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SUMMARY

An investigation has been conducted to determine the static stability
and control characteristics of a cruciform missile configuration with delta
wings and aft tail fin controls. The tests were conducted in the Langley
Unitary Plan wind tunnel at Mach numbers from 1.60 to 4.83 through an angle-
of-attack range of -4° to 30°. Model roll orientation was varied from 0°

o 13500

The results indicated good longitudinal stability and control characteris-
tics throughout the test Mach number range. Relatively high induced rolling
and yawing moments were apparent at asymmetric model roll angles for the lower
test Mach numbers; however, sufficient roll and yaw control was available to
trim to relatively high angles of attack and lift coefficients.

INTRODUCTION

In support of the development of highly maneuverable air-to-air and
surface-to-air missiles, the National Aeronautics and Space Administration
has performed wind-tunnel tests to determine the stability and control charac-
teristics of a cruciform missile configuration with delta wings and aft tail
fin controls. Other missile configurations which add to the data base for
maneuverable missiles are presented in references 1 to 29.

The investigation was performed in the Langley Unitary Plan wind tunnel
at Mach numbers of 1.60, 2.10, 2.50, 2.86, 3.95, and 4.63. Static aerodynamic
characteristics were determined at a nominal angle-of-attack range from -4°
to 30° at model roll orientations of 0° to 135°9. The test Reynolds number was
9.84 x 106 per meter.

SYMBOLS

The aerodynamic-coefficient data are referred to the body-axis system
except for lift and drag, which are referred to the stability-axis system. The
moment reference was located at 56 percent of the body length aft of the nose.

Model dimensions are given in SI Units with U.S. Customary Units in parentheses.
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Drag , El

drag coefficient,
aa i

base-cavity drag coefficient

kg

drag coefficient at o = 0°

Lift
lift coefficient, ——

qA
trimmed lift coefficient (Cp = 0)

Rolling moment
qAd

rolling-moment coefficient,

Pitching moment
qAl

pitching-moment coefficient,

pitching-moment coefficient per degree control deflection (a = 0°)

Normal force

qA

normal-force coefficient,

Yawing moment
qAd

yawing-moment coefficient,

Side force
qA

side~force coefficient,

reference body diameter, 7.62 cm (3.00 in.)
body length, 91.44 cm (36.00 in.)
free-stream Mach number

free-stream dynamic pressure, Pa

radius of model nose, 2.54 cm (1.00 in.)

longitudinal location of aerodynamic center referenced to body length




_ longitudinal location of center of gravity referenced to body length

Qa angle of attack, deg

I wing tab deflection angle, deg
5pitch pitch-control deflection (negative, leading edge down), deg

Sroll roll-control deflection (positive to provide a clockwise rotation
as viewed from rear), deg

Gyaw yaw-control deflection (negative, leading edge left as viewed from
above), deg
) model roll angle (positive clockwise when viewed from rear; symmetrical

configuration "+" equals 0° with wing tab on bottom), deg

Model components:

B body with protuberances
Bo body without protuberances
T tail

W wing

APPARATUS AND TESTS
Tunnel

The investigation was conducted in both the high and low Mach number test
sections of the Langley Unitary Plan wind tunnel. This is a continuous-flow,
variable-pressure facility with two test sections, each 1.22 m by 1.22 m in
cross section and 2.13 m in length. The nozzles leading to the test sections
are of the asymmetric sliding-block type, which permits continuous variation
in Mach number from 1.47 to 2.86 in test section 1 and from 2.29 to 4.63 in
test section 2.

Model

The test configuration was a cruciform missile with delta wings and aft
tail fin controls. Dimensional details of the model are presented in figure 1,
and a photograph of the model mounted in the test section is shown in figure 2.
The model fuselage is a 7.62-cm-diameter cylinder with a hemispherical nose hav-
ing a 2.54-cm radius. Attached to the fuselage are cruciform delta-planform
wings and clipped-delta-planform tail fins mounted in line with the wings. The
wings and tail fin controls have circular-arc cross sections with thickness-to-
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chord ratios of 0.045 and 0.06, respectively. Wing 3 (fig. 1) is provided with
an aileron-type trim tab. The model also had eight removable protuberances on
the fuselage which simulated various equipment ducts.

Test Conditions

The tests were performed at Mach numbers of 1.60, 2.10, 2.50, 2.86, 3.95,
and 4.63 at a Reynolds number of 9.84 x 108 per meter. A stagnation tempera-
ture of 339 K was maintained for Mach numbers from 1.60 to 2.86, and 353 K was
maintained for Mach numbers of 3.95 and 4.63. The dew point was maintained at
a level sufficiently low to assure negligible condensation effects. Angles of
attack were varied from approximately -4° to 30° at model roll orientations
from 0° to 1359, Transition strips were placed 1.02 cm aft of the leading edge
on the wing and tail surfaces and 3.05 cm aft of the nose. The transition
strips were composed of No. 50 sand (0.032 cm in diameter) for Mach numbers of
1.60 to 2.86 and No. 40 sand (0.046 cm in diameter) for the higher Mach numbers.

Measurements and Corrections

Aerodynamic forces and moments on the model were measured by means of a
six-component, electrical strain-gage balance which was internally mounted near
the moment reference center of the model. The balance was attached to a sting
which, in turn, was rigidly fastened to the tunnel model-support system. Model
base-cavity pressure was measured with two static-pressure tubes extending into
the balance cavity.

The results have been adjusted to free-stream static pressure acting over
the model base. Angles of attack have been corrected for deflections of the
balance and sting due to aerodynamic loads and for tunnel airflow angularity.

PRESENTATION OF RESULTS

The results are presented in the following figures:

Figure
Variation of base-cavity axial-force and drag coefficients with
angle of attack; BTW configuration « « ¢« & & s+ ¢ &« % o &« &

S G 3

Effect of pitch-control deflections on longitudinal aerodynamic

characteristics; ¢ = 0°, BTW configuration . ¢« « ¢ ¢« ¢« ¢ ¢ « « « s &« =« 4
Effect of pitch-control deflections on longitudinal aerodynamic
characteristics; - = 459, BIW cONZIQUEALION '« s ¢ & 6 « % &4 % & & & & s 5

Variation of trimmed lift coefficient with center-of-gravity
1ocations BIW cONFIGULALION - v w6 v wis %8 & & 8- % 5 8 & & & 4.4 & @ 6

Variation of longitudinal parameters with Mach number; BTW
CORELGUEBRION : & o s & s buw & 8 8. % 5% & 8 5 .8 6.8 8,8 4 & & % % &
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Figure
Effect of component parts on the longitudinal aerodynamic
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Effect of component parts on the longitudinal aerodynamic
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Effect of model roll orientation on longitudinal and lateral
aerodynamic characteristics; BTW configuration . . . . «+ ¢« ¢« &+ ¢« « « « « 10

Effect of pitch-control deflections at various roll orientations;
s Jh o Vel oo b g Bobo)t i R P e EPOE LR e S e i N e e TSR s

Effect of roll-control deflections on lateral characteristics with
four fins deflected 10°9; ¢ = 459, BTW configuration . . , « ¢« « s « « « 12

Effect of yaw-control deflections on lateral characteristics with
four fins deflected 10°; ¢ = 45°, BTW configuration . . . . . . . . . . 13

Effect of wing-tab deflections on lateral characteristics;
$ = 459, BTW configuration, control tabonwing 3 only . « « «. « « . « « 14

RESULTS AND DISCUSSION
Longitudinal Characteristics

Longitudinal stability and control characteristics are presented in fig-
ures 4 and 5 for ¢ = 09 and ¢ = 459, respectively, and are summarized in
figures 6 and 7.

The vehicle has relatively linear pitching-moment curves (figs. 4 and 5).
However, a slight pitch-up tendency is noted at ¢ = 45° at the lower Mach num-
bers. This tendency results in an effective reduction in stability level of
about 5 percent body length at angles of attack above 15° (fig. 5) when com-
pared with the ¢ = 0° configuration (fig. 4). The lift-curve slope CL“
generally shows an increase with increase in angle of attack.

