ! ! ' .
_ M “ i r- “<~ : i _ dunwlqp _ 4“ : H _ ¢
| i : I@.A_ ! i i : i
.0 .3 ‘ I' l hd bl o~ — =y - - - -~ = -~

Cn 2
Cn

118

Y

Cn e

o y2v s e LT

R R

B E



T R ETMR AR A ¢ A e e,

e

T

I e

o-+o--01-0t-o-Of—d g

s s Ly N .

Eiliptical

-| Ceontiguration

Spitch . dog

10

Co 2

(1) M = 3,95,

Figure 1L.- Continued.

119

ORIGINAL PAGE IS

" OF mR QUALITY

A




N
]

T
et s 2

Figure 1h.- Concluded.

10
0
10

Eillptical
Spiteh . deg

i
1
]
|_
I
]
{
i
.
'
Contiguration
Q
[e]
a
1
I
|
1
i
|
8 {
i




n

PASTRRR T e

————

H
.
*

A I W T T @ Y 3 gy g o vy -

T — gy Ay -

-}oeq1® JO 9TSuB UT UOTIBIIBA UJ}TM TIPOW UOTFIIS-SSOID
Tes19dITT® JO SOT3STI930RIBUD OTueufpose T[eld1BT UO squouodwod JO 393J3F - GI 9Im3Td

121

60 =H (®)

bap ‘D
21

¢t

AGE H

18
M
g

suotjeanbijuo)
1ea1ndiig

™AL P
ur Puurt QU

)
..

(

e i abr e p D e velmr e A e el

ALITH

f
1
!
|

!

¥



it 82

s panuUTIUO) —+¢T a1n31d

*L°0

bap ‘o

=N

(Q)

s ——— Ty

(A

S (O

“ Mg O
— e e — — IWA JRSUENUU, PEESSINPPS pu ST hm 4
me (]
- o | O
:ia*rmp 0 DTN RN ORI GO s S M S suoijeanbijuod
| | LEIRUITTE]
L

122

\



e Y

——— i

[eT TP

(e ol " LauamNao L agaie RANEL o " - e . e — s

spanuIuUo) —°GT SJInSTd
‘6°0 =W (9)

fap ‘o
8¢ X4 02 91 Al 8

img

19
md

: suojjesnbiyuo)
eandii3

on<ko

123

ORIGINAL PAGE B

QUALITY:

gl

A

POOR

0

vriw vy

LN

[y .



- P — = - s
v S T —t o —— g Ty =R = i e e ,: 4,“
- e — - —— 1 -y

) -psnuTquUO) -°GT dINITJd
' €T =W (P) |

bap ‘o
4 82 ve 02 91 A 8 v 0 v- nm. g
S 3 T ”” .”, - ’ - R - w

suoijeanbijuo)
leandiiil

124




Pl AL i B B i £ bk S

—r L - AT e — e ———————_

e PR RN et

Tt "F I.
‘psnuriuo) -°*¢1 2aInItd n
[4V]
09°T =KW (3)
bap ‘p
8¢ ve 0¢ 91 ¢l 8 1 0 v- wm.
z
..... 2°-

0 mm

=

<
‘‘‘‘‘ S
............... N .~U “R
&S
‘ Q&
[
v 38

suoljeanbijuo)
[LRETRUITE
— 9
~ et AR N o e e e S [P S SR N RV R . T o LB e et Eriiite IR . v Wit o K i, W Ml et | Bt 1. ATl SN .



.
2
.
——
.
b
o !
EX
;
o
.
4
{
;
"

B TSP

AP~ e G~ rpom .

Elliptical
Configurations

B
BW
BT
BWT

O
@]
I
o

126

M= 2.96.

(£)

Figure 15.- Continued.

i e At

P S T



1 <
o
!
3
” .
. .
!
- LY
: -
I3
i
.
- !
. i
;
ol !
. f
; ‘5 | i
" '
' {
, i A
[ 1
{
3
\

a,deg

Elliptical
Configurations

M= 3.95.

(g)

Figure 15.- Continued.

127

e e e i

e -

b At et




Elliptical
Configurations

128 '

IS . .

M = L4,.63.

