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(TED No. IJACA ~E322) 

By Andrew h r t i n  and Harlo A. Hunter 

SUMMARY 

An investigation was conducted t o  determine the longitudinal- and 
l a t e ra l - s t ab i l i t y  characteris t i c s  of a 0.5-acale moue1 of the Fairchild 
Lark missile,  The model was tested with 0' and with 22.5' of r o l l .  
Three horizontal wings having XACA 16-009, 16-209, and 64~-209 sections 
were tested. Pressures were measured on both pointed and blunt noses. 

The wind-tunnel-tes t data indicate t h a t  ro l l ing  the missile 22. rjO 
had no serious e f fec t  on the s t a t i c  longitudinal s t ab i l i t y .  The desired 
maneuvering acceleration could not  be at ta ined with any of the horizontal 
wings t e s  tea ,  even with the horizontal wing f laps  deflected 50'. The 
f l aps  on the 64~-209 wing (with smll  trailing-edge angles and f l a t  
s ides  ) were effect ive a t  a l l  f l a p  deflections, while the f laps  on the 
16-series wings (with large trailing-edge angles j 10s t effectiveness a t  
small f l a p  deflections. The data showed tha t  ro l l ing  moment existed 
when the ve r t i ca l  wing f laps  were deflected with the model a t  other than 
zero angle of attack. A similar ro l l ing  moment probably would be found . 
with the horizontal wing f laps deflected and the model yawed. 

INTRODUCTION 

Tests were conducted i n  the Ames 16-f oot high-speed wind tunnel of 
a O.5-scale rpodel of the Fairchi ld Lark (=AM-2) p i lo t less  a i r c r a f t  i n  
order t o  evaluate the longitudinal- and l a t e r a l d t a b i l i t y  character is t ics  
and t o  measure the nose pressures a t  high subsonic speeds. A wing with 
the NACA 64A-209 section was included i n  these t e s t s  as an a l te rna te  
horizontal  wing beczuse previous t e s t s  had b-dicated a marked improvement 
i n  the highepeed aerodynamic character is t ics  of controls when the t r a i l -  
ing-edge angle was reduced and the sides f la t tened  near the t r a i l i n g  edge. 
(see reference 1. ) Thi e 

Bureau of Aeronautics, 



The b r k  miss i l e  is a s h i p t o - a i r  type and is  designed Lo be flown 
a t  zero angle of a t t ack ,  a t  zero yaw, and a t  zero r o l l .  Departures from 
these  zero angles a r e  icdicated by pressuse d i f f e r e n t i a l s  s e t  up a t  the  
o r i f  ices  on the  nose. The cruciform--tail con t ro l  surfaces funct ion a s  

e 

both rudders and elevators .  The s t a b i l i z e r s  have a f ixed  angle of inci- 
dence while the ruddervators a r e  movable. The hor izonta l  wing f l a p s  a r e  
used t o  provide lift control ;  whereas the  v e r t i c a l  wing f l ap s  a r e  u t i l -  
ized. f o r  t m s ,  Zero r o l l  is maintained by means of a i l e rons  which 
In te rmi t t en t ly  p o j e c t  from the  wing t i p s .  One p a i r  of a i l e rons  is s e t  
t o  pprduce a clockwise r o l l i n g  xoment whiie the  o ther  pair produces a 
cou~lterclockwise moment. Hovever, a i l e ron  t e s t s  were not include6 i n  
t h i s  invest igat ion.  

It is  des i red t h a t  the miss i l e  be capable of performing 4 g turns 
a t  O0 angle or' a t t a ck  and of a t t a t n i n g  a maximum speed of 550 z i l e s  per 
hour (0.85 Mach number) a t  an a l t i t u d e  03 25,000 f e e t ,  with a powered- 
f l i g h t  endurance of approximately 4 minutes and a range of a p p r o x i ~ a t e l j ~  
40 s t z t u t e  miles i n  order t o  permit the  in tercept ion of enemy bombers 
approaching a t  25,000 f e e t  and 300 miles per. horn. (See reference 2. ) 

C~ 
l i f t  coeff i c  i c n t  ( y ~ )  

C~ 
@ag cvefr  i c i r a t  j 2 ~ )  

