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FORCT AND MOMENT DATA 

By Lynn W . Hunton and Joseph K. Dew 

SUMMARY 

Wind-tunnel t e s t s  of a full-scale model of the Republic XF-91 
airplane having swept-back wings and a vee t a i l  were conducted t o  
determine both the s t a b i l i t y  and control character is t ics  of the model 
longitudinally, la te ra l ly ,  and directionally.  Configurations of the 
model were investigated involving such variables a s  external fue l  
tanks, a landing gear, trailing-edge f laps,  leading-edge s l a t s ,  and 
a range of wing incidences and t a i l  incidences. 

The Republic XF-91 airplane i s  a jet- and rocket-powered inter- 
ceptor f ighter  having a swept-back and inversely tapered wing and a vee 
t a i l .  In  view of the problems of s t a b i l i t y  and control l i ke ly  t o  be 
encountered with such a unique design, the U.S. A i r  Force requested 
tha t  an investigation be made of a full-scale model i n  the Ames 40- by 
80-foot wind tunnel. The f i r s t  par t  of the investigation, reported i n  
reference 1, consisted of t e s t s  of the wing alone and of the wing- 
fuselage combination. For the second part  of the full-scale iqvestiga- 
t ion,  consisting of the determination of the general s t a b i l i t y  'and 
control character is t ics  of the complete model together with pressure 
measurements over the wing fue l  tanks and vee t a i l ,  the model was 
modified s l ight ly  t o  make the configuration comparable t o  the current 
design of the airplane. This modification was comprised of (1)  a 
change from a discontinuous t o  a continuous leading-edge s l a t ,  2 a 
replacement of the s p l i t  f laps  with p la in  trail ing-edge flaps,  131 the 
addition of a ventral  f in ,  and (4)  the reorientation of the rocket motors 
i n  the t a i l .  Pr 
s t a b i l i t y  and co 
measurements are t o  follow i n  a 
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The re su l t s  of the t e s t s  a re  presented a s  standard l'?ACA coeff i- 
c ients  of forces and moments. A l l  force data are  referred to  the 
wind axes and a l l  moment data a re  referred t o  the s t a b i l i t y  axes S 

originating a t  a center-of -gravity zosi t ion located on the wing chord 
plane and a t  0.18 mean aerodynamic -chord. The positive directions 
of the s t a b i l i t y  axes, of angular displacements of the airplane and 
control surfaces, and of forces and moments a re  shown i n  figure 1. 

9 

The coefficients and symbols a re  defined a s  follows : 
/ \ 

CL l i f t  coef f i c  ient  

CD drag coefficient 

C~ 
side-f orce coefr ic ient  (side force) 

ss 1 

p i  tching-moment coeff ic ient  (pitch:; moment c, 

(42 yawing-moment coeff ic ient  

rolling-moment coeff ic ient  (r011i;;~moment 

hingelnoment coeff ic ient  
fhinse 

Ch ' 2qM 

d-cm 
Br; ra te  of change of pitching-oment coefficient with 

incidence of the t a i l ,  per degree 

b wing span measured perpendicular t o  plane of s,ymmetry, f e e t  

loca l  wing chord, f e e t  

wing mean aerodynamic chord 

t i . 
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w incidence of the wing t o  the fuselage reference axis,  
degrees 

it incidence of the t a i l  t o  the fuseJage reference axis,  
degrees 

M f i r s t  moment of control-surface area a f t  of hinge l i n e  ... 
about hinge l ine  ( M ~ ~  = sL = 5.06 ft3; % = %L = 
22.11 f t 3 )  R 

9 free-stream dynamic pressure, pounds per square foot  

S wlng area, square f e e t  

Y l a t e r a l  coordinate, perpendicular to  plane of s v e t r y ,  f e e t  

a angle of a t tack of fuselage reference axis,  degrees 

% angle of a t tack of wing chord plane, degrees 

1 P angle of s idesl ip ,  degrees 
4 r""; 
j 1 6 angular deflection measured 2erpendicular t o  hinge l ine ,  
I degrees 
1 

d * 
f Subscripts 

a i leron 

single elerudder surface, or both elerudder surfaces 
used f o r  pure elevator action 

both elerudder surfaces used fo r  pure rudder action 

plain trailing-edge f laps  

l e f t  

r igh t  
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MODEL AND EQUIPMENT 
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The full-scale model of the XF-91 airplane used i n  these t es t s  
was basically the same model used in the t es t s  reported in  reference 
1 with the exception of the following moclifications: (1) the lower 
two rocltets, formerly grouped side by side just below the je t  exhaust 
pipe, were rearranged with their  axes tn a vertical plane, (2)  a 
ventral f i n  was installed, (3) a Tee t ~ i l  was ingtalled, (4) the former 
s p l i t  trailing-edge flaps we9e replaced by plain trailing-edge flaps, 
sad (5) the fdl-s'pan draoped-.slat installation was modified t o  
eliminate the fomer midgpm discontinuity reported i n  reference 1. 
Detailed pertinerie dimensions of the oosnplete model are presented i n  
table I, and i n  figure 2 i s  shown e, three-view drawing of the model. 

The wing had a sweepback of 37.5' of the on+qumter chb~d  i ine  
and was inversely tapered. The incidence of the wing with respect 
t o  %he fuselage axis was adjustable from 0' t o  6'. A detailed 
description of the wing layout em be found i n  reference 1; a table 
of section ordinates i s  given in  figure 3. 

