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Ip6vEsTIGmION OF L O W - S F E E D ,  POUXR-OIW STABILITY AND CONTROL 

CHARACTERISTICS O F  A bD1xEL WITH A 35O SWEETBACK WMG 

By Robert 0. Schade 

An Fnvestigation has been made in the Langley free-f l ight   tunnel   to  
determine the low-speed, power-off dynamic s tab i l i ty .  and control 
characterist ics of a model with a-35O sweptback  wing- The investigation 
consisted of force and f l i g h t   t e s t s  of the model and Calculations of the 
l a t e ra l   o sc i l l a to ry   s t ab i l i t y  with  --tip fuel tanU off and on. 

The flaps-up  longitudinal  stability waa satisfactory  except  for a 
nosing-up  tendency a t   t he  high l i f t  coefficients, which WBB eliminated 
by use of s ta l l -control  vanes. With flaps  deflected  the model was longi- 
tudinally  stable  over  the lift range, but  the roll-off at the st& was 
mre abrupt  than f o r  the  flaw-retracted  condition. For the  configuration 
with t i p  tanks off, the lateral s t a b i l i t y  and control  characterist ics were 
generally  satisfactory. With t i p  tanlrs on, however, the  greatly  ilicreased 
moments of i ne r t i a  caused an undamged ro l l ing  and yawing osci l la t ion 
similar t o  that   reported in NACA Rep. No. 769 for  a m d e l  with high 
moments  of iner t ia .  With t ip   tanks on, the model was a l s o  longitudinally 
unstable at high lift coefficiente even with  stall-control vanee on 
because of the large rearward s h i f t  in center of gravity caused by the 
tanks. 

A n  Investigation has been made in  the Langley f'ree-flight tunnel 
t o  deternine  the low-speed, parer-off dynamic s t a b i l i t y  and control 
characterist ics of a model with a 35O sweptback w i n g .  Force and f l i gh t  . 
tests of the model  were made with and without  stall-control vanes, 
trail ing-eage  spli t   f laps,  and winp t ip  fuel tanks.  Calculations were 
also made t o  determine the lateral osci l la tory  s tabi l i ty  of the model 
with  the wing-tip tanks off and on at a moderately  high lift coeff ic ieA.  

1 N CLASSI FI ED 
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weight, pounds 

mean aerodynamic chord, M.A.C., f ee t  

t a i l  length (distance from center of gravity  to  rudder hinge 
l ine),  f ee t  

wing span, feet  

height of center of pressure qf ver t ica l  tail above fuselage 
axis, f ee t  

dynamic pressure, pounds per square f,cot 

mms density of air,  lugs per cubic foot 

w i n g  loading, pounds per square fmt  

angle of &tack  of fuaelage water line, degrees 

a.ngle of yaw, degrees . 

angle of sideslip, degrees ( 4 )  

lift coefficient (Li f t /qS)  

drag coefficient (Drag/qS) 

pitchi-mnt  coefficient  (Pitching moment/qSg 

rawing+noment coefficient (Yawing  moment/qSb) 

rolling-moment coefficient (Rolling mament/qSb) 

kterd-force  coeff ic ient  (Lateral force/qS) 

t a i l  incidence w i t h  r e s p c t   t o   t h e  fuelage water l ine,  
degreee 
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Be elevator  deflection, degrees 

trailing-edge-flap deflection,  degrees 

r a t e  of change of yming-moment coefficient with -le of 

sideslip,  per degree (ac,/ae) 
r a t e  of change of rollhg-mrnent  coefficient  with angle of 

sidesli-p, per degree 

c L  rate of chaage of ml"lng-mment coefficient  with  roll ing- * Y . . .. 

angular-velocity  factor (2) 
rate of change of yawing-mmnt  coefficient with rolling- 

angular-velocity  factor (S) 
rate of change of rolHng-moment coefficient with yawing- 

mgular-velocity  factor (3)  
rate of change of yawhg-mment  coeff ic len t  with yawing - 

angular-velocity factor 

kx 

kxz product-f-inertia factor about body axLs, feet2 

radius of ggraCion about  longitudinal boas axle, feet  

kz r a d i e  of gyration about ve r t i ca l  b&y axis, fee t  

Y fligh-ath angle, degrees 

II' 
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mgle between body axis asd principal axis, positlve when 
reference axis is above prlncipal axis, at the ncme of 
the airplane,, degrees 

angle of attack of principal longitudinal asis of airplane, 
positive when principal axis is above flight  path, 
degrees (a - 6 )  

Routh 's dlscriminmt 

W i n d  Tunnel 

The tests were made in the Langley free-fl ight tunnel, which is 
designed t o  test free-flying dynamic models. A complete description of 
the  tunnel and i ts ,operatlon is given in reference 1. 