(n)

Figure 15.- Concluded.

RETTIN

S

[P UORI IN

e s _ow

. s



A

B0 T

»

y

oz

)
1
L
¢
1
o ~
o
L™
s

- g
(=N NS S V- - R bomden § -
- t S |
[ - O O T OO i U
) ] 4 ? (] H 4 ] ] 10 12
(A ]

(a) M = 0.5.

Figure 16.- Effect of angle of attack on lateral aerodynamic
characteristics of elliptical cross-section body-wing-tail
configuration with variation in angle of sideslip.

ORIGINAL PAGE IS

ORIGINAT, PAGR 1S OF POOR QUALITY

OF POOR QUALITY

129

&y A ————




Figure 16.- Continued.

130

pa——



el

S e g ———" S p———— i ——— Y r————

- Se— < e S— v g 3y e v ¢ e Se ot pe e —————
_ —
[ 3
(=]
37 - o~ -] - - -
T T T T T T T - T
i [ i i . , ] = T
1 | -1 oo A . ; i T i ! L
i) : L ol i i ! . : | ; ]
! _ i ™ i H : “ T ! :
i Lol . ! 1 ! H t ! \ ;
[ ; R 0 NEEE ! ]
i . H . i H
RN : ; — ; - 1
| ! : i ! I . . 1 :
[N ST I 4 I | e e
K i : ' 1 H ) H
i : : | | ) ) A :
1 _ ! 1 :
e . : ! !
L I/ ABEE
t =T T
L K i 1 3

.

12

10

131

M = Ol9l
Figure 16.- Continued.

e R A S S e 5

L
- ~ < ~ ~ - ~ < ~
- - - . - - - o
0 T
[ >
o
Mo el e s,
- ey ] - A

TA Y

Tt
B

"

A



-
|
]
"
1
i
t
a
1
*
i
j
i
i
i
1
q
|
{
)
{

T o e A o ot
L
.
/
/
4
\
!
'
'
'
s
o

i

-~
¢ v ——c —ae

,. ; 3
2
o H S
; : o +
- n 3 n
* ¥ | - 3
; | i
A _ i
8 H 5 p
- n, M S
' ' i T \O
v - : -
i : —
= } o o
=

s

1.4
1.2 g
1.0

132

il



™~

toiudl

Rl o
T

T

v——

o P T T T T TR TR T o g © = e g~

133

OF POOR QUALITY

ORIGINAL PAGE 18

1.60.

.= Continued.

M

)

Figure 16

B et e A S



=

-

T

T T TR, C T g

—
-~ b
-~
———
- m——— e e~ 8

SN |

-
e e =y

_ - -
S SIS .
Amm1|llltllll+|||1llla
T TR - . i -
' : 4 .
i
N ) . : ;
: .
. e
L
N
L+
.
:
i
.
:
¥
3
bd
:
(32]
pa
?
! I
. .
.

PR R

2.00.

M

(f)

Figure 16.- Continued.

e B e

L et



T

C_C.H,

e TE - i g e

AE. . MmN

B

Y 4

CEE AN T

S— s Y

—~

[

e e}
4
M

R

PA
PAGE 19

\‘ —
I S T Lo \\\\“_ 1l
s _.{ - — . — - - - -
b
L e T T NN

e /ﬁ

Figure 16.~ Continued.

)

135

o

e cmeaa . e

ST PPN

C i s s At o




R AT Ll <« 0 T

o R e TR

-SSR VRS S

R EETE TN I

°

.

f
i - :
R SR G Y S
T f R .

v:..!lu“. ,,IUl.lu .

o~ o ~ - © =T

>

2,96.

M=z

(h)

Fipure 16.- Continued.

136

e i RS D

P A




137

OF POOR QUALITY

.~ Continued. OmeLL PAGE 18

| ——T " -
™
Do
T . A
I : X
fts = )

(1)

6 i e st WL o
M o bl ":‘|‘:!|§i{m”"' :

1.__
e
- . l | B P —-
i
|
Y N
L
Figure 16

T T S A e e L e T
’ ’ k L o
S

—on—* * Bk . °
ot - . - g ° B - : 5 . o, 7 & )
// Lo e - . 2 h o . B 25 : 00». - >
« R o *] . Yo ° . 2 o 2 W Wu./
. 3 E) - B s Lo ‘ 0 .