The wings were equipped wlth two euxxilimy-lift devices: partial- 
s p a ,  trailing-edge, plain flaps suld full-span, Leading-edge, drooped 
s la ts .  The plain flaps were constant-percent chord and could be 
deflected t o  30°, 40O, or 50'. The drooped slczts had a constant- 
percent chord and were extended forward 'nd rotated downwardly as 
shown by the detailed sketch of the s l a t  configuration given in  + 

figure 4. Because of th i s  constant extension along the span, in  
conjunction wtith the cofistmt-percent chord of the surface, the s l a t  
t ra i l ing edge a t  the inboard p ~ r t  of the wing was ahead of the leading 
edge of the fixed part of the wing; t o  evaluate th i s  effect, a temporary 
modification of the s l a t  t ra i l ing edge was made t o  obtain a constant 
overlap. (see f i g ,  4. ) 

The ailerons on the model had a constant-percent chord and were 
internally balanced and sealed as .shown in  .figure 4. The balctnce area, 
including one-half of the seal area and allowing for cutouts, was 
equal t o  30 percent of the aileron area a f t  of the hinge line. 

The v e e t a i l  surfaces on the model had 38' of dihedral, were 
untapered, and had 40° of sweepbmk in  the plan view. The incidence 
of the vee t a i l  was adjustable t o  fixed settings o,f -2,2', oO, or 1.8' , 

i n  a vertical plane through the axis of symmetry. The section ordinates 
are presented in  table 11. The elerudders were internally sealed and 
balanced, and had a chord a f t  of the hinge l ine  of 30 percent; of the 



NA!A RM No, S49C04 

t a i l  surface chord.   he balqpce area including one-half of the 
sea l  area was about 29 percent of the elerudder area a f t  of the 
hinge l ine ) .  A trim tab was Located on the r ight  elerudder. A 
cross sectiop o r  the tab is shown in  figure 4 and de ta i l  dimensions 
are given i n  table I, 

The r igh t  aileron and both elerudders were each equipped with 
an e lec t r ic  actuator, a selsyn-type indicator, and an e lec t r i ca l  
resistance-tuvpe s t ra in  gage for  remote control, indication of def lec- 
t ion angle, and indication of hinge moment, respectively , 

Additional equipment on the model included two Jettisonable 
external f ue l  tanks and a tricycle landing gear, The external tanka 
were mounted on fal.ring s t ru t s  beneath the wlng and a t  an incidence 
of -bO to  the wing a s  shown in figure 2. The landing gear, with dual 
maiwgqar wheels i n  tandem, retracted outwardly into the t i p  of .the 
wing. F 

m 

Shown i n  figures 5(a) through 5(c) are photographs of the 
instal lat ion of the model i n  the tunnel t e s t  section. The conven- 
t ional  three-atrut support system was used, but the direction of the 
supports were reversed i n  the a i r  stream in  order to  gain additional 
angle-of -attack and an@le-of -slideslip ranges. 

A l l  the t e s t s  were perf owed a t  an average dynamic pressure of 
approximately 40 pounds per square foot, which for  sea-level condi- 
t ions corresponds t o  a velocity of about 125 miles per hour and a 
Reynolds number of 11.5 x lo6 based on the wing mean aerodynamic 
chord of 10.59 fee t .  

S tabi l i ty  tes ts ,  f o r  the various configurations of theornodel, 
were conducted (1) throu* an angle-of-attack range from -2 to  the 
wing s ta l l ing  angle a t  c o ~ s t a n t  angles of s idesl ip and (2 )  through 
an angle-of-sideslip range from 4' t o  -12' a t  constant angaes of 
attack. 

Control studies of the aileron and elerudder, fo r  various 
configurations of the model, included (1) t e s t s  through an angle- 
of -attack range wi th  fixed angles of control-surface deflection and 
(2)  t e s t s  through a range of control-surface deflections a t  constant 
s@es of both attack and sideslip. Only the r ight  aileron was 
tested. 
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A l l  the % s t  data have been c o ~ r e c t e d  f o r  Jet-boundary e f fec t s  
and incl inat ion of the a i r  stream. The wall corrections added t o  the 
ang;te of attack, drag coefficients,  and pitching+ment coefficients 
were a s  follows: 

  he correction t o  the pitching-noment coeff ic ient  is based 6n an 
assumed value of dc,/dit = 4 . 0 3 .  Since the actual  tail-incidence 
data subsequently obtained and shown herein indicate a lower value, 
the longitudinal-stabili ty r e su l t s  thus presented are  s l igh t ly  i n  
e r ro r  equivalent t o  a forward s h i f t  of the neutral  point of 0.9 
percent mean aerodynamic chord. ) 

No tares  of the support s t r u t s  were applied t o  the data reported 
herein. With the exception of the drag tare,  the ta res  a re  known t o  
be r e l a t ive ly  s m a l l .  I n  reference 1, the drag t a re  was reported t o  
be of the order of 0.0030 a t  zero l i f t ,  However, f o r  the present 
t e s t s  a s  a r e s u l t  of the presence of large bundles of tubing taped 
around the support-strut t ips ,  the drag-coeff i c  i en t  ta re  increased 
t o  approximately 0.0120 a t  zero l i f t  f o r  a l l  the t e s t  configurations 
except those involving the wing tanks. Since the tanks shrouded the 
s t r u t s  a s ignif icant  reduction i n  the drag ta re  would be anticipated, 
although the order of maqitude of the reduction i@ not known owing 
t o  the questionable extent of interference e f fec t s  between the tank 
and the support-strut fa i r ing ,  

RESULTS AND DISCUSSION 

An outline of the model configurations tested, the r e su l t s  
presented, and the f igures  i n  which the r e su l t s  may be found is 
given i n  table  111. Throughout the resu l t s  presented herein, unless 
noted otherwise, the following notation: gear, drooped s l a t s ,  or 
f l aps  w i l l  denote the complete landing gear f u l l y  extended; the 
full-span, leading-edge drooped s l a t s  deflected a$ shown i n  figure 
4; and the trailing-edge p la in  f l a p s  deflected 40 , respectively. 
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i S t a b i l i t y  Characteristics 