The aft tail fins provide effective pitch control throughout the Mach num-
ber and angle-of-attack test ranges (figs. 4 and 5). At the higher Mach num-
bers, the pitch-control effectiveness CmG increases with increase in angle

of attack; the control effectiveness, therefore, remains nearly constant with
increase in Mach number at high angles of attack. (Note the large reduction
in CmS with increase in Mach number at a = 0° as presented in fig. 7.)

C

The characteristic reduction in 1ift and increase in drag with negative con-
trol deflection are apparent in figures 4 and 5. Pitch control is approxi=-
mately 40 percent more effective at ¢ = 459 than at & = 09, since four fins
are deflected instead of two. Lift characteristics for the model at ¢ = 0°
and ¢ = 45° are similar.
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Variations of trimmed lift coefficient with center-of-gravity location are
presented in figure 6. This figure shows the maximum lift coefficients obtain-
able with the indicated pitch-control deflections at various center-of-gravity
locations. Thus, the aerodynamic potential for maneuverability (instantaneous
normal acceleration) of this configuration can be compared with other configura-
tions on the basis of lift available divided by lift required for the missile
to maintain level flight.

The variation at a = 0° of longitudinal aerodynamic parameters with Mach
number is presented in figure 7. A reduction in pitch-control effectiveness
with increase in Mach number is apparent for both ¢ = 0° and ¢ = 45°. The
aerodynamic center remains nearly constant at 60 to 61 percent body length for
the test Mach number range of 1.60 to 4.63. The blunt hemispherical nose con-
tributes to a relatively high CD,o throughout the Mach number test range.

The effects of component parts on the longitudinal aerodynamic characteris-
tics at ® = 0° and ¢ = 45° are presented in figures 8 and 9, respectively.
Addition of the protuberances in the form of equipment ducts and various fair-
ings produces a zero-lift drag increase of about 5 percent and a noticeable
reduction in stability for the wing-body-tail configuration.

Lateral Characteristics

Effects of model roll orientation ¢ at angles varying from 0° to 135°
are presented in figure 10. The asymmetric roll angles of 14.0°, 26.5°,
and 67.5° produce large induced rolling and yawing moments starting at angles
of attack below 10° at M = 1.60. These effects are delayed to higher angles
of attack and are less pronounced as Mach number is increased. Figure 11 shows
the effect of pitch controls at various model roll orientations (for controls
deflected to provide a moment in the same plane as the model pitch plane). It
is apparent when comparing figures 10 and 11, that pitch deflections have little
effect on the induced rolling and yawing moments.

Figures 12 and 13 show the roll and yaw control power available to nul-
lify the induced rolling and yawing moments. The tail fins as controls are
very effective in providing roll and yaw control. It appears that this missile
configuration can trim to relatively high angles of attack and lift coefficients
at all model roll orientations. However, no attempt was made to run a suffi-
cient data matrix at combined controls to establish the control boundaries.

The effects of a trim tab located on wing 3 are shown in figure 14,

CONCLUDING REMARKS

An investigation has been conducted to determine the static stability
and control characteristics of a cruciform missile configuration with delta
wings and aft tail fin controls. The tests were conducted in the Langley
Unitary Plan wind tunnel at Mach numbers from 1.60 to 4.63 through an angle-
of-attack range of -4°© to 30°. Model roll orientation was varied from 0°©
to 1359,
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The results indicated that the vehicle had relatively linear pitching-
moment curves and only a l1-percent aerodynamic-center variation throughout the
Mach number test range. Pitch controls were effective at all test conditions
and were capable of providing high trimmed-lift coefficients. Relatively high
induced rolling and yawing moments were apparent at asymmetric model roll angles
at low Mach numbers; however, sufficient roll and yaw control was available to
nullify these moments at relatively high angles of attack.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

November 2, 1979
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Figure 2.« Model in wind tunnel.
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(e) M = 3.95.

Figure 4.- Continued.
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' |

it

i

aRas
| i

Wi

i ""l} F!::‘K: . lii!

AT 7 2 A Y e T g Y

R R e gt

(f) Concluded.

pE———

Figure 4.- Concluded.

——

e~




S 4 A D O e RN -

' P ——
P
1
:
3
(i siin
i
!
1
¢
L™
1! il
f i
it
28
i
21
- 2.0
e
i i e o
1.2
il
1 Wit i
- L)
I
Spiten, dey
4 Q 0 X
. { 10 i
o 20
Q W
iy L
il
i
3
L
4
!
1
N
0
: ?
B
& P
il
3 ‘\.,." LI
3 o : Y | 18 o 1 s i T
o den
‘ol

(a) M = 1.60.

characteristics; ¢ = 459, BTW configuration.

P S Y N

Figure 5.- Effect of pitch-control deflections on longitudinal aerodynamic




i\ RN 5 B SR i 3 e iy e o TN
'A-fl" .
3 %
2.4
7 . 2.0 !
1.6 :
i i ‘
1.2
B § Cm :
.8
.4
0
l"
4 b |
:‘4
: Bpiten. 089 ?;
1 fo) 0 o
2 4
O -3 ‘z
3
E
;
g
. | ;I
3 | B |
; t |
; ¢ Ty
A - .
3 | S
| |
_ 1§
z- €
4 |
4 2
i
(a) Concluded.
3 X Figure 5.- Continued.
27
; v
% #

e s

ETPEIE I e




pitch-9¢9

o

(b) M = 2.10.

Figure 5.- Continued.

e

T R T

1
*
3
L
-

o i

REYS

gkl Y




S ——

T AT i Sy 8 VP A b

S A

LTI R A b At < e b

IS S R

A

'
)
il
I | i
ol I L i
‘l

(b) Concluded.

Figure 5.- Continued.

R e o a—

——

AL I

e i

L7

i
q
1



1]
| L T L o T e e T—
:‘ - I i acmy 4w - . e 3 e D o
: i
E i
! "
|
i \
. }
1
- Qs I‘
}
0
v' 4
1
8
I
[
'.
i
|
s
i
! [
3 (il
B I |
!r~ 5
pe
4
i :
0
1 A A
P 0
] o A
|
L]
0 i
f ( X
]
“afu L
i i 'r' N
L
y 0 ! 8 v:” Mu 0 2 ) 13 L}
- :l \ '
3 |
; () M = 2.50. '3
| ﬂ: 3
Figure 5.- Continued. F-
30 2
’ ; »\ Y
|




S A AP O RSN T S 1 T W A 0 W R Ay e S ‘—.‘f_&"’:‘Wﬁ"‘-’“ﬁmﬁ

E I A ST L A A IS g SRR g

T

; b
E | 3 |
E | | |

§ | |
3 ; $ {
B 3

i

E } i
- £ %

: :
i +
I

F %

i g

i." «

: dey
E. 3

|2

#
g ;
, s‘ !
s 2 -
E B

g

%i
E B b

g 2

4 }
v ) l

" \' iR
* 1 )
il
P &
: e
0-4 H ¢ ? 4 L) ] 10 14 " 18

o e

(c) Concluded.

- Figure 5.- Continued. !




S R

-

i :.W! i “'i?
A it i il
AL A

i
it
e
4 L] 2 e b\l

o dey

e

(d) M = 2.86.

Figure 5.- Continued.

e e A

it

e,

& 2t AN

;
:é
i
;




et T e

e T

VR N T T

o :‘-, il
U

(d) Concluded.

Figure 5.- Continued.




i

(e) M = 3.95.

Figure 5.- Continued.




T o b BT N A e

AR

(e) Concluded.

Figure 5.~ Continued.




R S . TR S A5 A

Ot o

| i |
|
i
A
i
i
3 T s
0 A
3
8
I
j ¢ "

-

LR i
r‘,n}! }

b A1 §
, TR

S8 ) o 1 s 12 18 W0 1 (R ; ) 3 s

I AR " LM < T A SR Ly ety AR RN

(f) M = 4.63.