{
{
I
)
i
;
o
0'7
o
<
<
1))
v




R M

o~ —y YT T T g YRwwRIwT T T Th T T Tyt e vt s
T~
K
- | ] i
I M i T =
“ ”_ PR
L] N/
| ; : ny;. .
b HEN// :
. 1 : !
ol P | ‘
: ! w : 1
; ; ; :
: w : _
, “EEN
‘ : BEE 38
ﬁ e
4 . ”
! H NS
- w v = -

Y w— e i ] o |

M= ’4.63:

(3)

Figure 16.~ Concluded.
?

@
o
-

17

Qe -



o

R

b R r e T R TR T TR AT

N
2
— y
: 0 ¢y
| N o .
J XS
¢ = -4
T v r
N ===t ? L
o || = L “:L”
2 1A T
L. :+?’ i)y( S O T IO _{
AR AV | J.
s I |
.8 ! -]
-t i R S O O - . _llL
B ey s T

B, deg
(a) M= 0.5.

Figure 17.- Effect of angle of attack on lateral aerodynamic
characteristics of elliptical cross-section body-wing-tail
confipuration with angle of' sideslip.

139

ORIGINAL PAGE I8
OF POOR QUALITY

[E—— a : ‘
=

- At el e

——

A e e e




ST RRER SR T

COTETES b

R Ao i

v T

s

. W S—T— Ny =~ Yy Ty v w———r w3

0 ¢cy

-

M= 0.7

(b)

inued.

1mie

17.= Cont

ure

iy

¥

140

»




LG <A S oo

T

- Ay

B

W e

BT 2 PSR

UNY eyt

[P

S

e, Ep——-_es AR e

-

AR TI T e

ORIGINAL PAGE IS
OF POOR QUALITY

DOPOO

,
4

TTTTT T
e 1" {
. . : |
- JOVSS RO NS SO .-A.-|L A S -

) t
. N S 1
|
S { g -
w
.u..+_.. o i S B . .
) PR, ISP SO SR SRR SRR SO SURDUR S Uy ER. NI
0 ? 1 6 s 10 1

8. aeq

(e¢) M= 0.9.

Figure 17.- Continued.

Cn

141

2 A il




T v e ey r— ———

f S

m e RN

: Wi H \WW m e m :

147/ AR R R R

M ‘

; ) S :
T il |

TTERYY

i i ———r s e

R

= 1.3,

B. deg

(a)

Figure 17.- Continued.

142



e T yeTey s oo me ey

————

i
m
m .
m

- I
- A
A . ‘IJ_F
] ” A
—
! : ..\\

LA

Tha A TR ey

el W

Bolote, £ an

B, deg

M = 10600

Figure 17.- Continued.

143

ORIGINAL PAGE 1o

OF POOR QUALITY




H T . . N
! .
i H i 1 H . H ! . H
e . S e e g e oy ekt .
; : ] | . : IR
H [ | { : N -
i | .
_ b

I S F—e SR R S,

T — ;
; i ; Lo
- I'II.T .l..f\lm‘ .|L.||L”|.|.|'I».|'b —r .
F : i ' _
e _ — :
i RS SV SO SN PUNS FUVNL AN SIS
i T 1 :
! . | ;
T ¥ R H 4 :
SO S GRS .
i ; ;
i 1 j ]
' t
A

mmm e e e e g

Y 2 IO

VA " T P

- L + -1 -

; : : : le | i ;

: ; PN S O | PRI S

' ! I ond { .w :

i i i i ¢ . r

! X : ] ! . :

+ : B s e e e e - -
. ! | ! , i

Y T yw Y S o

M = 2.00.

(f)

Fipure 17.~ Continued.

144

W



-

J

Fy)

°. - ¥
. Do
] P W UV o
— ~ - - B
Py OV R YO
[y vo—— 2 S -

B, deg
(g) M= 2,50,

Figure 17.~ Continued.