‘! m pitching-moment coe f f i c i en t  about the  20-percent-chord l i n e  

(pi tching moment of the  wing - 
qsc 

rolling-moment coe f f i c i en t  r o l l i n g  moment) 
2 

S wing area ,  square f e e t  

Wh hor izonta l  wing 

Wv v e r t i c a l  wing 

c wing chord, f e e t  

Gt t a i l  chord, f e e t  



djmamic pressure ( h v 2 ) ,  pounds per square foot  
2 

wing span, f e e t  

angle of a t tack of fuselage center l i ne ,  degrees 

deflection of horizontal wing f laps  r e l a t ive  t o  the horizontal 
wing, degrees 

deflection of ver t ica l  wing f laps r e l a t ive  t o  the ver t ica l  wing, 
degrees 

deflection of the ruddervators r e l a t ive  t o  the fixed portions 
of the t a i l  surfaces, degrees 

incidence of t a i l  surfaces re la t ive  t o  f usela,ge, degrees 

Mach number, r a t i o  of the free-stream velocity t o  the velocity 
or" sound 

loca l  s t a t i c  pressure, pomds per square foo t  

f ree-s  tream s t a t i c  pressure, pomds per square foot  

The O . w c n l e  model used f o r  th i s  investigation was geometrically 
s imilar  to  the full-scale Lark p i lo t less  a i r c r a f t .  The model i n  i ts  
coaplete configuration included horizontal and ve r t i ca l  wings, fuselage, 
and t a i l  assembly as  shown in f igure  1. The ve r t i ca l  and horizontal 
wings normally had VACA 16-009 and NACA 16-209 sections, respectively, 
with 20-percent-chord plain f l a p .  The t a i l  was of cruciform arrange- 
ment with NACk 16408 sections; each t a i l  surface had a s t ab i l i ze r  and 
a 20-percent-chord ruddervator. Table I lists the pertinent dimensions 
of the model. The fuselage was c i rcu lar  i n  cross section. The normal 
fuselage nose was pointed. and the a l te rna te  nose was blunt, (see f i g .  2.) 

Two a l te rna te  horizontal wings with NACA 16-009 and NACA 64~-209 
sections were a l so  tested.  The trailing-edge angles fo r  a l l  three 
horizontal  wings and a lso  f o r  the tail s-mfaces (16-008.section) a re  
l i s t e d  i n  table I. The wing f laps and ruddervators were s e t  manually 
during tunnel shutdowns. 

Figure 3 shows the Lark model mounted i n  the Ames 16-foot high- 
speed wind t m n e l  on the sting-su.pport gystem. Aerodynamic forces and 



moments on the model were measured by means of a11 e l ec t r i ca l  strain- 
gage balance mounted on the upstream end of the s t ing  and housed within 
the model fuselage. The support system was arranged so  tha t  the monent 
center of the model remained on the horizontal center l i n e  of the wind 
tunnel. The angle of a t tack was measured by means of a pendulum-type 
angle-of-attack indicator mounted within the fuselage. 

Tests were conducted through a Mach nwn5er range from 0.40 t o  0.91. 
The corresponding Reynolds number range under the t e s t  conditions was 
2.2 t o  3.6 million based on the wing chord. L i f t ,  drag, pitching moment, 
and ro l l ing  moment were measured f o r  angles of attaclr frono -6' t o  16'. 
The model configurations tested a re  presented i n  table 11. The hor- 
izonta l  and ve r t i ca l  wing f laps,  the ruddervators,and the s tab i l izers  
were deflected as  fallows : 

Control Surfaces Deflection 

Horizontal f laps -50' t o  +50° (positive down) 

Vertical f laps  (I0, +lo0, +20° (positive l e f t )  

0 Rudderva tors  oO, -3 , -10' , -2.5' (positive down) 

Stabi l izers  0 oO, -3 , 4-3' (positive down) 

CORRECTIONS 

Tunnel-3~all and constriction corrections were applied t o  the results 
i n  th i s  report ,  The tunnel-wall corrections were calculated by the metbd 
of reference 3 and the constriction corrections were evaluated using the 
me-thod developed i n  reference 4. The tunnel-wall corrections, based on 
the area of the horizontal wing, a re  as  follows: 

Cm = C + 0.0055-( CL ( for  t a i l  on) mu 
where s ~ b s c r i p t  u denotes uncorrected value, 

Fuselage base pressures were measured,but due t o  theSr e r r a t i c  
var iat ion with both h c h  nmber and angle of a t tack no corrections were 
applied t o  the drag data. The measured base pressures always exceeded 
f ree-s tream s t a t i c  pressure. 
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An index showing the model conf igma tions , the control se t t ings ,  
and the plot ted coefficients f o r  a l l  the figures which present t e s t  
d3t:i i s  shown in tc'ole 11. 

L i f t  Characteristics 

Fig-me 4 (a) is a p lo t  i n  carpet form showing the variation of l i f t  
coeff ic ient  with angle of attack, f o r  various Mach numbers, of the 
complete model i n  the unrolled a t t i t ude .  Between 0' and -2' angle of 
a t tack  a def ini te  break or  change of slope may be seen i n  most of the 
l i f t  curves. This reduction i n  slope is a t t r ibuted  t o  e i the r  a sudden 
s h i f t  in  t ransi t ion (references 5 and 6) or t o  inaccuracies i n  measuring 
small l i f t  forces with the 4000-pound-capacity s t rain-gage.  Above 0.80 
Mach number the slopes of' the l i f t  c u r ~ ~ e s  a re  greater i n  the negative 
angle-of-attack range below the break than a t  the positive angles of 
a t tack.  