Figure 5.- Continued.




B e

e T

{
i
g
¢
‘

e e

(£) Concluded.

S R i A I TP RN 2 W TR

Figure 5.- Concluded.




SR——

i, _aas b S L

Figure 6.- Variation of trimmed lift coefficient with center-of-gravity
location; BTW configuration.




o B

L, trim
(® = 45°)

L, trim
(0 =0°%)

o2

O

ng
=

B
e

(by M = 2.10.

SE

Figure 6.~ Continued.




ST

T

TR 0 ™ 3 e i T

e

L. trim
-
(®=0)

.44 .46 .48 .50 .52 .54 .56 .58 .60

X
€9
—

(c) M = 2.50.

Figure 6.~ Continued.

.62

L, trim
o
(0 = 45)

nd il gy

o,

i

S R 4555




o NI iy

o O g

L, trim
o
(o = a5 )

ol S L S5

v cWesl)

: i
4 e
.:‘ ¥ ‘.v
B
‘ |
|
(d) M = 2.86.

Figure 6.- Continued.




a
1 -
E
3
r
S teim
© = 45" ‘
H
-
#
» .
v
2
! o
‘ 3
|
s 9
§ |
3 i
5.
- !
, |
cl,lrlm |
y :
=0) |
& ‘
it i
it R 3
” ixl‘; (IR 3 |
7
_5! {
b

() M = 3.95.

Figure 6.- Continued.




| Rl

| . i i o RGO SR — N ——

43

°
(@ =45 )

63

M=4

)

f

(

Figure 6.- Concluded.

&

£,




A o < PP RIS

*uo13eINBTIUCO MIg
{13qunu yoeW Y3Im sis3awered JPUIPN3TBUOT JO uOIjRIIRA -

*L 2Inb13

s P

bap*

¢

B o il

A4




g N AU P21 AR A G A ] . o B AT

o

T S

!
%

|

Kt}
W

i

X .%}1 ]

it
B R

i e i

i
&". i
i hl’,‘ i il

i

v

YT g —

!

p i
g . | e |
3 -_t! X s 2 i } " ‘.
a0 dey b } B

}

(a) M = 1.60. | k-

_ Figure 8.~ Effect of component parts on the longitudinal aerodynamic !
: characteristics at ¢ = 0°.

3 45 3




e A} S G T A I, e

= -

b P A ) S

.y;, T

i) (i
I .,x:«lw‘.

Il’l

(a) Concluded.

Figure 8.- Continued.




e AT S P

S SN T 2 e

(B) M = 2,10,

Figure 8.- Continued.

5 N e U Y 3% 7 H TR w5 v




-

T

D A R e O A e R S A UL T

Configuration

o Bradnns gk s RS HT T GO ) 800 ST,

o

RS o T ey se—p

S

PRI Y P U SRR N APCY O =

ey

iR AR U

(b) Concluded
Figure 8.- Continued.

48




N O R 2103 3 (1 N ) e

D

i ta

{ i
,
i

w—

o ——._

e

& T

o

Contiguration

o, de3

() M= 2,50,

Figure 8.- Continued.

49

1
A
3
R
ward
o
R
oL
£
L
s
R\
8L
<%
B
g
i
3
5
N
~
‘
o
5
o




B oL

o B RN A A SRR R S b

el R AT

T T L

i

(c) Concluded.

Figure 8.- Continued.




S et

S A s S

wig b b 4t

i

(d) M = 2.86.

Figure 8.- Continued.




T s Mg R RN RIS

e

LGRS DAL NN

(d) Concluded.

Figure 8.- Concluded.




Cantlguraling

niw
BolW
wa
w

et A Sl A AL ok -

(a) M = 1.60.

Figure 9.~ Eftect of component parts on the longitudinal aerodynamic
characteristics at § = 459,




J f
g |.5| :
e B | I
k3 9 B
¢ 3 ! 1
r s | ! s
i Al i
1Y
0
. "
| i
| i A
. ! Contiguration ”il
i BIW f
' Y
|
|
| {
f. Jew
| | v
Ul
K f
e o7
| ¥ il S
1 i : 'n ‘I's "w’ \ i
e B i ‘
| H s
] 0 ! ;
- I i il
{
i
I {ifed
S :
i :
' # \'!
1 | ' ;
i B ;
,- e
|1 L ! i
- ! 3
! | !
{ ? T ¥ 3
“o | i
Y %
T 16 1 'a 4
. b |
(a) Concluded. §,
: < ';!
: Figure 9.- Continued. N
3 y
H |

b5 el e




!
!
¢
|
;
!

¥ AR T

A

RRTR——

TREIIVNS acs

bl Rt e

T gy S >

Contiguratinn

o —

M= 2.10.

)

(b

Figure 9.- Continued.

55

FRU—

TR




J

’ — RP——
et i A R TGS S e RN v e

it

i}
Lt
i il

it S

e

i
il

(b) Concluded.

Figure 9.- Continued.

56

s |

gy

e

. Ay
o
W "

] et

T ok

y
=

Vi, -1 0

A




R el e BT

»
3
%
-
-
5
¥ <
+

g T A s gy My

i

(i fitetit ) ilfiy
W
1 f
T i
‘ ,[\ i .
i || il il

Con

i
hnx,‘ o ,
il ¢ it f i
i
i i i} ikl
| it g
A i
Ca.d b5 |
! |
i 3
0 3
q
|
i !
,, | |
3 ) Y
14 { :
H
{
12 " i
f | .
§ |
10
5
Gy o
4
"
i
0
| .
3 |
% 3 0 1 (1 ? :
o deq J
5

1 (c) M = 2.50.

Figure 9.- Continued.




1§ propemmme T
- ' T
b { 1.2
7 .8
O o4 i : i
Hi ‘
0
1 %
a,
deg %
<o
§. 2
. A %
-1 -2 2 4 o ] 10 12 11 18 18 y
C 5
L
s (c) Concluded.
Figure 9.- Continued.
:




d

inue

- Cont

(=2]
w
i
|
o

-

=3

e TS MR U O L

G50 18 0 il i AT i R i




i
ittt

i

172

(d) Concluded.

Figure 9.- Concluded.

I

Contiguration [l

i

il




R A LT T T g M e

(a) M = 1.60.

Figure 10.~ Effect of model roll orientation on longitudinal and lateral
aerodynamic characteristics; BTW configuration.

B

o 2




(a) Continued.

Figure 10.- Continued.

A R . S S P i, g




R
L
| %0%; 'WMMMWW%WM’meWUWM? @N
| M iMIMuWWMMsWWHMW‘ :
~ | _I MMHM"MWW”HMWM I@
im ’ TE ,%;,i;
AR
L ;

” *‘umm;ﬁmmwm%uwmwww
_ "WWMWWWWWWWW
FE uanwwwwmewm |

;mm MWWWWWWWWWWWMMWWW
%ﬁf?M”HttlwwWﬁ%%wmmmwmw m
“2””1“*WWMMmemmwwwmmmt%
0 O )

(a) Concluded.




i
i

feiirt

oo AP Sy~ T

L SN P

Figure 10.- Continued.

