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SUMMAR Y

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 4.53 through an angle—
of—attack range of _40 to 3Q0 • Model roll orientation was varied from ~0

to 135°.

The results indicated good longitudinal stability and control charac teris-
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
tr im 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 _40
to 300 at model roll orientations of ~0 to 1350. The test Reynolds number was
9.84 x i06 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.

A maximum cross—sectional area of body, 45.60 cm2 (7.07 in2)

Axial. force 
- -  _______

CA axial—force coefficient,
qA ‘ I

base—cavity axial—force coefficient ‘

. 
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Drag
CD ltag coefficient , —

qA

CD, ~ 
ba~;o—ca v Ity  ~Ir ag c o e f f i c i e n t

CD0 dr~ q coe f f i c i en t  at ~ —

Lift
lift coefficient , —

qA

CL , t rj m  t r i l lu f l e d  lift ct)officient (Cm — 0)

Rolling moment
C1 rolling—moment coefficient ,

qAd

Pitching moment
Cm pitching—m oment coefficient ,

qAl

CmS pitch i ng—moment coefficient per degree control deflection (ct 00)

Normal force
CN normal-for ce coefficient , 

- 
-

qA

Yawing moment
C 5 yawing-moment coe f f i c i en t , —

qAd

Side fo r ce
Cy s ide— fo rce coe f f i c i en t ,

qA

d t ’fo r e nce body diameter , 7 .62  cm (3 .00  i n . )

body length , 91 .44  cm (36.00 i n . )

M f ree-s t ream Mach number

q f r t -n ’-~ t r e a m  dynamic pressure , Pa

r r adi us of model nose, 2.54 cm ( 1 . 0 0  i n . )

• Xac
— longitudinal location of aerodynamic center referenced to body length
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longitudinal location of center of gravity referenced to body length

a angle of attack , deg

wing tab deflection angle , deg

6pitch pitch—control deflection (negative, leading edge down), deg

6roll roll—control deflection (positive to provide a clockwise rotation
as viewed from rear), deg

5yaw yaw—control deflection (negative, leading edge left as viewed from
above), deg

model roll angle (positive clockwise when viewed from rear; symmetrical
configuration “ -f ” equals 0° with wing tab on bottom), deg

Model components:

B body with protuberances

B0 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 ra t ios  of 0.045 and 0.06 , res p e c t i v e l y .  Wing  3 ( f i g .  1)  is p t e ~~ided w i t h
an a i l e ron- type  t r i m  tab . The model also had e ight  r emovable pro tuberances  on
the fuselage which simu la t ed  v~ir i ou s  e~lu ipme n t ducts .

Test Con d i t i o n s

The tests were pe r fo rmed  at Mach numbers of 1 .60 , 2 .10 , 2 .50 , 2.86 , ~~95 ,
and 4.63 at a Reynolds number of 9.84 ~ io 6 per meter . A s t agna t ion  tempera-
t i~r e of 339 K was m a i n t a i n e d  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 leve l sufficiently low to assure negligible condensation effects. Angles of
attack were varied f r o m  approximately _40 to 300 at model roll orientations
frost 00 to 135°. 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 nos -’. The tran siti on
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.

-j

Meas urements and Correct ions

Aerody namic f or c e s  and moments on the model were measured by means of a
six—component , e lectr ica l st ra in—gage  balance which was i n t e r n a l l y  mounted near
the moment r e ference  center of the model. The balance was attached to a s t i n q
which , in t u r n , was r i g i d l y  fas tened to the tunnel  model—supp ort system . Model
base—cavi ty  p ressure was measured w i t h  two s t a t i c—pressure  tubes extend i ng into
the bal ance c a v i t y .

Th e r e su l t s  have been ad3usted to free-s t ream s ta t ic  pressure ac t ing  over
the model base. Angl es of a t tack have been corrected for  de l lec t i ons  of the

• balance and s t ing  due to ae rodynamic loads and for tunnel a i r f l o w  a n g u l a r i t y .

PRESENTAT ION 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 3

Effect of pitch—control deflections on longitudinal aerodynamic
characteristics ; -~ 00, B’N configuration 4

Effect of pitch—control deflections on longitudinal aerodynamic
characteristics; ~t — 450, BTW configuration S

Variation of trimmed lift coefficient with center—of—gravity
location; BTW configuration 6

Variation of long itud ina l parameters with Mach number ;  BTh
configura t  ion 7

-— ~~• ••
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Fi gure
E f f e c t  of component pa r ts on the l o n g i t u d i n a l  aerodynamic

characteris tics at ~ — 00 8

Effect of component parts on the longitudinal aerody r -r a m i c
charactei t o t  ics at •~ — 450 9

E f f e c t  of model ro l l  o r i e n t a t i o n  on l o n g i t u d i n a l  and l a t e r a l
aerodynamic characteristics; 8Th c o n f i g u r a t i o n  10

Effect of pitch-control deflections at various roll orientations ;
BTW configurations 11

Effect of roll—contr ol Lieflections on l a t e r a l  charac te r i s t ics w it h
four fins deflected 10~ ; ~ 45~ , 8Th configuration 12

I

E f f e c t  of yaw— cont ro l  d e f le c t i on s  on l a te ra l  c h a r a c t e r i s ti c s  w i t h
fo ur f i n s  de f l ec t ed  10° ; ~ 45° , BTh con f i g u r a t i o n  13

F Ef fec t of w i n g - t a b  de f l ec tions  on la te ral  cha rac t e r i s t i c s ;
— 450, BTW ~~n f i q u r a t i o n , con t ro l  tab on wing 3 o n l y  14

RESULTS AND DISCUSSION

Longi tud i na l C h a r a c ter i s t i cs

L o n g i t u d i n a l  s t a b i l i t y  and control  characterist ics are presented in fig—
ures 4 and 5 for •~~ = 00 and ~ 4~~ 0

, respectively, and ar t ’ summar i ~~t-’d j~
f i g u r e s  6 and 7.