ORIGINAL PAGE IS
* OF POOR QUALITY

- %

AR Rl

145

¥

N 4

f
k-

|

‘

N




vy o —— r— YT — o e P < ¢ T TS
- - a
- -
e
<
S
- o~ (=] ~ -
M , " . _ ~
: v : i i =
; e U S i = - .
H v H H H : ' - e =T T s
| | : : i
: : N } } . —e
] .....!...li.,.....w..L.i~ .,.....s.- il e e e ——
o . ; ;
P -1 ] ! ; - %q : -
-, i : i
: . !
| : 4 _ -
L . P . . : .
B N . N \-l,,
T ; : , —- .
H . B H - i f
S O N P S T & S SVRY USSR SR R ¢
| H . [/ {
i i ! ' “ \ 2m N
i . : : H . !
: i e e 4 — m SO ST U R
¥ . R
i i . 4 H T T b4 —
) : L 1/ S SO WU R <
43 1 g &
) ] ! ! i .
1 | / R
&NIF. —+ - - 4
] i ;

[

i d.

inue

ont

]
’

Fipgure 17.~ ¢

146



B N U e

147

12

—de -

Al PAGE I3
R QUALIT

-
b
e s

|
u
f
l
|

= i
|
|

i
:
]
i
|
+
da Ll
l

SLINN
ORIGIN

i

|

L.

!
mey
e

Y
(]
nued.

i
}
1
T
J
i

L n
i o +
' T - =
- ' ! ] ! o 2
H S TR L&
S S : — ; i S n
{ “ : . — = = |
Il v i s - = :
o a ¥ I : ~ m
_ T g F: H H -t v ’
bttt A $ SR B L - 3 :
H i d - w M
3. q : PR -t
i : - e :
N E i :
: i : I
R i1 : H 2
; T i H
1 1] | : i

e v

e e R e I Toegel M- B I sy e
‘ ‘ 7 LR H .
. . : >

a
(Sl
Lgme o
«
o

W il ) T



e et <cat e m -

e

e ————

| remeRe. eI ra eamar s e

R L oo — g
Gt i Setio A il il T . 2
-
l i
PN TTIR )  SINS VDR APTHRE UL T M 12 3y AP S S g Ll

.

' :

. ]

i

1

i

3

1

k ' 1

R 00 T I I O O ' |

3 s - 2 0 2 8 1 10 12 i
B, deg

(J) M= L.63. ?
Figure 17.- Concluded, t

148




Saf kel Xoud A

SR
P

.16

.08

.04

-1-. 08

P | H
e o remv—t —— o e e s - -
b

oo o
{

i
Elliptical
Cenfigurations | -

28

T

2

a,dey

stability parameters

fonal

Interal=diroe:

components on

ect of

Figure 18.~ Eff

149

ack.

anprtle of att

in

rialion

g

with

be)
—

i 2 :
[ o - 4
: <3 |
7. 2y .
< , 9 :
= um = |
= Z = m
o U 4, :
g mm,nr :
2 S3 i
— i
—~ N
el K
=
S 1




R o e e e i mat ]

s e~ - = w——w— T TT—r—T

RNt

ont. inved.

(
+

-

1

18

18

)

TP

1

4.

F

Elliptical
onfigurations|™

R LA e M ACAE N L2 i L
08

150

"



. o

P

PSRRI TR AT

o

Eliiptical
Configurations [

Figure 1%,« Continued.

ORIGINAL PAGE IS 151
OF POOR QUALITY

T IR RPRtpTp .y —1




—
i

i
0 {1HiH

i

iillis
A

HIHINS
i

Ll

HiT R R
il

Eflipticat

Contigurations

152

/S F R U T2 32 %

Figure 18.- Continued.

At L

e e e sl

nibeoicnc o KT kil el

e



P T rp— — v

153

36

32

[
8w
BT
BWT

Elliptical
Configurations| -~

o]
(v}
A
o

4

I
2

P\
H

i A
|
0

1
\
6

i
|
.

{
{
.—-«r—-.-
L
12 1
M= 1.60.

a,deg

| ]

O

]
(e)

Figure 18.- Continued.