T e T

Y e

Toli m e

SN




i e REEE A Ty e e Sl o % i 1 ]
|
k
i
3 : 32
=
3 &
E E Y
&
& :
" i
£ i 0
3 e i @ dey
& 9 e
§ 0 0 >
Z S B ..
: ! D ens sey
E Q %o 12
LS i o 135, 0
b
" s
3 ; 4
: - : !
' g ; . 4 é
3 hi i ;
: i
3 : -« i
g
5 i i :
: i ol ! !
i ? W 1
- |
% ¢
: »
. 2
4 4 L} s 10 12 it} 18 18
i [ %
4 {,
ﬁ (b) Continued.
. 4
- £ Figure 10.~ Continued. :
H i
g ,
- %
3 '

b
P —— O ——— &0

T s T




xff?f “ !l! &mm B!
Wﬂﬂﬁlﬂ

L IM

| m!m!ﬁ‘ﬁiiﬁ’,%“%& é%%%w“ gﬁﬁ!ﬁ%}%}%ﬁ,@%ﬁ!;2"32’ “ é”" .
a oot “ o W

némm; SaEn

L] Wﬂ“ﬁﬂ}?:ﬁfﬁffﬂﬂmﬂgﬂ!ﬂf{ﬂWW im{ﬂl'm{mm ﬁﬁm

b Hﬁgﬁ%ﬁ | ﬁi;ffmsmm ;ﬁﬁkﬁ“

: i

: Mi MWWW 2%‘&5” | iﬁ%’é

W Iﬂi ﬂmw ﬁ”

%

Hil
|

!"

j

L L illll RIM MH
. wls .
ﬁﬂﬁﬁ fﬁiﬁmlﬁiﬂiiﬁﬁ%ﬂ%ﬂBﬂﬂ!&ﬂ%ﬁ{%}%}ﬂﬂm Wﬂ ““’%ﬁmg“%ﬂ“L,!??”m . nﬂllﬁ!ﬂ } wmmzuﬂ&: m . Hﬁgfﬁ%

b lHMH L )
e . -
. B&ﬁ%ﬁ‘%ﬂﬁﬁ%"Hﬂﬁ%ﬂiﬂ‘ﬂ‘ﬁﬁﬂ!W ﬂﬁlﬁﬂﬂlﬂﬂ!ﬁﬂﬂﬂBliiiﬁiﬂm ...
L W . l‘ﬁf B
s immmzzzummnmmmmmmnunmmﬂzmmsmwzmmxmmxmumnwlm ... 5
ﬂﬁgﬂﬁﬂiﬁlﬁiﬂH}'g!’ﬁﬂﬁ . m;:zmn ... ]

Sesaitiessiseseesats seitseesiii:

uwwwwwwwwwwm W"TJWW%M
| e -

Ii
. .

y ..y !ﬂiﬁtﬁ%

l\)

%!BH’HHiﬂﬁﬁiHﬂﬂﬁiﬁﬂiﬁﬂﬁﬁm!iﬂf ﬂﬂﬂmézﬂhhi;thmihllﬁill’ﬂlﬂiﬂ!i)ﬂhﬁﬂniflﬂ*l‘lﬁi‘i‘ﬁi’iﬁ‘g‘fﬁHz!ﬂlﬁtMﬁﬂiﬂi&ﬁﬁiﬁiﬁ!ﬁ?ﬂﬂﬂﬂﬂi!ﬁi L

0,09

(b) Concluded.

Figure 10.- Continued.

66

s

¢




o

1

i
o
4
L)

L}

I A

= |

RS

(c) M= 2,50,

Figure 10.- Continued.

el e sl

- e

Rl et T R S R




(c) Continued.

©
v
=
b=
o
+~
c
o
v
1
o
~—
v
=
=2
o
wrd
1=




o Tm |]
i
i
‘ {

Mtl i l;
m M;’H nxﬂnhlulu

'-—-::—'::——zz"%_"..?::_gg

,j’ﬂm "hlltl;!! i !’ EEf
,,%!.%%hmmumnmmmtlmmulu | u |
:

n- i
?ii ll
i
i] |

1

il il

RTINS

==
m
e

11111

|
|

|

|

|

En I TR
W

i

'?a" '! zun i ns’ﬂu f

H’Li i ﬂﬂl H i lh!i i ..!!553?????%???5?@35?ﬂ”@!ﬁ?ﬂ"“"”"’ i

i *'l J‘M‘ AR R e , |
5’! S i Bhs| JJL B
ﬁiu ﬂ" :
3

8 ?.._ i
-4*6 3‘; l 1 i i
i !g,z' ‘f *
| “i o
ERTRREE !’
i M; B ‘ .
L izm m‘ {0 znfﬁﬁi il "‘ I
i i b i
| e ; subke
e m % e L’" " izii i




)
L
L4

e p—

Cm 0

(d) M= 2.86.

Figure 10.- Continued.

LAY,

5';5-“:’ =

”

# o



ho b aer

P

IEBRGE

WRESTTINET

fi i

il

(d) Continued.

Figure 10.- Continued.

o Y S REIEIT WA T
e
3
3
]
|
p
)

W e A g A

IR - i s Ao A O A s
SRS P F P o S

B g ?:ny 1 l
=N e

s Y

.

n




*Erm ‘ﬁ’ S =
. ..
it i fﬁ{iﬂ | ; '
Ch 2 *~hﬁt@~ i x‘s‘
* L
L L
i ‘
i it
. e

nlwielrdnle;

it . }
i’ i rF*I
: : t 1}1 § t } ‘
i i e
1
i
2
0
CY
-2
L e |
-4 { i ‘
-8 =4 0 4 8 12 16 20 24 T

a, deg
(d) Concluded.

Figure 10.- Continued.

i
i
i
1
i
i
i
i
it
e
0,deg
0'0 sstsiast
14.0 i
26.5
45.0 i
67.5
90.0
135.0
T
i
|
i
i
i
L

32 36

R




m’."“”""*"“ B e e o o oy L B —— ¢ s . P £ LR e e T ST

gl
iy

V&W”

e

PR
R B e L

z
|

Tl

il
i

ey s

il
i il

e S
-

b ]
: : 1
; r
#
{
.
&
;‘7“
,
5
; }
¢
,

(e) M = 3.95,

Figure 10.- Continued.




R

G T e

.

B STy i e T NN P Adrass

S

i

i
I !
i
A
i i
i ]
‘.'D
I
1
Hi
¥
2
1 ‘-
ol i A i !
-4 e 0 2 4 o 8 10 12 14 18 18
\‘I
s :
(e) Continued. ¥

Figure 10.- Continued.




%

%‘

i
i

i it
4 fit A HI ‘ i
A |
I —— ;’ l
Y A
n < i :;tir ili.|§|
i H { R i
I B il il il
i R i'
A !
O R R e
i I it i B
i il i it ‘ ‘ ﬁ
HitHH i i
i | { i
i | i l
24 i
R
i
It it
i T
| H; I
11 t! i !l“
e
it A s
{ ! w:{

H’“‘Mildlﬂﬂ!llll!h |

_.”:F“"m—x:*

B H

. l|

.
i

{
1 l
I
:

mm

I I e

""—"'—-"==

SIS
TeTares e o5
g

_.._...._.__.._____._.....___.-—-—-‘-—" R i e

| e

| E
i nmﬂu, Hi g !4

. Eé’?é ‘%I~
i |

e L

L }M} i rmiiiiﬁ*nmuiw’" iit" il 3 L

7 i
l

e s
SR

e

mmmmw

STIIIIIIImIIITTI I
SIIIIIIImaIIIIIIIIINIII

e
ST
Seasem:

m—-—__—=

u

T il i
HHEHTE (T it J}
T i
it ‘:4,w.,§i
Il il :‘.fxn
i
i "‘i
t
WIH l
i
l

i

|
i
|

i
AR iiiiiuiiiiiii%iiiiiii%iﬂiﬂiﬁumuiiu;Iﬂhﬂlhihdmi

” !unlm'lmuu !’Illlll l'!!lllﬂllllﬂl‘ll mm*!m,!x,m.mzézzmmamn W
R HIUIIIHI i i

|
!
|
1

i)
|

|
|
|




~

e —

4y

it
i
! il
it Ei |
; i i i
i e U T T
i i
i
i i
: 0 : N

Figure 10.- Continued.

O e T PR S

< ew




o I S L

i
i
i
n
3 i
E 2%
3 n
20
i
i
18
12 0. deg
s
!
4
2
¥
0
b 5
] 1
2
a ¥
i
b
-8 5
i
¢
¥
h
: 3
] U
3 i
4
:
3
5
.
b
18 18

b 4 (f) Continued.