The breaks in  the S i f t  curves a t  approximtely 8' zngle of a t tack 
can be explained. with the a i d  of v i s ~ m l  t u f t  data which show tha t  
separation oco~wred over the inboard portion of the wing on the upper 
surface when the model reached th i s  angle of a t tack.  As  the flow over 
the wing t ip s  and over the f ~>.selage remained srnooth a t  the higher angles 
of a t tack,  the l i f t  coefficient c o n t i ~ u e d  to  increase, but a t  a reduced 
r a t e  . 

Comparison. of the l i f t  curves f o r  the model i n  the w o l l e d  at t i tude 
( f ig .  ) with the lift curves f o r  the model ro l l ed  22.5' ( f ig .  4('0)) 
reveals tha t  the l if t-curTre slopes a re  approximtely the same f o r  posit ive 
angles of att8ck up t o  8'; however, with the mods1 rol led 22.5' the mag- 
nitude of the l i f t  coefficient was generally less ,  below 8' angle of 
a t t ~ c l r ,  a t  the higher t e s t  Wch numbers. 

The l i f t  curves fo r  the model with the tail off and with the three 
d i f fe rent  horizontal. wings a re  shown in  f igures 5 (a ) and 5 (b ) . The slopes 
of the l i f t  curves and the angles of a t tack a t  the stall were generally 
about the qarne f o r  a l l  three wings. The t d t s  again showed t h a t  the w i r g  
t i p s  and the fuselage were not s t a l l e d  even a t  the highest t e s t  angle of 
a t tack .  Definite i r regular i t ies  i n  the l i f t  curves f o r  eaoh wing tes ted  
ars apparent a t  small angles of a t tack ,  The 6 4 ~ ~ 2 0 9  wing developed 
greater  l i f t  tharr the other wings a t  a l l  t e s t  Phch rzurnbers and a l l  angles 
QZ a t tack ,  L i f t  curves f o r  the 16-009 wing do not p s e  through zero lift 
coeff icient  a t  zero engle of a t tack as  would be expected with the symnet- 
r i c a l  sections.  This discrepancy m y  have been earased by malfunctioning 
of the angle-of -a t tack indicator,  



Drag Characteristics 

Figures 6(a) and 6(b) are plots i n  carpet form of l i f t  coefficient 
versus b a g  coefficient a t  constant Mach nwabers f o r  the model (Why 
16-209; Wv, 16409) both unrolled and ro l led  22.'j0. Figures 7(a) and 
7 (b) show the variations of l i f t  coefficient with drag coefficient a t  
various Mach numbers f o r  the three horizontal wings tested. 

The variations of drag coefficient with bkch number a t  constant 
angles -of attack, f o r  the model both unrolled and rol led 22,!j0, a re  
shown i n  figures 8(a) and 8 (b) , respectively. These curves indicate 
t h a t  a minimm drag coefficient of about 0.024 was measured a t  a %ch 
number of approximately 0.80 f o r  the model i n  both the norm1 and the 
ro l led  f l i g h t  a ttitwbs, 

The drag characteristics of the model with the tail removed and 
with three different  horizontal wings a re  shown i n  figure 9. The 
Mach number f o r  drag divergence, defined as  the Mach number a t  which 

- is 0.10, was s l ight ly  less  f o r  the 64~--209 wing than f o r  the 16- 
a~ 

se r i e s  wings. However, a t  positive l i f t  coefficients, the drag 
coeff icient  f o r  the 6 4 ~ 4 0 9  wing was less  than f o r  e i ther  the 16-009 
or 16-209  win^ over a mi jor portion of the t e s t  Mach nwber range. 

Pi  tching-Moment Characteris t i c s  

Figure 10(a) shows, in  carpet form, the variation of pitching- 
moment coefficient with l i f t  coefficient f o r  the mch number range of 
the tes ts .  These curves show i r regular i t ies  corresponding t o  the 
i r regular i t ies  of the l i f t  curves (fig.  4(a))  a t  the same angle of 
attack. Figures 10(a) and 10 (b) show that ro l l ing  the model 22.5' 
had no serious ef fec t  on the s t a t i c  longitudinal s t ab i l i ty .  