Force 'tests t o  determine the stat ic   s tabi l i ty   character is t ice   of  
the m d e l  were conducted w f t h  the  Langley free-flight-tunnel eix-cmponent 
balance  described in reference 2. This balance rotates with the m d e l  
in yaw so that all forces esd moments are memured w i t h  respect to  the 
s t ab i l i t y  axes. The s h b i U t y  m e s  a r e  shown in figure 1. 

* 

Model 

A three-view drawing of the model is  presented In figure 2, and 
photographs of the m d e l  axe given as figure8 3 and 4. Table I gives 
the dimeru3lonal and m a e ~  characterist ics of the model. 

The  w i n g  of the m d e l  had a Rhode St. Ganese 35 a i r fo i l   sec t ion-  
The m e  of this Election w m  in accordance with free-flight-tunnel practice 
of using a i r fo i l s  to obtain a marimurn lift coefficient in low-scale t e s t s  
more nearly e q k l  t o  that of a --scale design. The x u  was set 
at -60 incidence  with  respect t o  the fuselage- 80 that zero l i f t  would be 
obtained a t  approximately zero angle  of attack of  the fuselage. 

Stall-control vanes, t r a i l w - e d g e  s p l i t  f h p s ,  -and *-tip tanka 
were  instal led for some tests. The intake  ducts were faired (fig.  2) 
after the lnit lal  tes ts  had shown that  severe air-flow separation at  the 
wing-fueelage juncture was caused by the f h t  surface of the  duct 
opening. (See fig. 4. ) 
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Force Tests 

The force tests were run at a dynamic pressure of 3.0 pounds per I 

square  foot which correspondg t o  an airspeed  of approximately 34 miles 
per hour at standard s e a - h e 1  conditio- and t o  a test  Reynow number 
of 282,000 based on the mean aerodynamic chord  of 0.884 foot. All but 
the Fnitial tests were made with the intake -duct fairings on. A summa- 
of the  force-%est  conditions is given in table  II. 

A l l  forces and moments axe referred  to  the s t ab i l i t y  axes originating 
at a center-of-gravity  position of 22.0 percent of the mean aerodpmnic 
chord and located  vertically 26.0 percent of the mean aerodynamic chord 
above the bottom of the fuselage (water line zero) unless othemiee 
indicated. 

Flight  Teste 

F l igh t   t es t s  were made t o  determine  the.general flying c-ter- 
i s t i c s  of the model. A su~~pn&~y of the test conditione is given in 
table 111 . Flights w e r e  made with vanes on and off, f laps up and down, 
and t i p  tanks on asd off .  With the t i p  tanka  off, most of the flights 
w e r e  made w i t h  a light w i n g  loading (see table  I), but a f e w  f l i gh t s  
were mada with a heavier wing loading t o  determine the effect  of maas 
on the   s t a3 i l i t y  and cmtro l   charac te r i s t ics  The t i p - t m h - o n  flights 
were  made with the t2p  tanka fully loadea and the model in the light 
condition. - A l l  flights were made wlth a center-uf -gravity  location 
of 22.0 percent mean aerodynamic chord 

C A I C W I O N S  

Boundaries f o r  neutral-lateral.-oscillatory &abi l i ty  (R = 0) 
were calculated  for the model with t i p  tanka  off and on by m e a m  of  the 
stability  equations of reference 3 and are shown in figure 5 as functione 

Of cv and -C . With the tank6 off  the  calculations were  made f o r  

the heavy condition. With the tasks on.the  calculations were made f o r  
the only tank-on  condition flown. 

The values of the s t a t i c - ~ t e r a l - e t a b i ~ ~ t y   d e r i v a t i v e s  Cy 

C 

and Cz, were estimated from unpublished data; and values of 

h a i l - o f f  

% 
9 t a i l - o f f  

% 

were estimated f r o m  force bstsj the rot- derivatives 

w e r e  obtained fram rota t ion   tee t s  of the model. The -Talues 
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of kx and and the Inclination of principal axes of inertia were 
measured for the  model. The values of all the  aerodynamic and maaa 
characterietics wed In the calculations axe given in table IV. 

The values of CnB and 4 z 8  for the model with t i p  tanks  off and 
on at CL = 0.7, ae determined from force  testa,  are indicated by 
symbols In figure 5 in order t o  show the i r   r e l a t ion   t o  the calculated 
a tab i l i ty  boundaries. 