Figure 10.- Continued.

R ik i O,




MWWWWWWWWW%W'W JT&W%

JEE 35 ges afi’ffif%ifﬁ%fﬂﬂfﬁﬂ!'iKﬂ!’&‘l%%%ﬁ!?%ﬁ%ﬁ%ffﬂlm 1 e

&iﬁh f?“ ’ﬁf{ﬁ%ﬁi §f¥§iﬁ¥%¥ﬁ§§!!ﬁ%{%f%fi%ffﬁ?%{ffiﬁﬁffiﬁ{!i IS
W!umﬂﬁm i mimmmwnmn L Ilﬂ H

-
3 égi}@im}’ o mm mmmnnmzmm L uﬁ”m umml )f‘ﬁi ﬁt Iﬁfﬂr‘ﬁhﬁl‘” m L

: ;f%}“”ﬂwiH}W‘ﬂbunn!}ffuuMu“:ﬂxiﬂhbznu;’ﬂgdﬁl&}; o Jﬂmj}, L m:i

|
dn :smmiﬂtﬂuhfummmmf . 1dxm!m:ﬂnnmrum 1‘ Ufmp %“%%l&ﬁﬁ

W’W’fﬂ i
| Wmupn}:ﬂqn‘nz{nlztWm!gunumuﬂuzmc; mm mmmzmmuu e

HM%J - zmmumnug;nm IUIIWI%H}W ’:Hl .
i
‘ ‘ﬂmzm{uumxfuzzm‘zzm;mnhw e mﬂgﬁm’gmgw |

L m?ﬂ e S
Uﬂ | ”xfﬁ”nznuhinzziéiiiinﬁﬁﬁﬁ e mﬁﬁﬁf uiiﬁiﬁiu iiuimmnm:umih N MMI}!E’
fﬂ;:rﬂ‘l BRI
Hﬂ;ﬂ

mm—.—
SEENETm e

f=1
-
§§§::T
m

"%ﬁg
=
%%é

%
%

SR
= .-kg_., oD O
“?_;‘:%;:—-E P 0O o A —
2EE SNuUno o

Wl{ . gﬂ mﬂgﬂﬂmg’f%“mgiglw W; ﬁ }%;ﬂ ;? ;ﬁ gﬁﬁ mﬁ{f;f;} ”imm ;ﬁ | W% n ?g m 3)3! gli m’gﬂ glm |

MWMWWMWMMWWWWMMWWMWWWM

c, ¥MWWWMWWWWWIIMW WWWWW
Hmmm | mmmmmiWﬁMm3!’#?1‘”11”11’1]1{ | ’illlzﬂm{“mlm mﬂuﬂHm!{ltuﬁtwnimllm mmmmﬂm .

.

A
.
’M BI!MH W& mumuuﬁummm 4ﬁ5mmmizsmsxmmninhmmfmuummrmdx hﬂ! L lll{! L mﬁm HW

|

m! m
i

(f) Concluded.

Figure 10.




.Wklm,..;“ll:.fl.t“!a«i FERE SRS S S T SRR Y

fithant ot bt S0y

R B Y e

20
20
20

Bpiten deg
Fin 1 ang 3 Fin 2 and 4

g 3 1o o

=3
e}
o
Fe)
«
o
=}
o
-
“
=}
8
g
m

N T

ST o L SR

XA

_—

..
1]
&
o

o
+
©
+
c
@

ot
-
0

—~

~
0
-
0
=1
0

ord
L
@
>
4+
L]
1]
c
)

-
+H
3
o
—
Y
©
o
~
0
b
+
G
o

]

Eel
3]
o
-
o
W
0
4

0
@
W
w—
=}
—.

My

&
Q
b
3
o

ot

[

i o T
BB SRSy




e

!

)

1 e S
-
3 1.

|

P P

.

e SR P

e _‘r,_..p-» —

Sem—cunye e

o

Spiren. deg

Fin 1 ang 3 Fin 2 ang 4

20
-20
=20

%
2
£
2 1
§
; °«

(a) Continued.

Figure 11.- Continued.

e Tl e

a,
deq

!
i
i
|
]
g
K
g
| e






men

® deg Bpiten . dey
Fin 1 oand 3 Fin 2 and 4
K
K
0

1' !“

{ti "i
it il

i

3

&

8 o 5 il

)

(b) M = 2.10.

o S, o & e D

Figure 11.- Continued.




8

o,

S,
] ““'vaﬂ’“"" ——

Bpiten - dee

Fin 1 and Y Fin 2
o

(b) Continued.

Figure 11.- Continued.




— 7 m v . . - N ) _

Hﬂ}ii{ B |
L
lllll\l‘"' L
ﬂwwﬂM%thmijmw
it AR 'vm
q;mwmwus»uull%m L
WMWWWWWWWWWWHW“
zwwwwwmwwwwmmwmhwf
OIWWWMWMMMWWWMMM i
wwwwwmwwwwwmwwmmmwil
R | |




f

e

%

)
M

AT

e

R o

i

i
2. deq Spitcn . deg I
Fin L and 3 bin 2 ang & 4 i
o oo 0 20 Rk
Q a0 5 20 |
i S a0 20 0
i i

i
i

0, den

(@) M= 2750,

Figure 11.- Continued.

R e Tt e VS

-+

G

R LT —

-~




T

|
{
|
|
! I R
| i
A
bt
) ! i i
| i
Fag !
U o !
1
= & 24 i \ »
i {
e J
[ & i
IS .
4 [ /
| ] i i z
{ 10 : Y
il ! o .
} ’f i deg ."
- i 12 :
i ;
Fan L ang 3 Fin 2 and 4 3 .
E, 20 i S ‘
s 20 fillihe
20 20 it 5
4 i
G I ¥
) 0 $
s -4
1 o
5
”
0
)
I
{
3}
- - . i 3
1 il ¢
i il  §
i i
5 1 . by
i | 2
{! "
ol &
L 10 12 14 16 18 'y

E | (c) Continued.

E Figure 11.- Continued.

-~
. e e
B R o O Ll I

§
i
£




....... L

u;t I
| : ul ;z REEEECY
M wmmwwww
W W

i i
WW
_s ,lu |

WWN
|

l!

i anW'u'me i %Hﬁﬁ{ﬂlﬂl{lﬂ
ws I m“n T 'L’,,. iii
B ﬂ

|;umu:,u; il |
MWMWWM

—’—'—m
==—-_—

Mﬂk

T ,
W’ﬁ ....... r
hdu”WJWMMI”'HH'W
HWMWWWWMWWWWMHWMWMWWW

1 uﬁ a8
i WI‘IH

..... u S
WWWWWWWWWWWMWWWWWM
G2 NEE NN PEYRuES »}1
l’!ll ’l
e *%**wummm A ii‘ifi%i‘%%’iﬂi!lf%i‘i;ih%%!ﬂi%hlnimllnldl!llll |

o
<
' '
. & o

t
i
¥
|
i
|
§
?
!

g - » 4 #
T R e Y= Yo P s ST 2, S S T oy s T NN SR SV A o R SR e T —




e O . LI N B S e S G— . A — R G AT SR

i i i o

i geq Spiteh 99

I i Fin 1 and 3 Fin 2 and 4
O v e 0
1140 s 20
20

N

.

L T ——

AR A
-8 -4 0 El s 12

(d) M = 2.86.

o e e i
I ey

Figure 11.~ Continued.

et DRt SRS



RN e ] 68 IR PR 7 ST AN 2 S R LN N £ 1 TN PRI 45 1T e R 20, gy 5 O S ———

N a0 ST Al

1 a{ r e i e A :
! L (!
1 i 1} { I SERTLIN
8 l i
4 L U it
.8 :
T T i ]
IR e . )
L i
ol
i} Bl i
¥ i
: f
53 I 32 :
é el § lias |
A L :
% A \ ; WY
3 I i .
i il I Y
£ f ] j i o
b ; 18 - &
B £ Ftlo 8piten - des it b
2 Fin 1 and 3 Fin 2 and e )
E 3 0 0 20 pened 12 ded
3 0 -5 -2 Rt
E 0 20 20 ol
1 % hied 8
E 3 .
. & ¥
b ¢ 2
F | B!
E & . ,
¢ ? }
E 3 { 2
E } it
L ! )
fifinu i 3
]
) 8
~ o5
¢ : , }
| ‘ i
<
L]
U e $
¢ gl
- VS T i e
: it e 4
: il A &
12 14 16 it} 8!
': 4
o ‘
b (d) Continued.
3

Figure 11.- Continued.