Pitching-mo~entcoefficient curves f o r  the model with the tail 
surfaces removed and with each of the three horizontal wings are  we- 
sented i n  figure ll. With any of the three wings the model tended t o  
become less  unstable with increase in  Mach number. A t  any one k c h  
number the slopes of the curves fo r  the three wings are about the same. 
A t  a l l  Mch numbers and l i f t  coefficients, the 64~-209 wing gave the 
la rges t  negative pitching-mo~?~ent coefficient of the three wings tes  ted. 

Flap Characteristics 

Horizontal flaps.- The increznents of l i f t  and pitchingaoment 
coefficients due t o  the deflected wing f laps a t  various Mach numbers 
are shown in  figures 12 and 13, respectively. These f igwes i l l u s t r a t e  
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t h a t  the wing f l a p  effectiveness i n  producing l i f t  and pitching moment 
was good f o r  the 6k-209 wing a t  a l l  f l a p  deflections and Mach numbers. 
The f l aps  on the 16-209 wing 10s t the i r  effectiveness a t  small f l a p  
deflections a t  a l l  mch numbers but  regained t h e i r  effectiveness with 
f m t h e ~  increase of f l a p  deflection, The more limited data indicate 
s i ~ i l a r  tenclenc ies  f o r  smll  f l a p  def l ec t iom on the 16-009 wing. The 
improved effectivedess of the f laps  on the 6 4 ~ 4 0 9  wing can be a t t r ibuted  
t o  the smaller trailing-edge angle. (See reference 1. ) 

Figure 14 shows the variation of dm&-coeff i c i en t  increments with 
Mach number a t  constant f l a p  deflections f o r  the three wings tested. 
The increment of drag coeff ic ient  f o r  a given f l a p  deflection was l e s s  
f o r  the 16-009 wing than f o r  e i ther  of the other wings . 

Horizontal and ve r t i ca l  f laps  .- Presented i n  f igure 15 is the -- 
variation of drag coef f i s i e n t  with mch number f o r  various combinations 
of horizontal and ve r t i ca l  f l a g  d.eflections. The curves of rolling- 
moment-cocfficierrt variation with Mach nmber, f igure 16, show changes 
i n  ro l l ing  moment with angle of attaclr when the ve r t i ca l  w i r a  f laps  
were deflected. These changes were probably due t o  differences i n  
effectiveness between the upper and lower wlng f laps  when one ve r t i ca l  
wing was in  the wake of the forward par t  of the fuselage. 

Ta i l  Charac t e r i s  t f c s  

The curves of pitching-moment--coefficient increment due t o  the 
deflection of the ruddervators ( f ig .  17) indicate a large decrease i n  
pitching moment as the hhch number fncreased from 0.80 t o  0.825. This 
loss  i n  ruddervator effectiveness is e i a i l a r  t o  the b a a  in wrtrig f l a p  
effectiveness a t  small f l a p  deflections f o r  the 16-209 wing. (see 
f i g .  12 . )  

The pitching-momentrcoefficient increments due t o  various s tab i l izer  
inc ide~ces  a t  constant Wch numbers a re  shown i n  f igure 18. The curves 
i n  f igure 19  show the effects  of Wch number, of horizontal wings, and 
of horizontal  wing f laps  on the s tabilizer-ef f ec tiveness parameter - 

. These curves were obtained from plots s imilar  t o  
a = oO 

f igure  18 but fo r  other f l a p  deflections. 

The figures showing the variation of l i f t  coeff ic ient  with pitching- 
moment coeff ic ient  due t o  horizontal f l a p  deflection f o r  various rudder- 
vator clef lections (fig.  20) an8 s t a b i l i z e r  se t t ings  (f ig .  21) a re  included 
f o r  m e  i n  determining the s t ab i l i ze r  se t t ing  asd ruddervator deflection 
necessary to  t r i m  the missile a t  the design b & ~ h  nwnber of 0~85.  
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Perf ormnce ObJective 

b e  perfomnance objective of the Lark missile is t h a t  it be capable 
of a t ta in ing  a 4 g maneuvering acceleration while f ly ing  with the body 

w 

a t  0' angle of a t tack a t  a b c h  number of 0.85 a t  25,000 f e e t  a l t i t ude  
with one-quarter fue l  load. The weight of t h e e r i s s i l e  w i t h  t h i s  f u e l  
load is 910 pounds and the center of gravity is a t  20 percent of the 
wing chord. (See reference 2.)  F l ight  accelerations were calculated 
using t e s t  data f o r  the model trimmed a t  zero angle of a t tack with the 
horizontal  w i n g  f laps  deflected 50' (fig.  20). The data inbioaM 
the  missile with the 16-209 wing could a t t a i n  a maneuvering acceleration 
of 2.7 g, and t h a t  with the 64~-209 wing it could a t t a i n  an acceleration 
of 3.0 g under these conditions . 