The r e su l t s  of the investigation of the general s t a b i l i t y  
character is t ics  of the various model configurations involving 
combinations of the tanks, gear, drooped s l a t s ,  and f l aps  a r e  
presented i n  f igures  6 t o  26. Since the or iginal  design of the 
airplane cal led f o r  a v ~ r i a b l e  incidence of the wing (6' f o r  take- 
off , landing, and hi&-a3cltude cruisa ; O0 f o r  climb and high- 
speed a t  low alt i tude),  data were obtained, throughout t h i s  investi- 
gation, a t  e i the r  or both 0' and 6' incidence of the wing, depending 
on the configuration under t e s t .  I n  figures 17 and 18 is shown 
the e f f ec t  of the p a r t i a l l y  extended r igh t  landing gear on the a i r -  
plane (simulating a malfunctioxling gear). A sketch is included i n  
the figures detai l ing the gear posit ion re la t ive  t o  the wing. I n  
figure 21 a re  presented the r e su l t s  of t e s t s  of the drooped-slat 
modif ic3tion ( f Q . 4 )  consisting of an extension of the s l a t  t r a i l i n g  
edge. A s  is  evident i n  the data, the addition of the extension s t r i p  
did not a l t e r  the efficiency of the drooped s l a t  a s  an auxi l iary- l i f t  
device. 

With the addition of the complete gear t o  the model. there 
i occbrred an unstable break i n  the pitcbingaoment curve a t  a l i f t  
i f \  coeff icient  of about 0.7. I n  figure 10, only s l igh t  indiuations of 
i t h i s  break appear i n  tile data; whereas i n  f igure 12, which shows 

data obtained with the drooped s l a t  deflected, the abrupt change i n  
1 s t a b i l i t y  is c lear ly  evident. ,Because of t h i s  s t a b i l i t y  change, a 

few additional t e s t s  were ini tqated i n  an attempt to  i so la te  the 
par t icular  p a r t  of the gear responsible f o r  the trouble. The r e su l t s  
of these additional t e s t s  a re  presented i n  f igures  27 t o  31. By 
systematically removing various pa r t s  of the gear it was found tha t  
the break i n  s t a b i l i t y  was at t r ibutable  mainly t o  the large main- 
gear doors, a s  may be seen i n  f igure 27. Tests of the ma'in-gear 
doors alone, shown i n  f igures  29 and 30, indicated an unstable s h i f t  
in  the neutral  point of approximately 4 percent a t  a lift coeffi- 
c ien t  of about 0.75, e i the r  with t a i l  on or t a i l  off .  Thus, the 
likelihood of a change i n  domwash a t  the t a i l  due t o  the doors may 
be excluded from the problem. Instead, theyefore, the problem would 
appear t o  be associated with a s h i f t  in Location of the aerodynamic 
center of the wing caused by a redis t r ibut ion i n  wing loading. Owing 
t o  the angular posit ion of the gear doors (giving a drooged-tip 
e f f ec t ) ,  it is believed tha t  separation occurred a t  the leading edge 
of the door when the wing was a t  an a t t i tude  of about 6' (CL 5 0.75) 
which would then spo i l  the flow over the re la t ive ly  large t i p  of the 
wing. Such a flow condition, although not extensive enough t o  be 
evident i n  the over-all l i f t -  and drag-f orce resu l t s ,  could nevertheless 



s h i f t  the center of pressure inboard, resul t ing i n  a desta- 
b i l iz ing  pitching moment. 

The t a i l -o f f  s t a b i l i t y  of the model, both in the clean condition 
and with gear, drooped s l a t s ,  and flaps,  is indicated by the data 
presented i n  f igures  32 t o  35, The basic model f o r  these t a i l -o f f  
t e s t s  differ8 from tha t  reported i n  reference 1 by the addition of a 
ventral  f i n  and the relocation of the rocket lnotors as described 
previously i n  t h i s  report .  

Control Characteristics 

The effectiveness of the r i g h t  a i leron f o r  several different 
configurations of the model is indicated i n  the r e su l t s  presented i n  
f igures  36 t o  53. Included i n  the investigation were t e s t s  t o  deter- 
mine the e f f ec t  of a pa r t i a l ly  extended gear on the ai leron effec- 
tiveness and hinge-moment character is t ics .  These r e su l t s  a re  shown 
i n  f igures  42 t o  44. 

The character is t ics  of the vee t a i l  a r e  given i n  f i w e s  54 t o  
72. For the majority of t h i s  investigation, t e s t s  were conducted on 
only the r i g h t  elerudder, Th.~ough such a t e s t  procedure both the 

- />'*+b 1 

longitudinal- and directional-control character is t ics  a re  obtained ., P 

simultaneously. Furthemnore, the data i n  t h i s  form are  believed t o  
be of greater value f o r  purposes of a detai led analysis of the vee- 
tail control problem than would be the case if the r e su l t s  were i n  
the form of a composite of two d i f fe rent ia l ly  dofleeted surfaces, 
However, sinse the r e su l t s  of such a t e s t  procedure would be open 
t o  question a s  regards the e f fec ts  of interaction, a few additional 
t e s t s  were conducted on the effectiveness of the complete t a i l  (both 
r i g h t  and l e f t  elerudder surfaces) operated f o r  pure eleva'For action 
(f ig.  71) and f o r  pure rudder action ( f ig .  72). By a comparison of 
these r e su l t s  w i t h  those of the single elerudder surface, it was 
found tha t  the e f fec ts  of interaction were v i r tua l ly  nonexistent. 

The effectiveness of e i ther  a variable wing incidence or a 
variable t a i l  incidence a s  a 1ongitudinal-c ontrol device is shown 
i n  f igures  73 t o  75 and 76 t o  77, respectively, f p r  several conf igura- 
t ions of the airplane. 