: W i -
o e : |
i . ! ‘
T = - 24
t A H : ] E
1 . m 1 m
- -
' jan
& £3
i} S
: | . &>
g ! , o a L
. 1 : . ~ b ;
g s = s &8 = = T 3 = = = g% £
5 s
T . PRCEEPNR ~ -4 PSR - ~n L
2 e |
J
' " 4
[ - q‘. - _ﬂ [ - aﬂ m > - R ?,xa " - J ) o 5
— o e oo T




e o ry e r—rr———— e e = e

32

Elliptical
Configurations|

d

Py
) (RN
20

KO
6

00.
inue

t
] __4;___.._
A P
-
o
|
-
1
2.

o i i -
! i ~e 1
: : . . 1 -
e 1 m S = .
+ ——t e ———— e e — . & = -
W TR =
d - T
: . QL y
i | ~ & L
e = + - — = "
Fo : ! 0
H : H [M‘ F
-+ - —
: M w <
w B
= .w T
: ‘ p
- i
: ‘ K
“ -‘
! |
i ~ . w
° -7 o
. -0 ot n~ nu

54

1

i
]
:
- - — — e ° : 3
. . : P . O L gy
. B e e - B LRI A e e B 27y © e
. _ , - | . ~ ; !
S N
I . { 5 s . ’ 5 a \
2 3 o o A =
o9 > > N AN >4 =




i

[

L
o
n
o
°
<

N AT mw v

N ravEr ¢ ey w e

B

il

r!l'. i

f

Ellipticat

Configurations -

it
g
e

i

0 Y 12 16 20 24 2 32

a,deg
(g) M= 2,50,

Figure 18.- Continued.

ORIGINAL PAGE IS
OF POOR QUALIZY]

155

_ . e st

e e e .




EE———

Eftiptical
Configurations

]
1

...... _o‘-’.zo:'-‘b v ‘A p I.

ek N - L :
s ¥ -8 -4 4 ] 12 16 20 24 28 32
o, deg
(h) M= 2.96.
Figure 18.- Coutinued,
156
‘ -

36

e et name e ihe i ki o e

n . A e . e 51 . e
. e e b AR kR b ¢ deitm




1
4
~

S

=gt A

—

A e L

s
bty 'i“i!;ii ’m ffl:u !

WL

A
'~;;-, Bt it

!i i ii!;;} i

Elliptical
Configurations

.04

-.08

S -.08

12 16 20
a,deg

(1) M= 3.95.

Figure 18.- Continued.

ORIGINAL PAGE B
OF POOR QU

'y

28 32 36

157

- ot ot e

e . b e



Hi

T e

-.04

Elliptical |
Configurations

.04

&

- -.08
0 - e f NS SR W S S S
_ — L P ol 7 I O (R e e (A U .
SO Y R S - e S R : —
Lol ! BT I I i o e, e
S B et L ] [ o (O I I e 0 = e
Crp -, 08 feafual : - _ . : :
12 -

2 -8 ] 0 : N 126 20 24 28 32 3
a,deg

(J) M= 4,63,

Figure 18.~ Concluded.

158

T

BT P T T T LT e 2 . v

cadndiaiiiten

PO



¢

Rl

Wy

e T
R

1.0

Elliptical
Configurations

Ororr . deg

Cn
-2
2k
Cy 0
..2 ] RV T i;'.'.':, i R I L i
-8 8 12 20 24 28 32
a,deg
(u) M= 0,5,
Figure 19.- Roll-control effectiveness or elliptical cross-section body-wing-
tail confipuration with variation in angle of attack.
»?’g‘xﬁ‘?‘
159
Rt
of
A | .
-~ :
¢ e e




O UUURY - VP S

160

R

Elliptical {7 .ol i
Configurations

broil . deg
0 0
a 10

a,deg
(L) M= 0.7,

Firure 19,- Continued.

A = et . :

32




LD e

————

Bal A Seebmd i e e s § et

X

Elliptical

1.0

at T LR

oo
i B

.deg

.= Continued.

Figure 19

161

[T,

-



A

Rahaih b tecatmuct SN

e R e W A e

Eltiptical

Configurations | - fou

Oroly . deg
0
10

162

8 12 16 20 24

Figure 19.- Continued.