Nose Pressures 

The pressures over the nose of the node1 (figs . 22, 23, and 24) 
were recorded primarily f o r  use i n  the development of the angle-of- 
a t tack  s tab i l iza t ion  sys ten  of the missile . 

C OnTCLE IONS 

The high4peed wind-tunnel t e s t s  of the 0. ?--scale model of the 
Fa i r ch i ld  Lark indicated the following : 

1. Rolling th i s  missile 22.5O has no serious e f f ec t  on the s t a t i c  
longitudinal s t a b i l i t y  . 

2 ,  The missile with the t e s t  model configuration w i l l  not a t t a i n  
the desired maneuvering accelerations even with the horizontal wing 
f l aps  deflected 90'. 

3.  The wake due t o  the forward portion of the fuselage causes a 
ro l l ing  moment when the ve r t i ca l  wing f laps  a re  deflected with the 
missile a t  angles of a t tack other than oO., A similar ro l l ing  moment 
probably ex is t s  with the horizontal wing f laps  deflected when the 
missile is sideslipping or yawed. 

4. The f laps  on the NACA 1 6 a e r i e s  wings were ineffective a t  
smll  deflections , part icular ly a t  the higher Mach numbers. Subs t i t u t l o a  
of the NACA 6 4 ~ ~ 2 0 9  sections al leviated this condition becawe of the 
smaller t r a  iling-edge angle. 

Ames Aeronautical Laboratory, 
Nztional Advisory Committee for  ~ e r o m u t i c s ,  

Moffett Field,  Calif .  
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TABLE 1.- DIMENSIONS OF O.!j+CAIX MOWL OF 
THE: XSM-2 F A I R 0  LARK 

Fuselage 

Length. over.-a117 feet  . . . . . . . . . . . . . . . . . . . .  7.344 

Diameter. maximum. feet  . . . . . . . . . . . . . . . . . . .  0.708 

Wings 

Span. feet  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.092 

Chord. constant. feet . . . . . . . . . . . . . . . . . . . .  0.883 

Mean aerodynamic chord. feet  . . . . . . . . . . . . . . . . .  0- 883 

Angle of incidence. degrees . . . . . . . . . . . . . . . . . . .  0 
Dihedral. degrees . . . . . . . . . . . . . . . . . . . . . . . .  0 

. . . . . . . . . . . . . . . .  Section. horizontal wing NACA 16-209 

Trailing-edge angle. degrees . . . . . . . . . . . . . . . . .  22 

Section. vertical wing and alternate horizontal wing . . NACA 16-009 

. . . . . . . . . . . . . . . . .  Trailing-edge angle. degrees 22 

Section. second alternate ho r i~on ta l  wing . . . . . . .  NACA 64~-209 

Trailing-edge angle. degrees . . . . . . . . . . . . . . . .  10.7 

. . . . . . . . . . . . . . . . . . . . . . .  Area. square feet 2.73 

Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.50 

SweepJdegrees . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Flap span (each). feet  . . . . . . . . . . . . . . . . . . . .  1.143 

Flap chord (20 percent c). feet . . . . . . . . . . . . . . .  0.177 

Tail Surfaces 

Span ( i n  plane of swface). feet  . . . . . . . . . . . . . . .  2.021 

Chord. constant. feet  . . . . . . . . . . . . . . . . . . . .  0 642 

. . . . . . . . . . .  Angle of incidence. degrees 0 (alternate $3) 

Dihedral. degrees . . . . . . . . . . . . . . . . . . . . . . . .  45 

Section . . . . . . . . . . . . . . . . . . . . . . .  NACA16-008 

T r a i l i n e d g e  angle. degrees . . . . . . . . . . . . . . . .  19.6 

Area ( i n  plane of surface). square feet  . . . . . . . . . . . . . . .  1.30 

. . . . . . . . . . . . . . . . . . . . . . . .  Sweepback degrees 1.6 
. . . . . . . . . . . . . . . . . .  Ruddervator span (each). feet  0.571 

. . . . . . . . . . . . .  Rudderv~ttor chor & (20 percent cTt). feet  .0.128 

Tail length. feet . . . . . . . . . . . . . . . . . . . . . . . . .  3.05 

CONF' IDENTIAL 





Figure 1,- The 0 . p c a l e  model of the XSAM-N-2 Fairchild h r k .  

Figure 2.- Location of nose pressure orif ices. (a) Normal and al ter-  
nate noses with orifices 45' from the ver t ica l  plane. (b) Normal 
nose with orifices on horizontal and ver t ica l  planes. 

Figure 3 .- Photograph of the 0, +scale model X S W - 2  Lark i n  the Ames 
16-f oot high-speed wind tunnel. (a) Front view. (b) Rear view. 

Figure 4.- Variation of l i f t  coefficient with angle of attack. 6fh, 
Sfv. it = oO; wh, 16-209, Wv, 16-009. (a) Unrolled. 