Ames Aeronautical Laboratory, 
Ne t iona l  Advisory Committee f o r  AeronauCics, 

Moff e tt Field, Oalif . 
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TABII I 

MODEL DfMElWIOMS 

Wing 

Area, sq f t  ( t rue ) .  . . . . . . . . . . . . . . . . . . . . 320 
span2, f t  . . . . . . . . . . . . . . . . . . . . . . . . 31.33 
Sweep of 0,2&hord l ine  deg. . . . . . . . . . . . . . . . . 37.5 
M. A *  C.) f t  . . . . . . . . . . . . . . * . . . . . . . . 10.59 
Aspect r a t i o  , . . . . . . , . . . . . . . . . . . . . . . 3.07 
Taper r a t i ~  ( inverse) . . . . . . . . . . . . . . . . . . . 1.63 
Root chord , f t  . . . . . . . . . . . . . . , . . . . . . . 7.92 
Tip chord, f t  . . . . . , . . . . . . . . . . . . . . . . . 12.88 
Dihedral, deg. . . . . . . . . . . . . . . . . . . . . . . . 0 
T w i ~ t ,  deg. . . . . . . . . . , . . . . . . . . . . . . . . 0 

Drooped S l a t  (retracted - - one side) 

Span, ft. . . . . . . , . . . . . . . . . . . . . . . . . . 12.60 
Chord, percent wing chord . . . . . . . . . . . . . . . . . 15.3 

Aileron (one surface) 

Area, a f t  of hinge l ine,  sq f t  . . . . . . . . . . . . , , 19.14 
Span, ft. . . . . . . . . . , . . . . . . . . . . . , , . . 6.13 
Chord, a f t  of hinge l ine  a t  inboard edge, f t . . , . . . . . , 2.86 
Chord, a f t  of hinge l ine  a t  outboard edge, f t . ' , . , . , . 3.39 
Area of s tructural  balance plus one half seal  erea, sq ft . 5.77 
Bflec t ion  range, deg . . . . . . , . . . . . . . . . . . . - 4.8 

Plain f l ap  (one surface) 

Chord, percent wing . . . . . , . . . . . . . . . . . . . . 27 
Span, percent wing . . . . . . . . . . . . . . . . . . . . 41 
Deflection, deg . . . . . . . . . . . . . , . . . ,30, 40, and 50 

2 
A 1 1  spans are measured perpendicular t o  the plane of symmetry unless 

otherwise noted. 
3~11 chords are measured para l le l  t o  the plane of symmetry. 
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TABLE I. - CONCLUDED 

M O I L  D r n r n I O E  

Empennage ( to ta l )  

Area, sq f t 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Bue 80.00 . . . . . . . . . . . . . . . . .  Horizontal projection 63.04 . . . . . . . . . . . . . . . . . . .  Vertical projection 49.25 

. . . . . . . . . . . . . . . . . . . . . . . . .  Span, f t  . . . . . . . . . . . . . . . . . .  Sweep, (plan view) deg . . . . . . . . . . . . . . . . . . . . . . .  M . A .  C. ,  f t  . . . . . . . . . . . . . . . . . . . . . . .  Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . .  Dihedral, deg . . .  M. A. C.  distance above fuselage reference line, f t  
M. A. C . distance measured perpendicular t o  plane 

of syntnetry, f t  . . . . . . . . . . . . . . . . . . . .  
Distance from 6.25 M. A,  C .  of wing to  0.25 M. A ,  C. . . . . . . . . . . . . . . . . . . . . . .  of t a i l ,  f t  

Elerudder (one surface- - measure& in plane of surface) 

. . . . . . . . . . . . . .  Area, a f t  of hinge l ine,  sq f t  10.23 . . . .  Span, perpendicular to  fuselage reference l ine,  9 t  8.67 . . . . . . . . . . . . . . .  Chord, a f t  of hinge line, f t  1.18 . . . . . . . . . . . . . . . . .  Deflection range, deg -35 to  25 
Area of s tructural  balance plus one-half' sea l  area,sq f t  . 2.99 
Inboard edge location from fuselage reference l ine,  f t  . . 1.00 

Elerudder trim Wb (r ight  surf ace- - measured i n  plane of surface ) 

. . . . . . . . . . . . . . . . . . . . . . .  Area, s q  f t  1.31 . . . .  Span, perpendicular t o  fuselage reference l ine,  f t 2.64 . . . . . . . . . . . . . . .  Chord, a f t  of hinge line, f t  0.49 
Deflection range, deg . . . . . . . . . . . . . . . . . .  &20 
Inboard edge location from fuselage reference line, f t  . . 1.00 

CONFIDENTIAL 
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TABLE I1 

VEE TAIL ORDINATES 
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I 
i VEE TAIL 
I- 

I 
STATION -I ORDINArn , 
PERCENT PERCENT I 

CHORD 
! 

0 5 i 0.788 
75 

1.25 1.240 
2.5 
5.0 1 2.421 
7.5 2.915 1 
10, 1 3.307 i 
15 I 3.903 
20. 
25 
30 
35 

4.635 
4.841 
4.961 i 

4.0. 5.000 1 
45 

I 50. 1 55. j 4.635 
1 60. 4.347 1 

5.078 , 
80. 
85 * 
90. 
95. 

I 96. 
I 98. 

100. 

2.583 I 
2.007 1 
1.369 
.So5 
558 
.280 

I L 
L.E. radius : 0.625 
percent chord 

T.E, angle: 16.11~ 
I _ - I 





TABLE 1x1. - COWTIMUED 

i Wing 
%%era1 Co&i.gwa t ion  b t a  Presented 

r / Sbbili t y  

Drooped s l a t s  + f l aps  0 CJ-, a Cm Cy Cn C 2  VS CL 

*-- 19 

do 
I 
! 

Cy C z  cn CL c, vs P 
I do a 

6 1 CD a C, vs CL s l a t  modi-1 21 
I 
I i f i ca t ion  

: Drooped s l a t s  CD a Cm Cy Cn C 2  vs CL 1 P 22 
g- ! Cy C t  Cn CL Cm Ve B f a 
zi I 
H 1 

clean CD a Cm vs CL 
I i 

CD a C, Cy Cn Cz vs CL 13 25 , 
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Figure 1,- Sign convention f o r  the standard MACA coefficients.  A l l  
forces, moments, angles, and control-surface deflections are shown 
a s  3osi t ive.  

Fi. @ire 2 .- Three-view &awing of the Republic XF-91 ful l -scale  model. 

Figure 3.- Details of the Republic XF-91 inverse-taper wing. 