.......

2

o

()

)

. c

—= 3 I

= = % 5

o R~ e
i.ﬂmuumllﬂw = s 1
P—— O O .
S s =
= ]

o

=

<9




i d

3

.

e

o " G "’ 3 s 3
TN N Oyt e 3, o e L SRS L SN S P — T —
3 T 2 1 o g TR IS P o

-
o8
N
Cn il
i
0
LAk
i b i}
i i i
! T ik i
' !
i |
; i
i
" / ,
& -
i .
.8
Ca 5
a I MBIt k ok
® ae Spiten . deg 3
il i Fin 1 ang 3 Fin 2 ane aff 42 4,
0 ) O 0 0 20 i
il il O 140 ) 20
AL i A 268
i i Qs e
s i i
(AL
il il )
W
f
i |
H
3 i i
i i it
108 i Wi
i i
i
it
8
ilz‘u.
L
Oy
4
i
)
fi
0 |
i
i
- A i t
|
-4 i
oL 4 o 4 $ 1’
o

(e) M = 3.95.

Figure 11.- Continued.

91

ol




A e

24
{
20
16
128, deg
i i
i . deg bpitch . deg
Fin 1 and 3 Fin 2 and 4
0 -20 8

-20

=20

-20

. 4

i

i
i i
H
0
-4
-8
.
14 16 18
g

(e) Continued.

Figure 11.- Continued.

o

e———

=

b AT 3 s

)

e iien

e

et ry

S——
g

3
:
2
%
} i
X



XE;‘ xf‘; L {;, bbb
- i
!!gliwvgwm Hﬁi ,iizfg'!kgniwwmmmﬁ m"fﬁ;}’ﬁ!

‘1 e

WW%MW

MHH
L

mwﬁﬂﬂ&

ll
L

d 3 Fin 2 and 4

-
i~ | T
—

AR

IR
~—--—i: MRS
Tees oo

i znnnm\n g
zm HEe: ﬁm)'mu i "!%ui }ﬁ!sm ‘;1 e
‘MW@%%W”mmMM%WﬂMWM”MH%%

. 0

H-MWWMWMWWMWWMMW

n

. MMMW

}
xh:‘l
i

tﬁww

L 'ﬂ mm i
T z ‘
|
|

l
|

w”
M”
N
|
.

| |
e
I »

il

WWMWWWWWMMWWWW%WWWWWWMh
L . .
. HWWMMMMWMMWWWMMW%MMMMWWWWWWIWﬂ

e M
T ﬂ
- MWWMWWWMWMMWWWWWM | WMWWMWMHWW

| e

L
o L
15ww5ﬁmaMWMWMWWMWWWMMMMWMWMMMMWMWWMl!W

m-————_——%
..—.z:..-....._..._..........._

Tessasaans.

(e) Concluded.

Figure 11.- Continued.

e 3 e R N el 15 N SN
R R TR T, - TSN TR g g £ Pt S R s SR B 8 .

93




S " Rl G T —

’}“ i

i i i i . deg Bpitch . deg
it Fin 1 and 3 Fin 2 and
0 0 -20

45.0
e R e R
T

i
il

e
e s e A B — ol W g
v Sr TR o
»
el

Cy 4

o e .

Figure 11.- Continued.

PANPIONY

|
i () M = 4.63.

3 94

4
b A " ST
R




AD-AO78 611 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION HAMPTO-=ETE F/g 16/4
SUPERSONIC snnzun AND CONTROL CHARACTERISTICS OF A CRUCIFORM==ETC(U)
DEC 79 W A CORLETT

UNCLASSIFIED NASA=L-13149 NASA=TM=80171

20 2
AO?BG I
END
DATE
FILMED
| -80
DoC




:

-

. deg Bpitch . deg
0 Fin 1 and 3 Fins 2 and 4
0 0

(£) Continued.

Figure 11.- Continued.

32

28

24

20

120 0ed

$
|
|
i

cilere & sted B} NS BaY,

LS NERSAE:

LBE_ Y

2L
el

SRl o 4

e 3l €57

Resgfide vl

& \;,‘

COERCRE

N




|
36

i
‘fiiit,&, !
32

i

i

i 1143

it
i

i

Fin 1 and 3 Fin 2 and 4}

deg
(f) Concluded.

Figure 11.- Concluded.

C
96
el e B UL O

R REA TR S § b







o ;;t | if " W ’ “W G M

C mu HIMI i q
i ;u i i w znm!ﬂ i f; I 1’!%?%”2‘ |

nluiMHNWWWM4WM m f
_WWWWMWWWmWMMM é

Mw?%“wwwmmw pﬁmmwm%www

12&Ha“ WWWWMWM!
|

iMM“W”!I mﬁ%w ”H ‘
kil
mféfﬁifs’**zimi%i’aa;? R ;

i:Hf.!
!;h‘;zf:ﬂ{ff i f il

;r I uumm hmn"x"x”"mn-v“mm"‘umu- 'ml.n,l,mmn" lmml"mmu"‘mmum\mu:- ).mrm"'m (ST

mWM%W%mwwwwwwmwwwmmwwwﬁﬁme
]I! f%WWMWMMmMMMWMMHWWWMW%

. MIMW
BEEBRSSEGECEF ;- s

: wusww
”QWWWWWW%WWWWWWWWMWWMMWMMW%

hdi

"’W%MM

(b) M= 2.10.

Figure 12.~ Continued.

S e e A AP A




T
H

|
L
H me

R
Wﬂl

L
WMM

fi
il

.....—..-:3:

2% m

i mmmﬁwwmﬂmwm

| . MMWWWWWJW“W

i ll i R T

| R WWMMW IR

Mmmzmlmwiw WWWWWWMWWWW

e L

il o o |

o Wi MwﬁHMM'MMm

} wmwmmwwwwmmm mwmmmwmwmmmm
e u L fﬂli L n .

”EMMWWWWW%WWWWWWWM

ﬁmnnmwmwwmmi -

& wmmmwwmmmmmmwmmmwmm

| ” ”‘”WMMMMMMMWWWMWW%WW

: . Mwwwwwmmwmwwwmmwmmwww

| m . T

R

.

Ii‘MWWWWMWWWWWW‘WMWWWW%W
L Hﬂlﬂlllﬂ!ﬂ%ﬂlmﬂ .
MWWW

L
ﬂWWMWWWWWMWWMWWW

“MMMWMMWWWWWWMWWMWWWM
~MWWMMMWWMMMWWWWWWH%M

MWMWWWMMWWWWWWMW L

y.

(€) M= 2.50.

Figure 12.~ Continued.




11111

Jﬁ

1
WWMWWW%

o

i

B dmfﬁi}H |

5L anml W

m15iff!!hI!I!d%?ffﬂﬁg’fiif;‘fiﬁUffliimff!’!”iﬁ?ﬂ

jﬂ Wﬂr m:;fffmﬁd | )}m‘MMMI I‘” W
Il EMMH !