Figure 4.- Concluded, (b) Rolled 22.5'. 

Figure 5.- Variation of l i f t  coefficient with angle of attack fo r  tho 
model with three different horizontal wings, less  tail. fjfh, 6fv = 0'. 
(a) M, 0.40, 0.65, 0.75, 0.80. 

Figure 5.-Concluded. (b) M, 0.825, 0.85, 0.875, 0.90, 0091* 

Figure 6.- Variation of l i f t  coefficient with dreg coefficient a t  various 
c! k c h  numbers. C5fh, !fv, Sf t, it = 0'; Wh, 16209; Wv, 16-009. 

(a) Unrolled. 

gigure 6.- Conqluded,, fb) Rolled 22.5'. 

Figure 7.- Variatiori of l i f t  coefficient with drag coefficient fo r  tnhe 
model with t q e  different horizontal wings, less  tail. Sfh, 6 f ,  = oO. 
(a) M, CY.h-Q,'" 0#65, 0.75, 0.80. 

Figure 7.- Concluded. (b) M, 0.825, 0.85, 0.875, 0.90, 0.91- 

Figure 8.- Variation of drag coefficient with &ch nmber a t  various 
angles of attack. %, gfv, sf ,, it = oO; wh, 16-209, wv, 16aoga 
(a) Unrolled. 

Figure 8.- Coacluded. (b) Rolled 22.5'. 

Figure 9.- Variation of drog coefficient with Mach number f o r  the $ode1 
with three different  horizontal wings, less  t a i l .  qfh, fipV = 0 . 

Figure 10 .- Vwiation of l i f t  cogff i c  ient  with pitching-mcment coeff i- 
cient. qh, 6fV, %t, it = 0 ; Wh, 16-209, Wv, 16409. (a) Unrolled. 

Figure 10.- Concluded. (b) Rolled 22.5'. 
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Fi~ure 11.- Variation of lift coefficient with pitching--moment coeffi- 
cient for the model with three different horizontal wings, less tail. 
5 ,  6fv = 0'. 

Figure 12.- Variation of lift-coefficient increment with horizontal flap 
deflection for three different horizontal wings, model less tail. 
a, 6. = 0'. (a) Horizontal wing 16-009. (b) Eorizontal wing 16-209. 

f v 
(e) Eorizontal wing 64~-409. 

Figure 13.- Variation of pitching-moment-coefficient increment with 
horizontal wing-flap deflection for three different horizontal wings, 
model less tail a,  6fv = oO. (a) Horizontal wing 16-009. (b) Hori- 
zontal wing 16-4209- (c) Horizontal wing 64~409. 

Figure 14. - Variation 02' drag-coef f icient i.ncrement with Mach number due 
to horizontal flap deflections for thee different horizontal wings, 
model less tail a, 5fv = 0'. (a) Horizontal wing 16409. (b) Hori- 
zontal wing 16-209. (c) Horizontal wing 64~209: 

Figure 3.5.- Variation with Mach number of d-rag coefficient for various 
combinations of horizontal- and vertical-flap ileflections. 
a. sf,, it = oO; ~ h ,  i.6--20?, w,, 1.6409. 

Figure 16.- Variation of rolling-moment coefficient ~ 9 t h  Mach number 
for -various angles of attack with various combinations of horizontal- 
and ~erticaz-flap deflections. EfL, it = 0'; Wh, 16-209, WIT, 16-009. 
fa) tjfv, 10'; 6 , -30'. (b) afr, lo0; S 300. ( c )  Sf,, 10'; 

fh hJ 
6 200. (d) Sf , 20'; Sfh, 30011 (e) fjfv, 20°; 6 20'. 
fh' v fhJ 

Figure 17.- Pitchi.ng-moment-coefficient increments due to ruddervator 
deflections at. various Mach numbers. a, 6fh, ;Sfp, it = 0'; Wh, 
164099 w,, 16-009. 

Figure 18.- Pitching-moment-coefficient increments due to tail inci- 
dence variation at vsrious Mach numbers. a, 6fh, fifv, 6ft= 0'; 
Wh, 16-209, FIv, 16-009. 

Figure 19.- Variation of stabilizer effectiveness with Mach number 
for several wing flap deflections and with the wings off. 

a = oO; a, Bft~ P, wk9 16-209, wv, l6aog. 
Figure 20,- Variation of pitching4oment coefficient with lift coeffi- 

cient for various deflections of horizontal wing flaps and rudder- 
vators at a Mach number of 0.85. a, afv, it = 0'; Wh, 16-209, 
W,, 16-009. 