. Sa ama ek s ok kil s oo Aban ¢ s cais

[ VI SR




;
.

i
N
v
1.
'
|
3
Qv

1.0

A Enniptical

CoanuraHons:'

Oroll . deg

0

10

o N B

a,deg

(e) M =1.60.

Figure 19.- Continued.

RIGINAL PAGE I8
OF POOR QUALITY!

-4 0 2 8 12 16 20 24

163

e

i,

=



Co
i
!
13
i
F
I
t
1.
i
8
o
G i
i
©
N

Elllptical
Configurations

rotl . deg

24 ‘;‘MH“,“dt

164

a,deg
(r) d=2.00.

Fipure 19.~ Continuod.

8 12 16 20 24 28

32

[ALY




1.o,.

Elliptical | f“[ e
Configurations| . .|l...[ -

Srorf . deg |- - e '

12 16 20 24 '

(g) M= 2,50,

Figure 19,- Continued,

ORIGINAL PAGE IS
OF POOR QUALITY,

165

ENE TSN CU DV U

ki el et ma s

e e nn a s




166

4 Elliptical Lo
-+ Configurations | j -

Oroli ,deg

‘j‘ ' O 0 ‘ A__“_____;__ o .
o 10 TRk

LAkt

L — 0 4 8 12 16 20 24 28
a,deg

(h) M= 2.96,

Figure 19.- Continued.

B 7 T, vt Wae e v O e o e “ s -

PR P




L S

-
o
o
o
v
. 4
|
k)
vy
"
{
Y
|
N
|

) Q) J—
i Elfipticat
Confiqurations
brotl . deg
L8 el O 0

ORIGINAL PAGE IS
OF POOR QUALITY

[N

12
a,deg

(i) M = 3,05,

Figure 19, contirued,

32

167

Lanaiai ot




4 i ;
: H !
A i ;

i i i
:

a,deg

Figure 19.- Concluded.

Elliptical
Configurations |

@)
O

Oroll . deg
0
10

SIS S S

Y
168

' . . -
e— —m
e
.. UL — —
. . g RV - - —_ -~ > R ~
: - S AU S R g e g e L T L T T el G
& A . : ,w M \,. -y : v SR N ” : o




B

&
o

[

P

Etliptical
{ Configurations

by,w,deg !
0 ,,,,,,,,,,, x
10 P
e At .4

.2

.2 0
0 -2

-2

PR N e

<. 4

~ 0

-8 : . . SO R VPSS O R S LAl
-8 -4 0 4 8 12 . 16 20 24 28 3?2

a,deg

(a) M =1.60,

Figure 20.- Yaw-control effectiveness ¢ elliptical cross-~

section bady-
wing-tail configuration with variation in angle of

attack,

16
ORIGINAL PAGE IS ’

OF POOR QUALITY,

[PPSR S ¥ SR PP U U

—— e

|
|
|




“‘.i‘F A "T‘-“.“W:'“,j'“— ‘-ﬁﬂi ;

- S

F 170

@]
(W]

Elliptical
Configurations
by.w.deg

0

10

0o 48 12 16 20 24 28 32

a,deg

(b) M = 2.00.

Figure 20.~ Continued.




—_——

Ettipti R
Configurationsf.. .

byaw. deg
O 0
a 10

0 for et

ORIGINAL PAGE IS
OE PQUR QUALITY

a,deg

(C) M = ;?.50.

Figrure 20.~ Continued.

20

P o L .
b
3
e L. L ..

28

171

A hmisin ok s ot A | e 20 ha A



s eie

T T T e Ty

[
4

0
-2

12
a,deg

M= 2,96.