E

i f%?fzaaa e

i MWWWWM
L

| 4sMM1 i
| L” .
| B

i

. }&fﬂWWWmm z
| TisaRios: i
g NM¥WMWWMWMWMMMMMMW
I%IWWMWWWMMW MWWM
. twmwmzu o

IH“HW]Jki r

W

zmjnf

',m:m',

-
WWMMHMWWWM
WMHWMMWWMM

-’ v, ’"”ﬂfﬁdﬁ%mﬁiﬁ:3!13!&‘“” m‘n m:m:ffn’mm nfnm 'l,%;%f{,pﬂ!,l,ﬁ .

uﬁ

| . WW
cfmwwwwwwwswwwmw .
AMﬁW%WWWMM%W%M“MW%WWMWW

: | i * |
bl aaanadl 1J!W#fﬂlﬂfhmzfﬁ.ﬁ%Jﬁi i

meu h

L
WL 'Mummfb”’

Figure 12.- Continued.




%JWM” W”HWWIW

! Vuwnpmtuwt
A %‘} ‘h}%‘% r“x il

{nuE nanRaR

i L
ﬁ:MMWuwmwwmmmmmmmwwwww

TZMWM'HMWWWWWWWWMWWWMW” WWWWWWWﬂMWWWWW’WMWMW%

R e
;WWM%%MMMWMWWWWWJWMWMhmmm

*M!wgJWMMMWmemM WWWMJ%WM

ﬁ‘ it mwmmnwmquwmwwmwtm |
| @~*° mmMWMWMW%MMWMWWWMWMWmM%Mws
;Mwwmmmmwwgu&mmwmn i
e %MWWWMMMWWWWL
%W%MW o L
. mﬁwwwwmmwwmo

WWM ?%%WWWW%“MMM.
- ;mwwwwwmwwww‘
L il
mmmmmm il

%E!iwﬂﬁ ?ss “"milﬂ‘ﬁ Mn }i 3

§MWWIM
Wm

ww
Www
| mumuwwmw

1

R
RRE “"ﬂ i

L

(L HWWWWWM

{e) M = 3.95.

Figure 12.- Continued.







R

:'.::::

B T ST ——

quﬁ m{“%“m fi
UWWWWWWWWMW%%W W”WWWWM
i MWHWWWWW?p MWWWW@$WL
i

o HWMMM%%HWMMW
jﬁww%%wwwwwmwwwwwm
ManWWMMMMMW%WMM@MWM

Mﬂ i ’,‘ﬁ
L o
| twﬂmé!}’ zr*mw:z*ﬂ'ﬂ{mlp* L 1!“]"“! | *tzl“ L
L %{ D
'Hr. ilx }1 W

s sesasree ot M“—“'m—————-—a—“—
Tt St
aTaateateasaotess

f I L i"liilﬂﬂ\‘ﬂ\ﬁﬂ\ Mﬁd‘ H“% L ‘tiﬁ . ﬁﬂ{,ﬂmk L Ml,!ilﬁ‘zi! | L
. Qiizmﬂﬂdﬂ!; d*!:ﬂl L zgmimmss{,smtm; . %Ml{h‘

i H%J

Mumawﬁmw

.

o ola i

il "-f i H! ﬁ\

P xi%?ii?ii‘zﬁﬁiig? ”
i A Wi i i
_WWMWMMWJMMMywmmeWWWMWM |

a,

(a) M = 1.60.

Figure 13.- Effect of yaw-control deflections on lateral characteristics with
four fins deflected 10°; ¢ = 45°, BTW configuration.

+9 D



Lol L TS

i “ s ! m iH N N
ilgi; y;”“ %% mm; i ‘ ’ ‘ 5“ mmmﬂﬂ M mlmm it ! ! H g’? ‘ !; W u im¢‘ %}%i'%ﬁm
i L L "“’"“*, e
¢, L ﬁ! ,ziﬁﬁm iﬁl?}%?%{;ﬂ%! C‘}W?Hﬁﬁl iim %%ﬁ?}hlin;;qt}ﬁm 3 Hfri Hﬂ‘tﬂi z!;jf;ﬁ;ny*;gf&] mm IPI%
‘, ’ '}, i 1 % l‘ i ’u L }”.-gi it: i
: L % m | “ 1%* Wn l%%}uﬁ!%ﬁ!f“ H ‘i lt . l;%’fllftwi
i
* .
”ﬁ"“ﬁs !i} ;ﬁ;{ S
| ; ....“"' o
L — Hi . ﬁikf L *a,mv*\”’st | H%sg I!:z i Wﬁ,ﬂz L '
| t}mﬂ" L mgmmzmwnggugb'nimzmn mmm}gm L }‘tﬁ* L 2’1; | . .
. {HM‘H’ f!l’l!i!*l‘itbmﬁ xf}m%fﬂ’ e
o Jﬂi}ﬁ znum L :if‘ilfh!!hk | ;m: Hﬂfﬂhﬂdﬂ Nﬁlﬁ"ﬂﬂzl o p
L !!Ulgl!; L . . L
. ‘iiis:z L .
-
u;J!ngzlf?l!lfzii;il}*f*u ,
.
L L %?!!ﬁ;JW“‘M‘S o mmwm mt .
N N ﬂ mmmm; | .“?iﬂsfﬂiii rmmmnmzm W im zmmmm I!

(b) M = 2.,70.

Figure 13.- Continued.




 H

| I —————
i na i L i ‘!l . i o
TR g ”%ii'zii"ﬁ'%'iimi*"‘ =l W’*

, "nmm!}g{,m%m{x!mhnnhuff

i
1 il
i
3
¥

iii

0 nuwt HH,

1
i
z
1

i
trz:*:: wzzw“: | v !*m

w

..—-J'

l
!n
.

‘ i
|
| i;“

SR S
e e s
:_E::::.

Rk

(c) M = 2,50,

il
.
. Hulﬁ .

et

Q, dl’l

Figure 13.- Continued.

A 1 AT T YR I AT i 0% 5




L

= 2.86.

P |

Figure 13.- Continued.




o

il
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, WWMW
hm flﬂ!ﬂiﬂﬁ T

|
fli

? o

%MMMWWMMWW

! | ”mmgﬂml”"lllmll e gl;}ﬂiﬂﬂiﬂ
it nmml i ; i
Ml ‘ l ’MWHIMMWHI%
l

e
m’m MJ | WHMWMJMWM%MWMMWWN m
W%HMWN MMMWHWMMMWMMMWWWWWWMWMW
WWMImemwmWWWWWWWMWWW”WWWWWWMme
“W%%WWWMWWWMWMWWWWWWM
ﬂ *'MMMWWWMW MMMW%MMWW
mmmo”ﬁ“MWWWWWMWWWMWWMMWWWMMW’H’
mmmmmmmmmnwmmmmm%%ﬂ%%%%%%%%%%%%ﬁ
MMWMWWWWMMHMWWMW%WMWW%MMWWWMWWWﬁ‘
| iy ; L
"Hm"!fﬂlmﬂimﬂmm!mﬂlﬁmhmﬂﬂ!!*!!!!!!!?fff%i%iiiz!i,,iiiizmymzmzmuzizzzuguﬂfn!m&ii!i!!izﬂ!!mi!zi‘t’!!ii!!!!!!!m!i!!!il!h!kii!imuﬂt it
u """"" mmmmmm%MwmemmMmmmmmemw
MWWWWWMWWWWWMMMWWWWWWMWW%WMWMWWM
mmwmmwmwwWWMMWWMWWWWMMWWMMWWRWHW
...

MWMWWWWWWMWWWWWWWHWWMMWWWWWWWWMW
WWMWMMWWWWWWWWWMWWWWMWWWWWWWMMWM

D e
b mﬁimnniimﬁmmus'munmmmnmnmunummmnmmn,m 1

_%%WWWWMWWMuMWWMWWMMMMW

%
-
%%%
__,__=

H

I

|

I

ey

salIIIIIII I
P e e e

1323322
Bt
ssnmsan M e

T ST e e

Pttt

......-_
..__._ ..___
R ._..—-.
——-—.....___"—“‘_...-—."""“"

e
IIsIImnnnmnmaen
D
—
o

s UMM 2K, g e O T £, 2 o O A

W
|

36

16 20
a, deg

Figure 13.- Continued.