Figure 21.- Varieticm of pitching-moment coefficient with l i f t  
coeff ic ient  f o r  various tail incidences and horizontal wing-flap 
deflections a t  a Mach num3er of 0.85, with and without t a i l ,  
a, 6fv) sf.t = 0"; Wh, 16-209, W,, 16-009. 

Figure 22.- Variation of pressure coeff ic ient  w i t h  &angle of a t tack  a t  
various nose or i f ices  of the m m l  nose. Orif ices 45' t o  ve r t i ca l  
plane as shown i n  figure 2(a). (a) Orifice A. (b) Orifice 33. 
(c)  Orifice C.  

Figure 22 .- Concluded. (d) Orif ice  D. (e) Orif ice E, 

Figure 23.- Variation of presswe coeff icient  with angle of a t tack a t  
various nose or if ices  of the normal nose, Orifices in  horizontal 
and ve r t i ca l  planes as shown i n  f igure 2 (b)  , (a) Orif ice  A'. 
(b) Orifice B l .  (c) Orifice D'. 

Figure 23 .- Co~cluded. (d) Orif ice  C '. (e) Orif ice  El. 

Figure 24.- Variatian of presswe coeff icient  with angle of nttack 
a-1; various irose or i f ices  of the a l te rna te  nose. Orifices 45' t o  
ve r t i ca l  plane as  shown in f igure  2 (a). (a) Orif ice  A. 
(b) Orifice B. (c) Orifice C. 

Figure 24.- ConcludoO. (d) O r i f  ice D. (e) Orifice 3. 



A// dimensions in feet 
2344 -el 

Side view 

fguure L - T%e 0.5-scole model of the XSAM-N-2 FoiichiM Lork. 
C O N F l D E N l  ~ A L  



\L~/ternote nose 

Front view 

\- Normal nose 

Side view 

foj Normal and alternate noses w M  orifices 45* 
frsm the verticut' plane. 

Front view Side vie w 

fb) Normol nose with orifices on horizontal and 
ver tic01 plones . 

Fipure 2. - Locoiion of nose pressure orific6s. 
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-8 -4 0 4 8 /2 16 
I 

Angle o f  cffack, Q, deg 
I 

Pi'pure 4. - V~rikption of /iff coefficient with onp/e of  attack. $ , 
sf, ,it = 0'; Wh.16-209, W, ./6-009. 



-4 0 4 8 /2 /6 
I 

Ang/e o f  attack, a ,  deg 
I .: 
I I 1 1 1 1  

0 of 0 
I  

0 8 0 0 0  
I  I I I I  

for M of .65 .75 .85 

(b) Rolled 22.5P 

Figure 4. - Concluded. 
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-8 - 4  0 4 8 /2 /6 
I 

Angle o f  o t t a c k , ~ ,  deg 

for M of .8&5 
I 

.85 .8k .90 .9/ 
Symbol A d d 6 d 

Figure 5 .  - Concluded. 
G O  W F I D E N T I ~ L  

~ A ~ ~ O N A L  ADVIX)~Y C O M M I T T E E  F O R  A E R O N A U T U S  



I 
0 .04 .08 .I2 .I6 .20 .24 .28 .32 

I Drug coefficient, CD 

I 
c, o f  q 

for M of .4 

(a) Unrolled. 

figure 6.- Variation of l ift  coefficienf with drag coefficient at various 
Mach numbers. &j, , Sf,, , Sf, , if = 0'; Wh ,/6-209, Wv ,/6-009. 

C O N F I D E N T I A L  
NAT~ONAL A D V I S ~ Y  C O M M I T T E E  FOR AERONAUTK5 





1 Drag coefficient, CD 

for M of .40 .65 .75 .80 
Symbol 0 A v 0 

( 0 )  M, 0.40, 0.65, 0.95, 0.80. 
Figure 7.- Variation of l i f t  coefficient witb drag coef f ic ient  for  the model  witb 

three different horizontal wings, less tail .  am, = 0: 
C O H f  I O E W T I A L  
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Moch number, M 
( 0 )  Unrolled . 

f igure 8.- Var iat ion of  drag coef f ic ient  with Mach 

number st various angles of attack.  4 
#f,# &ft# 

it so0; Wh 16-209, W v ,  16-009. 

C O N F I D E N T I A L  
VAI lONAL ADVISOQY COMMITTEE FOR AERONAUTUS 
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t= 
-2 
$ ./ 6 
0, 
0 
Ll 

tn ./2 
P 
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.O8 

.04 

0 
.4 .5 .6 .7 .8 .9 

M@& number, M 

/ b )  Rolled 22.59 

Figure 8.- Concluded. 

C O N F I D E N  I l  A L  
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Horizontal wing 
16-209 

Mach number, A4 

Figure 9.- Var iat ion of drag coeff ic ient  with Mach number for the 

model with three different horizontol wings, less toil. h, SfV = OO. 