°0, - Continued.

r
s

8
(d)

Figure

Byaw de9
0
10

Elliptical

Configurations

o
]

N
o~
-—

I e e aayams et

o



- L = T T amweee T Tt T
e N e o ST g

—
= {
: \_
I
|
¢
)
!
'
{
i
L
i
I -
.

e e e e

S
i
¢

I

Elliptical
Configurations
by,w,deg

10 1

U S

e e e ot

|
7
{.
’ i 1
. 1
!
L ;
; 12 : : i i
,
a, deg 32 j
' (e) M= 3,95, ‘

Figure 20.- Continued. |

\ 173 1

'y . ‘
\ ! ..
\
3 K
. - N - e e — o [ -
~iy . - .
- —
. B L u
v 9]
19 [¥]




174

Etliptical
Configurations
byaw, aeq
O 0
a 10

BT

a, deg

M=

e 20 24 28

NI

Figure 20.- Concluded,

oA e T e

32

Mot

seums

g graaw—



*squomouw Futryoqrd Jo uostaedwo) -°ig IINITJ
*sqdsouod STISSTW (Q) *sa1pog (®)
bap ‘D bap ‘D
: A3 e 91 8 0 8 ¢ /74 91 8 0 8-
r 1 1 1 ] r 1 T ] T V-
| jeondiya  ~—--
2 Jenay) —— /7
m
|
w .
)
: -t
W
3 i}
|
|
‘ - -

175

ORICINAL PAGE IS
OF POUR QUALITY

e e e vy



6.0r
i (a) Bodies.

5.0}

C

N, elliptical
C .

4.0

N, circular

3.0

1.5 a=28

Figure 22.- Relative normal-force development.

176

CN, elliptical (b) Missile corEchi_

Cai rivent -——

N, circular 1.0} | | ' [ | o | ¥
0 1.0 2.0 " 3.0 4.0 5.0




e - ¥ TR — = T o s 0w T T ormmmTTTTee e T T

“Yoe33le JO ITJUB OI9Z 9B SQUITOTJJII0D 9910J-TBIX® JO UOSTIBdWO) -°£z SInJTq

177

*3uJ0,"
uJZo T2IXe SS0Ip) (q) ‘sdanssaad asBq J0J pagsnlpy (®)

w

L) L) o, » * g\
0 NM a_v c_m c_N c_~ 0 c“m . o_.e c_.m c_.m 0’1 0
4 v ¥ — v
oy _ ,_
Em : mm
k. ‘ G.M . ;.
- . > ~ =5 |
1 . U “ [ 1. =
v \A\ Nl mwwm W; " -
ot ~: N nOn W | :
i S ] .
VA . \ 1¢ m w
12)0)°'Y ///, . w L
: . 9 // |
\ P // H¢ N
| i
"
1. I8
d¢ AM
I e . o V. o PR I\W,w. T N -
: . | / o 17 i



*SUOTANQTALSIP BAJIR UNTRIBS-SSOID ju uergeduc) --+g 24ndy

P

yibua| Apoq Juadiay S
001 06 08 0/ 09 0s ov 0¢ 0 01 0

I v 1 { T T T T ; T

S

o0

P
ea.Je uo01}38s-ss04)

L
o
178




W ST VTGS T T YT T TR T e e vt

(o))
pant
- [oABIY aaussazd-Jo-aa3uad JO uosTIeduo) -°4¢2 SIN3TJ
‘502 PUR 0 U33M43q YDBIIE JO aT8uy () -joe33e Jo I[Jue oI3Z (®)
W
0 0% 0y 0'¢ 0¢ 01 0
L ] Ll i i
o 08
! ]
8 T .
i 33 e
g2 . A (U
m g — 7 / =
3§ (=5
w 3 —— 09 <
{ S m
| E S 2
w
_ -0¢ 2 4o «
| < B @
(12 = ~ et
- (] F
o 2 EE
— = - =2
= : 7
L —o— & < %
= . &3
o — doc S Tk
' e I=3 o A
4 = <~
/
4
/ Joz *
' . 4 ._
Tt T SRS VS TU MU S D SR
5 ; P




Bikoaan . on ¥ Yo

Maximum untrimmed lift-drag ratio

180

Figure 26.- Comparison of maximum iift-drag ratios.

e M b M M o o« a « Ak ot s adamn an

|
|
|
{




*sxaqaureasd £3T7IqRlS TRBUOTIO3IIP-TBISQRT JO uosTIedwo) —¢)z2 aIndTg

*satpog (®)

bap ‘D bap ‘D
/74 91 8 0 8- A3 /A 91 P 8

e e e

181

D T I N A T e R

j"';