107




l I;l
g

|
i!!
g

u Htt i
il :

;M 4
\‘11 i ‘Mm”!WWWWWW”
i f’mf”mu!%“m it tl%z!il*ﬂmiilitﬂtﬂ*iﬁfﬂii‘!iiﬁ;g{ ’g”zgg’fﬁ'mii'u’di:f‘ BN }
“’W L ?n i iluuu
i ;wa ]

mumn} ¥ mﬂm*mmww;:s. i nz%;;mt‘; ieit sium"! T i
i Erl M
%’ *f“m,i”lnmfzmg it g

i J

kL i

rli il

WWWE N <mwmwwmwww

e
:WWWWWMWWWWWWWWWWWM% ﬁ
|

UW‘ thwmwwmmm’ !WWWW

|

i I |
mMWWwWWWMMMMWWW!W
« il NMWMWWJWWWMWMWWW
JMMWMWWWWWWWWMWMWWMMM%W:u
i ;<mwwwmwwwmwmwwwmmmwww

(f) M = 4.63.

.~ Concluded.

|

MWWWJ
WWWMMMWMMWMMWQ

MWWWd




Figure 14.- Effect of wing-tab deflections on lateral characteristics; =

i

i
_JMMWWWWWWWMWWMWMW

laul H||

1|zz i
WWH
........................................... !1M%
%WMWWWMWW "WW%

i

t |

i ,im
EEEERSERER LR

tu
i
J
| MH
i ,ll |
L
MWMMMH
! i §HMM%MM
i
|
|
|

!
t

{
l
]
|
;

it
i
i

|
|

|

.

” L
[
N

b |

i

s
UHWMWWM
? H

%?WW

: |
mMWMMMMMM

IWWM
H !g it
i
i {Ha I uz'
|

!
1
}i

|
L
|
i

i

W ‘
| l '
g
i lﬂ L

| e
"“
” L
1
” L

I
|
{ﬂ
| ;! H
L
z ﬂmw
MMMWWM
i N!lhlmwwum!nhiwwwmﬁ&wh
| i XH[ |
mm"lwmlmeWWTWM%WWMW%% %MWW!
T
|

!
il
| i
B
”il { i u ;
|

WWWMWWMwwm
i

WWWMWW

MMMMMM

|
|
;
|
|

i
i
|

;
;
w
m
|
h

W

i

109







T
“ e

L

; }M& ” fgffgmg il m;;mm .
e

? ailiu i o

.

X H :‘.

i

| |
mm:‘z:!‘:ﬁﬁ; @;%ﬁ‘ F:H}l%g!::!ﬁlfﬁgﬁﬂ H iﬂ .
%WWWM!%WWWWM?W”l

SE3Tssas: st

S .i‘"' e

o
S T A S e R

|
|

. nm .

.
wwmmwmmmmmm%a
|
.

0

free
ST

WWWHWWWWWHIHWWWWW
WWMWWWWWWWWWW%W$ .
WMWMWWMWWMWWWMMIWMW%WWWMMM%MM
| l
T
o o l
HD'ﬂ&”MMWWWMWMMWWWMMWWWWMM

. L
%MWH%MMMW%ﬁ%%%ﬂ%&hh%%M%ﬂ%ﬁ%ﬂ%Mﬂ%MMW%&WWf5
WMWMWW “JW%MWW%W .

@Mmmmm@mmmw
-i%WWWWMWMWWMWWW@M
MWMWMMWMWWWWWWW@w
MMMMWW%WMWWMWWMWWW
1mmmmmmwmwmmmwwmwmm
“Wmmwwwmmwwmwmwmw
CHWWWWWWWMWWWWWWWMMMWP
ﬂWWMWWWMWWWWWWWMf u
{WMWWWWWWWWWWMHWLM MH
_MWWWWWWHWWWI!NWMWWWWWWWWWMMMMMMM

a,

 $23532052
w

|
I

=2

i

e

S
e seesssessetetastes
fr

=

s S e

frrr et
$3sssasassasaserasay

EoodnEma

m

.
M

=::=...==—’—-".....m
s oS e tes STt ee D eSS Teses. w
mmmm
R

SRR

'8

36

(¢) M= 2.50,

Figure 14.- Continued.




_WWWWWWM

ngjmm
o
QMMWWEIM

:1 i m h . ’,i{ ;
: H

| ';fi*‘ i fnft !hlmllll l!‘! Hﬂﬂil L !fi xr"uu I lllHull’

i 1 i’ m

’ﬂf W
MN JMM

Ll
MMWWWWWWWWWWW

WMMMWM” wwmwwwww
WWMWWWWWWWWWWW
mW«NWWWWWMWWWW
jmwwwwmmwwwwmm
QWWWWWWWWWMWWM

O

&WMWWWWWMWMWMWW
L wnwm%mw

A AAHARRA ) "t
wWMWWWWWWWW

A 'limll{h Il

(d) = 2.8

Figure 14.- Continued.

n %%}Hﬁ%{ﬁhdﬂm R

o ,_m»’ g v AR




i AEBuERmY - m i ""a m

\‘ ‘l" 1 ‘ m 111 1 thi’ WM I}H ‘ H‘ !m ’“i Wt t,sxwmmnnw
ni”&gs i |

. "l i | m ‘!il

W{HH immmu “ t W tu it!

.
| z’v:;:;p;i l!::ll!iitii%hi” W‘ lw” L ’% J;i}i[ i mi; n“; us{g&mlwm rzw i lhum“wt;ﬁf ﬁgfm“;liill}{%)‘g
B M '* W it 5 w i . til :
e
i | i
| M& " M&

M W | h

- | w

L “ b }
i " W

-
e e
S e e e e s T

ST I mm

il
i

¢ E’l

mﬁmm mnq'” 'i’*flmvu

i i t,:







L4

Ropor 2. Government Accession No. 3. Recipient’s Catalog No.
ASA M-em n ke

Title and Subtitle

7 (ﬁ/ ~Report-Date /
,supznsomc §TABILITY AND con'mon CHARACTERISTICS OF | L_December=i979

TQBUCIFORM ISSILE MODEL WITH DELTA WINGS AND AFT ] 6. Performing Organization Code

TAIL FIN CONTROLS , [r— = /
| 7. Author(s) /‘\_____, A.T. 8..Performing Organization Report No.
L ] Py 'a SIAL
1) W).llxam A. /Corlett / (/£ /;l Mo S| --1314
——— X 10. Work Unit No.
9. Performing Organization Name and Address 505-43-33-04

NASA Langley Research Center

1
Hampton, VA 23665 11. Contract or Grant No.

N
-
¢ S

12. Sponsoring Agency Name and Address
National Aeronautics and Space Administration

TN ?‘VH vered
e Technlcal emor;:dum
\ 7

S

Washington, DC 20546 Ty "Sponsaring Agoncy tfde

15. Supplementary Notes

16. Abstract

;> An investigation has been conducted to determine the static stability and control
characteristics of a cruciform missile configuration with delta wings and aft tail
fin controls. The tests were conducted in the Langley Unitary Plan w 4:§d tun el at
Mach numbers from 1.60 to 4.63 through an angle-of-attack range of

longitudinal stability and control characteristics throughout the test Mach number
range. Relatively high induced rolling and yawing moments were apparent at asym-

metric model roll angles for the lower test Mach numbers; however, sufficient roll
and yaw control was available to trim to relatively high angles of attack and lift
coefficients.

to 309
Model roll orientation was varied from to 135 The results indicated good '1’?EE?

17. Key Words (Suggested by Author(s)) 18. Distribution Statement

Cruciform missile Unclassified - Unlimited
Supersonic aerodynamics

Tail controls

Subject Category 02

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price’

Unclassified Unclassified 114 $6.50

* For sale by the National Technical Information Service, Springfield, Virginia 22161

G e

NASA-Langley, 1979

3 ¥ 5.7 T /2
, Vo e \J :

e S

i N,

A P A
8% ;