Figure 4.- Drooped s l a t ,  aileron, and elerudder cross sections. 

Figvse 5.- Views of the t e s t  ins ta l la t ion  of the ful l -scale  model of 
Republic XF--91 i n  the Ames 40- by 80--foot wind tunnel. (a)  Three- 
quarter f ront  view of the clean model, 

Figure '5:- Continued. ( b )  Front view of the model with tanks a t  a 
negative angle of s idesl ip .  

Figure 5 .- Concluded, ( c )  Three-quarter rear  view of model with the 
gear, f laps,  and drooped s l a t s  extended. 

Figure 6 .-- Aerodynamic clmracteristics i n  pi tch of the model a t  
various angles of s idesl ip .  Plain wing. ( a )  i w ,  0' CD, a, 
Cm VS CL. 

Figure 6..continued, (b)  iw, OO; Cy, Cn, Ci! vs CL. 

Figwe 6.- Continued. ( c )  iw,  6O, CD, a, Cm vs CL. 

Figure 6.- Concluded. (d)  iw, 6'; Cy, Gn, Cz vs C z .  

Figure 7,- Aerodynamic character is t ics  i n  s ides l ip  of Yh.e model a t  
various angles of attack. Plain wing. ( a )  iw, 00; Cy, C z ,  Cn vs P .  

Figure 7.-- Continued. (b)  iw ,  0'; CL, Cm V S  P .  
Figure 7.-Continued. ( c )  iw, 6'; Cy, C l ,  Cn vs P. 
Figure 7.- Concluded. (df  i,, 6'; CL, Cm vs 

Figure 8 .- Aerodynamic character is t ics  i n  pitch of the model a t  various 
angles of s idesl ip .  E x t e r ~ a l  tanks : i w ,  0'. ( a )  CD, a, Cm vs CL. 

Figure 8.-  Concluded. ( b )  Cy, Cn, C2 vs CL. 

Figure 9.- Aerodynamic character is t ics  i n  s ides l ip  of the model a t  various 
angles of a t tack.  External h&s;  iv, 0'. ( a )  Cy, C 2 ,  Cm vs P .  

Figure 9.- Concl-uded. (b) CL, Cm vs P.  
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Figure 10.-Aerodynamic character is t ics  i n  pi tch of the model a t  
various angles of s ides l ip ,  External tanks; gear; iw, 0'. 
( a )  CI):, a, Cm vs CL. 

Figure 10.- Concluded. (b) Cy, Cn, Ct vs CL. 

Figure 11.- Aerodynamic character is t ics  i n  s idesl ip  of the model a t  
various angles of attack. External tanks; gear; iw, 0'. 
( a )  Cy, C2,  Cn vs P a  

Figure 11.- Concluded. (b) CL, C, vs P .  

Figure 12 .- Aerod-ynamic character is t ics  i n  pi tch of the model a t  
various angles of s idesl ip .  External tanks; mar ;  drooped s l a t s .  
(a )  iw, 0'; CD, a, Cm vs CL. * 

Figure 12.- Continued. (b )  3-w, 0'; Cy, Cn, C2. vs CL. 

Figure 12.- Continued. ( c )  &, 6'; CD, a, C, vs CL. 

Figure 12.- Concluded. (6) $, 6'; Cy, C,, C l  V 8  CL. 

Figure 13.-Aerodynamic character is i tcs  i n  s ides l ip  of the model a t  
various angles of attack. External tanks; g;ar; drooped slats. 
( a )  i,, 0'; Cy9 C 2 ,  C, vs P.  

Figure 13.- Continued. (b) b, oQ: CLr Cm vs P *  

Figure 13.- Continued. ( c )  iw, 6'; Cy, C, vs P -  

Figure 13.- Concluded. (d)  iw, 6'; CL, C, vs 

Figure 14 .-- Effect of plain f l a p  angle on the aerodynamic character- 
i s t i c s  of the model i n  pitch. Gear; drooped s l a t s ,  &, 6'. 

Figure 15.- Aerodynamic character is t ics  i n  pi tch of the model a t  
various angles of s idesl ip .  Gear; drooped s l a t s ;  $sin flaps.  
40'; i,, 6'. ( a )  CD, a, Cm vs CL. 

Figure 15.- Concluded. (b) Cy, Cn, % "8 C ~ *  

Figure 16 .- Aerodynamic character is t ics  i n  s ides l ip  of the model a t  
various angle$ of attack. Gear; &roopea s l a t s ;  $sin flaps, 40'; 
i,, 6'. ( a )  Cy, C T ,  C, vs P. 
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Figure 16.- Concluded. (b) CL, Cm vs P .  

Figure 17.- Aerodynamic character is t ics  i n  p i tch  of the model a t  
various angles of sideslip.  Rhght gear p a r t i a l l y  extended; 
drooped s l a t s ;  plain flaps,  40 ; iw, 6O. (a) CD, a, C, vs C z  . 

Figure 17.- Concluded. (b) Cp, Cn, C 2  VS CL. 

Figure 18,- Aerodynamic character is t ics  i n  s idesl ip  of the model at  
vmious angles of attack. Right gem p a r t i a l l y  extended; drooped 
s l a t s ;  p la in  f laps,  40°; &, 6 O .  (a) cp, C 2 ,  Cn vs B e  

Figure 18.- Concluded. (b) CL, Cm vs 9. 

Figure 19.- Aerodynamic character is t ics  i n  pi tch of the model at  
various angles of sideslip.  Drooped s l a t s ;  p la in  flaps, 40°. 
(a) &, 0'; CD, a, C, vs CL. 

Figure 19.- Continued. (b) iw, oO; Cy, Cn,Cz vs CL- 

Figure 19.- Continued. (c)  iw, 6 O ;  CD, a, C, vs CL. 

Figure 19.- Concluded. (d) iw ,  6'; Cp, Cn, C 2  VS CL* 

Figure 20.- Aerodynamic character is t ics  in  s ides l ip  of the model 
at  various angles of attack. Drooped s l a t s ;  p la in  flaps,  40'. 
(a )  i w ,  OO; Cy, C z ,  Cn vs P.  