.2 0 :2 -$ :6 

  it chi&-moment coefficient, C, 
I 

I I I I I I  b b D oooow 
I I I I I I I I I  

( a )  Unrol led.  

figure 10.- W r i a t i o n  of l i f t  coef f ic ient  w i t h  p i tching - 
moment coefficient. ah, Sf,, aft, it Z O O ;  ~ h ,  16-209, 

C O N F I D E N T I A L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTK . 



I I I I  b o o o o  
I  I l l 1  

( B )  Rol led 22.50, 

figurer 10. - C o n c l u d e d .  

C O N f l D E N V l  A1 
. tn l lONAL ADVIWRY COMMITTEE FOR AERONAUTKS 





Horizon fa/ wing ffap deflection,sfh ,deg 
I I I I 

%of Q o I o ~ + c ,  I 

for A9 of .65 .75 .85 

(c)  Hor imta l  wing 64A-209 .  

Figure 12. - Variation of l i f t  - coefficient increment with horizontal 
flap deflection for three different horizonfial wings, model less 

I .  a,'+, = OP 



(0) Horizonfal wing 16- 009. 

(bl Horizonfol wing 16- 209. 

Horizonla/ wing flop def/ecfion, 6h, deg 
,, 

I I I I 

6;ch of  7 4 p + i + o  
for M of .65 .75 .85 

/c)  Horizonfol wing 6 4 A - 2 0 9 .  

Figure 13.- Voriofion of pifching-moment - coefficient increment wifh 

horizontal wing flop deflection for fhree differenf horizonto1 

wings, mode/ less to i /  I, Sf,, =oO 



Moch mmber, M 

f a )  Horizontal wing /6-009. (b) ffori~ontol wing /6-209. I c )  Horilontol win9 6 4 - 2 0 9 .  

Figure 14. -Variation of drag- coefficient increment with Moch num ber due to horimfol  flap defections 

for three different horizontal wings, model /ess tail.  (I, Sf,, =Of 
C O N F I D E M I  i n t  



.5 .6 .I .B .9 LO 

Mach number, M 

Figure 1.5.- Variation with Mach number of 

drag coefficient fo r  vurious combinations 

of horizontal and vertical f lop de f lectbons. 

a ,  6+, it S O ° ;  Wh, 16-209, W v ,  96-009. 

C O N F I O E M  I I A L  
N A ' l O h r A l  A D V I S O R  f L Q M M l I T E f  FOR AERONAUTIC ' 



.6 .7 .8 .9 1.0 .6 .7 .8 .9 1.0 
Mach number, M 

Figure /6. - Variation of rolling -moment coefficient with Mach number 
for various angles of attack with various combinations of Aoriiontui 
and verticol flop deflections. Sft ,it =Oo ; l4$,, 16-209, Wv,16-009. 

C O N F I O E N ~ ~ A L  
NATIONAI J'.DV'SORV COMMlTlEE FOR AERONAUTICS 





-3 -2 -/ 0 / 2 3 

Sfobi/ izer incidence, i t ,  deg 

Figure 18. - Pitching -moment- coefficient increments due to 

fa i l -  incidence va~iution at vorious Mach numbers, Q, 

Sfh, Sf =OO; Wh, 16 -209 ,  Wv, 1 6 - 0 0 9 .  
t 

C O N F I D E N  I 1/41 
N A : I O N A L  A D V I 5 O E  f (C)MMITlEE FOR A t R O N A U T I (  '. 



.6 .65 . 7 .75 .8 .85 .9 

Much number, M 

Figure 19. -- Voriufjon of stobi/ izer e f fect i  venesb with Much number 

for severol wing. flop deflections ond with the wings o f f .  Q, 6 
ft $ 

Qv =0°$ Wnt 16-209, W', 16-009. 

C O N F I D E N I  ~ A L  
NAl lOPJAl  C!'Vs<ORV ( O M M l l l f t  FOR ACRC)NAUlICS 



.6 .4 .2 0 -r2 

Pitching - moment coefficient, Cm 

figure 20.- Vuriation s f  pitching-moment coefficient with lift coefficient 

for vurious deflections of horirontul wing flops and rudder votors 
ot o Much number of 0.85. cl ,8 ,it = OO; &,/6-209 , W, ,/6-009. fv 

C O H F l O E H T l A l  
-rAl lONAL ADVISORY COMMlTlEE FOR AERONAUTICS 



Figure 21. - Voriotion of pitching-moment coefficient with lift coefficient 
for vorious toil incidences and horizontol wing flop deflections ot o 
Mach number of 0.85, with and without toil. a, &v . atl * 0'; +, 16-203 
w, ,I6 - 0 0 9  . 

C O N F I O E N  I I A L  
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