The vehicle has r e l a t i v e l y  l i nea r  p i tch i ng—m oment curves ( f i q o .  4 and 5).
However , a s l igh t  p i t ch—up  tendency is noted at 1 45° at the lower Mach num-
bers. This tendency results i n  an e f f e c t i v e  reduc t ion  in s t a b i l i t y  level of

• about 5 percent body length at angles of attack above 15° (fig. 5) when corn-
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 sum—
• her and angle-of—attack test ranges (fIgs. 4 and 5). At the higher Mach num-

bers, the pitch—contr ol effectiveness Cm~ 
increases with- increase in angle

of attack; the control effectiveness , therefore , rema i ns ri~arly constant with
increase in Mach number at high angles of attack . (Note the larqt-’ reduction
in Cm~ 

with increase in Mach number at Ct - 00 as presented in fIg. 7 .)

The characteristic reduction in lift 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 ~ — 450 than at -~~ 00, since four fins
• are deflected Instead of two . Lift characteristics for the model at ~ - 00

and ~ 45~ are similar .

- - •~~~~~~~~~~~~ • • • .  ~~~~~~~~~_ • •~~ 
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V~tt tations of trimmed lift coefficient with center—of—gravity location ate
presen ted  i n  f i g u r e  6 .  This  figure shows the maximum lift coefficients obtain-
able w i t h  the ind icated pitch—control deflections at v ar i o u s  c e n t e r — o f - q r a v i t y
l o c a t ion s. Thus , the ae rodynamic  p o t e n t i a l  for maneuv erability (instantaneous
normal acceleration) of this configuration can be compared w i t h  o the r  conf igu ra -
tions on the basis of lift available divided by lift required for the mi ss ile
to ma i n t a i n  leve l f l i g h t .

The v a r i a t i o n  at Ct — 00 of l o n g i t u d i n a l  aerodynamic p a r a me ter s  w i t h  Mach
numbe r is presented in f i g u r e  7 .  A r educ t ion  in  p i tch-control  e f fe c t iv e n e s s
w i t h  increase  i n  Mach number is apparent  for  both = 00 and 4 = 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 re la t i vely h igh  CD O  th roughou t  the Mach number test range .

The effects of component parts on the longitudinal aerodynamic  c h ar a c t er i o -
t ics  at ~ = 00 and 4 = 450 are presented in figures 8 and 9, r e spec t ive ly .
A d d i t i o n  of the protuberances  in the fo rm of equ ipm ent  ducts and v a r i o u s  f a i r -
ings produces a z e r o — l i f t  drag increase of about 5 percent  and a not i ceable
reduc t ion  i n  s t a b i l i t y  for  the  w i n g — b o d y — t a i l  c o n f i g u r a t i o n . 4

Late ra l  C h a r a c t e r i s t i c s

E f f e c t s  of model roll o r i e n t a t i o n  ~ at angles v a r y i n g  f r o m  O~ to 13~0

are  presented in f i g u r e  10. The asymmet r i c  rol l  angles of 14 .00 , 2 6 . 50 ,
and 67.50 produce l a rge  induced r o l l i n g  and yawing  moments  s t a r t i n g  at  ang les
of a t tack be low 10° at M = 1 .60.  These e f f e c t s  a re  delayed to h igh e r  angles
of attack and are less pronounced as Mach number is increased . Figure 1 1 shows
the effect of pitch controls at various model roll or i entations (for controls

• deflected to provide a moment in the same plane as the model pitch plane)  . I t
is apparen t  when c o m par i n g  f i g u r e s  10 and 11 , that pitch d e fl ec t i o n s  have l i t t l e
e f f e c t  on the induced rolling and yawing moments.

Figures  12 and 13 show the rol l  and yaw control power available to nul-
l i f y  the induced r o l l i n g  and yawing moments . The t a i l  f i n s  as c o n t ro l s  a re
very  e f f e c t i v e  in providing roll and yaw control . it appears that this mi ssile
configuration can trim to relatively high angles of attack and lift coefficient s
at all model roll or ientations . However , no attempt was made to run a suff i-
cient data matrix at combined controls to establish the control boundaries .

The e f f e c t s  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 nulnbers from 1 .60 to 4.63 through an angle-
of—attack range of _40 to 300. Model roll  orientation was varied from 00
to 1 350

6
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The results indicated that the vehicle had relatively linear pitching—
moment curves and only a 1—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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(a) M = 1.60.

Figure 4.— Effect of pitch—control deflections on longitud i nal aerodynamic
characteristics ; 4 = 00, BTW conf iquration.
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Figure 8.- Effect of component parts on the longitudinal aerodynamic
c h a r a c t e r i s t i c s  at C~~ = 00.
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Figure 9.— Continued .
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Figure 10.— Effect of model roll orientation on longitudinal and lateral
aerodynamic characteristics ; BTW configuration .
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