Figure 20.-Continued. (b) i,, 0'; CL, Cm vs B. 

Figure 20.- Cuntinued. (c)  b, 6O; Cp, C 2 ,  Cn vs P .  

Figure 20.- Concluded. (d) i,, 6'; CL, Cn vs D, 

Figure 21.- Effect of the drooped s l a t  modification on the aero- 
dynamic character is t ics  of model i n  pitch. Plain flaps,  40'; 
i,, 6O. 

Figure 22.- AeroBynanic character is t ics  i n  p i tch  of the model a t  
various angles of sideslip.  Drooped s l a t s ;  h, 0'. (a) CD, 
a, Cm vs CL. 

Figure 22.7  Concluded. (b) Cy, Cn, C J  VS CL* 

Figure 23.- Aerodynamic character is t ics  i n  s ides l ip  of the model 
a t  various angles of attack. Drooped s l a t s ;  iw, 0'. (a )  Cp, 
Cg, Cn VS P o  

COrnIDENTIAL 
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Figure 23.- Concluded. (bf CL, Cm vs $ 0  

Figure 24.-Effect of plain f l a p  angle on the aerodynamic characbr-  
i s t i c s  of the model i n  pitch. h, 0'. 

Figure: 25.- Aerodynamic character is t ics  i n  pitch of the model a t  
various angles of s idesl ip .  Plain f laps,  40'; iw, 0'. 
( a )  CD, a , Cm v~ CL. 

Figure 25.- Concluded. (b) Cy, Cn, C J  vs CL. 

Figure 26.- Aerodynamic character is t ics  i n  s ides l ip  of the model a t  
various angles of attack. Plain flaps,  40'; iwJ 0'. (a )  Cy, CI1 
Cn vs f3. 

Figure 26.- Concluded. (b) CL, Cm vs f i e  

Figure 27.-Effect of different  par ts  of the gear on the aerodynamic 
character is t ics  of the model i n  pitch. Drooped s l a t s ;  plain f laps,  
40'; h, 6O. 

Figure 28.-Effect of the gear with main gear doors removed on the 
aerodynamic character is t ics  of .the model i n  s idesl ip .  Drooped 
s l a t s ;  p la in  f laps,  4.0'; iw, 6'. ( a )  Cy, C t ,  Cn vs P. 

Figure 28.- Concluded. (7.1) CL, Cm vs P. 

Figure 29.- Effect of the main gear doors on the aerodynamic character- 
i s t i c s  of the model i n  pi tch,  Drooped s l a t s ;  plain f laps,  40'; 
i,, 6'. 

Figure 30.-Effect of the main gear doors on the aerodynamic character- 
i s t i c s  of the mob1 i n  pi tch with tai l  removed, Drooped s l a t s ;  
plain f laps;  40°; iw, 6'. 

Figure '31.- Effect of the main gear oleo-strut doors on the aerodynamic 
character is t ics  of the model i n  pitch with the t a i l  removed. Gear; 
drooped s l a t s ;  plain f laps,  40'; iw, 6'. 

Figure 32 .-- Aerodynamic character is t ics  i n  pi tch of the model with 
t a i l  removed a t  various angles of s idesl ip .  Plain wing; iwJ 0'. 
( a )  CD, a, Cm vs CL. 

Figure 32.- Concluded. (b) Cy, C,, C 2  vS CL- 
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Figure 33 .- Aerodpmic character is t ics  i n  s ides l ip  of the model with 
t a i l  removed a t  various angles of attack. Plain wing; iw, 0'. 
( a )  Cy, C Z 3  Cn vs P .  

I Figure 33.- Concluded, (b) CL, em vs 0 .  

Figure 34 .- Aerodynamic character is t ics  i n  pi tch of the model with 
t a i l  removed a t  various angles of s idesl ip .  Gear; lGrooped s la t s :  
plain f laps,  40'; itw, 6'. ( a )  CD, a, Cm vs CL. 

F I @ ~ o  34.- Concluded. (b)  Cy, Cn, C 2  vs CL* 

Figure 35 .- Aerodynamic character is t ics  i n  s ides l ip  of the model with 
t a l l  removed a t  various angles of attack. Gear; drooped s l a t s ;  
plain f laps,  40'; iw, 6'. (a) c ~ ,  c ~ ,  C, vs D.  

F i w o  35.- Concluded. (b) CL, Cm vs 

Figure 36.- Effect of f ixed deflections of the r igh t  a i le ron  on the 
aerodynamic character is t ics  of the model i n  pi tch,  Plain wing; 
i w ,  0'. ( a )  a, Cm, C, vs CL. 

Figure 36.- Concluded. (b) CZ, Cha vs CL. 

Figure 37.- Variation with r ight  a i leron deflection of the aerodynamic 
character is t ics  of the model a t  several angles of attack. Plain 
wing; iw, 0'. ( a )  Cn, Cm, vs Ga. 

Figure 37.- Concluded. ( b )  C p ,  Cha vs 6,. 

Figure 38.- Variation with r igh t  a i leron deflection of the aerodynamic 
character is t ics  of the model in  s idesl ip  a t  several angles of a t tack,  
Plain wing; iw, 0'. (a)  Cn, Cm vs 6a. 

Figure 30.- Concluded. (b )  C Z ,  Cha vs 6a. 

Figure 38.- Effect of flxed deflections of the r ight  a i leron on the 
aerodynamic characterigtics of the model i n  pitch. Gear; drrooped 
slats; plain f laps,  40 ; iw, 6'. ( a )  a, %, Cn vs CL. 

Figwe 39.- Concluded. (b )  C z ,  Cha vs CL. 