R

AL PAGE 13
QUALITY

ORIGIN
OF POO

Y Grem e



|

[L"e

*pPIPNTOUO) -° )2 29INIT4

*$3d90u0d JTTISSIN (Q)

¢t ve 91 8 0 8- [A1 v 91 8 0 8-

i

7 N 1¢l-

2

o
@©
-
3 ° ’
. . — — e
; e e v - T T
5 ’ . ° ’ 5% uaﬂ 3 { M oo e . > * ,
s “ s = a P ﬂ_w ° \w 0¥ 0 ,,.\ - ° ,,o
i i o 5 A

o

5]

; T -

)




3 - —_
*gsaaqawered A3TTIQqR31S TBUOTIO3JITP pus Teurpnaiduol Jo uostaedwo) --gQe @InItd
W W
q v € A I 0 q 14 ¢ 4 I 0 ¢
— T T T T ¢ - r ; T 1 Y
' =
= 7 N
- N.l m \\\ R 42
o P
=} -~
=8 -
i Ac' m.u \\\\ | AHO
o
< —_—
o e « 10 S T~ 10
= ™. \ 3 /
If/ ~ / m / . .
/ \ | .m - / / / ~ 41-
N L .
.gu /
\ ./
12 X 42-
c—= {e-
& —— )
<SS e /
o — Iy
PP PRI . i - a - *

mo 'Jajwesed A)|1geys jeulpnyibuon

‘D

183




Surface angle,
deg

I . . ——— = 1.4
i 1N
2 B —— =€ 1Uv
C i
. ‘;!T AJn 1.0 —
E N ] ) ] N ! . ! L i
d:; 0 1.0 2.0 3.0 400 5.0 il
1 M
’J: Figure 29.- Comparison of moment control parameters. |
- :
|
| i
184 |
J i
|
‘ {
o \i . 1
& ‘.
i R
- i t ] )
l IR et R R . o — ——— s i X R




orrTTEeTY o T T TR NN O e T e TR T T RERTER T T T e T T T T T T ey s e e e o 2w

{
> 4
1. Report No. 2. Government Accession No. 3. Reupent s Catalog No.
E:r\\:":‘\ J x-'|)001
4. Titl2 and Subtitie 5. Report Date
AERODYNAMTO CHARACTERIOTICS oF A MOLGTLAUAR MilcTik Do YOY
COUCEPT WITH RODIED OF CTRCULAR AND FLLITTLICAL 6 Perturming Organization Code
CROSS SECTTONS
7. Author(s) 8 Perfurming Organization Report No { 1
[P L IR
Brnald B. Graves s s
10 Work Unit No 1
9. Performing Organization Name and Address I DT |
NASA Langle search Center 11 Contract or Grant No
gLey
Hampton, VA 21665 i
13. Type of Report and Penod Covered
12. Sponsoring Agency Name and Address Tecennlong e oeanium
National Aeronautic:*i and fpace Atministration 14 Sponsoring Agency Code 1
Washington, DC 20540
15. Supplementary Notes
16. Abstract i
An investigation has been conaucted Lo compiare the erperimen ol gercidvnanio
characteristics of a low=drag missile concept with u b o0 cireaiar or o
section to one with a body o 3:1 eiliptical cross secti n, the taiics having J
identical cross-section areua distributicns. The concepts wore o0 bt wins
esign with constant wing span. Tall surfaces were oontod Chhcn at Lhe by s
N . « . . 'RE] . . .
tase with $30° dihedral. Wind-tunnei tests were pertormes ot Mach embers
from 0.5 to 4,63 and at ancsles of attack o oab R . '
i
|
i :
\
- i
17 Key Words (Suggested by Author(s)) 18 Drtnibution Statement i
1
Sewes avnamie charaetoriotion L T T I S R I K Y ;
Mieaiies !
Vo pinnar o missiie |
Pridetiend by . , ]
19 Sewmv Classif. (of this report) 20 Secutity Classit {of this page) 21 No ot Puges 1 22 Prce’ i
IETTEERITEE I T Voo Ciea s I .
| -
‘For sale by the Natronal Techmical nforsation Seivice Springheld Vo nnnsy 2216] :
{
—— {