Figure 40.- Variation with r i g h t  a i leron deflection of the aerodynamic 
character is t ics  of the model' a t  several angles of a t tack.  Gear; 
booped s l a t s ;  plain ' f laps,  40'; iw,  6'. ( a )  Cn, Cm vs 6a. 
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Figure 41  .- Variation with r i g h t  a i leron deflection of the aerodynamic 
character is t ics  of the model i n  s ides l ip  a t  several angles of attack. 
Gear; drooped s l a t s ;  plain f laps ,  40'; iw, 6'. (a )  Cn, Cm vs 6a. 

F i w e  41.- Concluded. (b)  21 ,  Cha V S  68- 

Figure 42 .- Effect of fixed deflections of the r i g h t  a i leron on the 
aerodynamic character is t ics  of the model i n  pitch. Right gear 
pa r t i a l ly  extended; 'drooped s l a t s ;  plain f laps,  40'; I,, Go. 
( a )  a, C,, C, vs CL. 

Figure 42.- Concluded. (b) C t ,  Cha vs CL. 

Figure 43 .- Variation with r igh t  aileror? deflection of the aerodynamic 
character is t ics  of the model a t  several angles of attack. Right 
gear partj-ally extended; drooped s l a t s ;  plalr, f laps ,  40': iw, 6'. 
(a)  en, Cm vs sa. 

Figure 43.-Concl~ded. ( b )  C 2 ,  Cha vs h. 
.,'"., 

Figure 44 .- 'Variation with r igh t  a i leron deflez t ion  of the aerodynamic t 

character is t ics  of the model i n  s idesl ip  a t  several angles of a t tack,  
Right gear pa r t i a l ly  extended; drooped s l a t s ;  plain f laps,  40'; iw, 
6'. ( a )  cn, C,VS G,. 

Figure 44.-Conclu-ded. (b) CZ, Cha vs Sa. 

Figure 45.- Effect of fixed deflections of the r igh t  a i leron on the 
aerodynamic character is t ics  of the model i n  pi tch,  Drooped s l a t s  f 
plain f laps,  40'; iw, 6'. ( a )  a, h, Cn vs CL. 

Figure 45.- Concluded. (b)  Ct ,  Cha vs CL. 

Figure 46.- Variation with r i g h t  a i leron deflection of the aerodynamic 
character is t ics  of the model a t  several angles of a t tack.  Drooped 
s l a t s ;  plain f laps,  40'; iw, 6'. ( a )  en, Cm vs Ga. 

Figure 46.- Concllided. ( b )  C 1 ,  Cha vs Ga.  

Figure 47.- Variation with r igh t  a i leron deflection of the aerodynamic 
cha~:acteristics of the model i n  s ides l ip  a t  several angles of a t tack,  
Drooped s l a t s ;  $lain flaps,  40°; iw,  6O. ( a )  Cn, Cm vs b. 

Figure 47.- Ccncluded. (b)  CZ., Cba vs Ba. 
/:y$; 
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Figure 48.- Effect of fixed deflections of the r ight  a i le ron  on the 
aerodynamic character is t ics  of the model i n  pitch. Drooped s l a t s ;  
iw, 0'. ( a )  a, Cmj Cn vs CL. 

Figure 48.- Concluded. (b) C 2 9  Ch vs CL. 
a 

Figure 49.- Variation with r igh t  a i leron deflection of the aerodynamic 
character is t ics  of the model a t  several angles of attack. Drooped 
s l a t s ;  iw, 00. ( a )  Cn, Cm vs Ga. 

1 Figure 49.- Concluded. (b) C2, Ch, vs 68. 

Figwe 50.- Variation with r ight  a i leron deflection of the aerodynamic 
character is t ics  of the model i n  s idesl ip  a t  several angles of a t tack.  
Drooped s l a t s ;  iw, 0'. ( a )  C,, C, vs 6,. 

5 
, Figure 50.- Concluded. (b) C l ,  Ch, vS Sa- 

Figure 31.- Effect of fixed deflections of the r igh t  a i leron on the 
aerodynamic character is t ics  of the model i n  pitch. Plain f laps,  
40'; iw3 0'. ( a )  a, Cm, Cn vs CL. 

Figure 51.-Concluded. ( b )  C t j  Cha V S  CL. 

Figure 52.- Variation with r igh t  a i leron deflection of the aerodynamic 4 
character is t ics  of the model a t  several angles of attack. Plain 
f laps,  40'; iw, 0'. ( a )  Cn3 Cm vs Sa. 

Figure 52.- Concluded. ( b )  C z ,  Cha v s  6a. 

Figure 53 .- Variation with r igh t  a i leron deflection of the aerodynamic 
characteristics of the model i n  s idesl ip  a t  several angles of attack. 
Plain f laps ,  40°, iv, 0'. ( a )  C,, Cm vs 6,. 

Figure 53.- Concluded. ( b )  C z ,  Cha vs 68. 

Figure 54.- Effect of f ixed deflections of the elerudder on the aero- 
dynamic character is t ics  of the model i n  pitch. Plain wing; iw, 0'. 
(a) a, C z 3  Cy vs CL. 

Figure 55.- Variation with elerudder deflection of the aerodynamic 
character is t ics  of the model a t  several angles of a t tack,  Plain 
wing; iW, oO. 
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Figure 56 .- Variation with elerudder deflection of the aerodynamic 
character is t ics  of the model i n  s ides l ip  a t  several angles of 
attack. Plain wing; iw, oO, 

Figure 57.- Effect of fixed deflections of the elerudder on the 
on the aerodynamic character is t ics  of the model i n  s idesl ip .  
Plain wing; 4, 0'. ( a )  aw, 0.10; C,, C,, C vs P  he^ 

Figure 57.- Continued. ( b )  w, O,lO;  Cy, C t ,  Cn vs P.  

Figure 57.- Continued. ( c )  %, ~ 2 . 6 ~ ;  Cn, C,, CheR vs P. 

Figure 57.- Concluded. (d)  %, 12.6'; Cy, C1 vs B e  

Figure 58.- Effect of fixed elerudder t r i m  t a b  deflection on the 
aerodynamic character is i tcs  of the model i n  pitch a t  several . 

elerudder angles. Plain wing,: iW, 0'. ( a )  6e , 8'; a, Cm, Cn, 
Che vs cL. R 

R 

Figure 58.- Continued. (b) 6eR, 0'; a, CmJ Cn, CheR vs CL. 

Figure 58.- Concluded. ( c )  6eB, -1-6'; a, C r n ~  Cn, Che vS 

R 

Figure 59 .- Variation with elerudder def iect ion of the aerodynamic 
character is t ics  of the model f o r  several t r i m  t ab  angles, Plain 

0 wing: iw, 0 . 
Figure 60.- Effect of fixed deflections of the elerudder on the 

aerodynamic character is t ics  of the model i n  pitch. External 
tanks; iw, 0'. (a )  a, Cz, Cy vs CL. 

Figure 60.- Concluded. ( b )  Cm, Cn, Ch, vs CL. 

Figure 61 .- Variation with elerudder def lec  t ion of the aerodynamic 
character is t ics  of the model a t  several angles of attack. External 
tanks; iw, OO. 

Figure 62 .- Vzriation with elerudder deflection of the aerodynamic 
oharacter is t ics  of the model i n  s idesl ip  a t  several angles of 
a t tack.  External tanks; i,, 0'. 
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Figure 63 .- Effect  of f ixed deflections of the elerudder on the 
aerodynamic character is t ics  of the model i n  pitch. External 
tanks; gear; d~ooped s l a t s ;  iw, 6'. (a )  a, C 2 ,  Cy VS CL. 

Figure 63.- Concluded. (b) C,, Cn, C vs CL.  he^ 
Figure 64 .- Variation with elerudder def lec tior? of the aerodynamic 

character is t ics  of the model a t  several angles of attack. External 
tanks; drooped s l a t s ;  gear; iw,  6O. 

4 

Figure 65.- var iat ion with elerudder deflection of the aerodynamic 
character is t ics  of the model i n  s idesl ip  a t  several angles of 
attack. Gear; e,xternal tanks j drooped s l a t s ;  iw, 6'. 

Figure 66.- Effect of fixed deflections of the elerudder on the aero- 
dynamic character is t ics  of the model i n  s idesl ip .  External tanks; 
gear; drooped s l a t s ;  i w ,  6'. ( a )  w, 0'; Cn, Cm, Che vs B .  

Figure 66.- Continued. ( b )  %, 0'; Cy, CI V s  P o  

Figure 66.- Continusd. ( c )  %, 18.8'; Cn, C,, Che vs B. 

Figure 67 .- Effect of flxed deflections of the elerudder on the aero- 
dynamic character is t ics  of the model i n  pitch. Gear; drooped s l a t s ;  
p l a in  f laps,  40'; iw, 6'. ( a )  a, c,, Cy v s  CL. 

Figure 67.- Concluded. ( b )  Cm, Cn, C vs CL.  he^ 
Fl p x e  68 .- Variation with elerudder deflection of the aerodynamic 

characteristics of %he model a t  several angles of attack. Gear; 
dkooped s l a t s ;  $ l a in  f l a p s ,  40'; iw, 6'. . 

Figure 69 .- Variation with elerudder deflection of the aerodynamic 
character is t ics  of the model i n  s idesl ip  a t  several angles of 
attack. Gear: drooped s l a t s ,  p la in  f laps,  40'; iw, 6 O .  

F l w e  70.- Effect of f ixed deflections of the elerudder on the aero- 
dynamic cliaracteristics of the model i n  s idesl ip .  Gear; drooped 
s l a t s ;  p la in  f laps,  40°; iw, 6'. ( a )  %, 0 . 3 ~ ;  c,, c,, ch, YB p. 
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Figure 70.- Continued. ( b )  %, 0 . 3 ~ ;  Cy, C2 vs P. 

Figure 70.- Continued. ( c )  18.8'; Cn, Cm9 Che vs P a  

Figure 70.- Concluded. (dl  w, 18.8' Cy, Cz vs P e  

Figure 71 .- Effectiveness of the complete e l e r ~ d d e r  system operated 
f o r  pure elevator action with the model a t  several angles of attack. 
External tznks; h, 0'; p, 0'. 

Figure 72.- Effectiveness of the complete elerudder system operated 
f o r  pure rudder act ion with the model a t  several angles of a t tack.  
External tanks; iw, OO. 

Figure 72.- Concluded. ( b )  P, -8'. 

Figure 73 .- Effect of fixed angles of wing incidence on the aerodynamic 
character is t ics  of the model i n  pitch. Plain wing; tiej 0'. 
( a )  CD, a, vs CL. 

Figure 73.- Concluded. ( b )  Cm, Ch "9 CL* 
e~ 

Figure 74.- Effect of f ixed angles of wing incidence on the aerodynamic 
character is t ics  of the model i r r  pitch. External tanks; gear; drooped 
s l a t s ;  s,, 0'. (a)  CD, a, v8 cL. 

Figure 74.-  Concluded. (b) Cmj CheR vs CL, 

Figure 75.- Effect of f ixed angles of wing incidence on the aerodynamic 
character is t ics  of the model i n  pitch. Gear; drooped s l a t s  J p la in  
f laps,  40'; ge, 0'. ( a )  CD, a, vs CL. 

Figure 75.- Concluded. ( b )  Cm, CheR YS CL. 

F i p e  76 .-- Effect of fixed angles of t a i l  incidence on the aerodynamic 
character is t ics  of tine model in  pitch. Plain wings; iw, ooj 6,, 0'. 
(a) CD, a, vs CL. 

Figure 76. -  Concluded. ( b )  Cm, CheR vs CL*  

Figure 77.- Effect of f ixed angles of t a i l  incidence on the aerodynamic 
cliaracterlstics o:? the model i n  pitch. Gear; arooped s l a t s ;  p l a in  
f laps,  40°; iw, 6'; So, 00. ( a )  CD, a v s  CL. 

Figure 77 .- Concluded. ( b  ) Cm9 CheR vs CL . 
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