Force  Tests 

The results of the  force tests made t o  detemdne the etat ic   longi-  
tudinal and lateral s tabi l i ty   character is t ics  a;re preeented in figures 6 
t o  13. Uhpublished data from larger scale tests (R = 2,243,000) of a 
larger mdel a t  UWAL @niveraity of Washin&on Aeronautical  Laboratory) 
are also presented- for camparison. The UWAL data mre obtalned at a 
aynamic pressure of 30.21 pounde per square foot and the pitching moments 
w e r e  referred  to  a center of gravity at 20.0 percent of the man aero- 
aynamfc chord- 

The results presented in figures 6(a) and 6(b) show the longitudinal 
s t a b i l i t y  characteristics of the free-flight-tunnel mdel with and 
without the  intake-duct fairing. Also presented  for comparison are the 
UWAL results which were obtahed  with  the intake ducts open- PrelFmFnary 
tuft surveys had indicated  the need f o r  fairing the closed  intake  ducts 
an the free-flight-tunnel model, since severe air-flow separation X&B 
noted  behind the  ducts. It I s  seen fram figure 6(a) that the conplete 
model becams m t h b l e  above CL = 0.75 without the fairing, and the 
addition of the fair- not anly delayed the  instabi l i ty  t o  CL = 0.e 

but  greatly reduced its severity. The fair ing  a lso reduced the   s t a t i c  
margin -%/&!, by about 0.05 over  the lower lift range. The reeulta 
of the UWAL t ee t s  show fa i r ly  good agreemnt x i th  the free-fl ight-tmel 
tests without the fairing, which might be an indication that the f l o w  
in the region of the ducts of  the UWAL model.muet .do have been 
unsatisfactory. It appears that attention must be given t o  obtaining 
the  best  possible flow through and around the  ducts since %hie f l o w  
apparently  has a pronounced effect  on the  e tabi l i ty .  The data of 
figure 6(b) show that the fairing had little eff6ct on the ta i l -off  
longitudinal  stabil i ty.  T h l s  indicates  that  the improvement in s t ab i l i t y  
of the model with tail on, produced by the addition  of  the fairing, wae 
caused by a change in  the nature of the  flow a t  the tail and, not by any 
appreciable change in  s t ab i l i t y  of the wing-fuselage combination. 

The data of figure 7 show the  effect  of the s ta l l -cont ro l  vanea f o r  
both models. The w e  of the vanes. improved the s t ab i l i t y  of the free- 
flight-tunnel mdel, but  there waa sti l l  slight inatabi l i ty  at lift 
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coefficients from 0.8 to 0.9. The UWAL mdel with vanes on W&E stable 
over the  ent i re  lift rean@;e,-wbich indicates that a sfmilar airplane would 
probably have sa t i s fac tory   s ta t ic  longitudinal s t a b i l i t y   f o r  this 
condition. 

Figure 8 shows the effect  of flap  deflection on the  longitudinal 
s t ab i l i t y  of the model wtth vanes on. It is seen that the f l a p  resulted 
in the model being stable  over the entire l i f t  range except f o r  a very 
slight ins tab i l i ty  at the stall.. The f l q  also resul ted  in   the Uft 
curve be- mre nearly 1Fnear up to the mRJlum lift coefficient. 

. 

The variation of the l a t e ra l - s t ab i l i t g  parameters C, B’ 
aSd Czp with l i f t  c o e f f i c i a t  w i t h  f laps  retracted i s , s h m  in f i v e  9 
together with results  with +take ducts open. It may be seen that 
the fa i r ing  had ,little effect  on the directional-stabildty parameter C%. 
Fairly good agreement with UWAL direct ional-s tabi l i ty  data waa  obtained 
for   the   l i f t -coef f ic ien t  range above CL = 0.48. The directional 
s t ab i l i t y  of the f ree-f l ight  -tunnel model decreased  gradually with 
increasing l i f t  coefficient and then dropped sharply at the stall. This 
effect  could  not  be  verified by the UWAL results because data were 
unavailable f o r  lift coefficients above 0.8. The fa i r ing  reduced the 
effective  dihedral C over the lift range  with  the greatest reduction 

taking  place at the high l i f t  coefficients. Tuft tests indicated that 
the  difference  could be  accounted f o r  by the fact that the  fa i r ing delayed 
the stall on the traiUng wing. The UWAL data show less effective  dihedral  
than the  free -f light -tunnel model over  the l i f t  range. 

28 

Data show- the  effect  of the   s ta l l -control  vanes on the lateral 
s tab i l i ty   charac te r i s t ics  are presented in figure 10. The vanes reduced 
both  the  direct ianal   s tabi l i ty  and effective  dihedral over the  ent i re  
l i f t  range. 

Figure ll shorn the  effect  of f l ap   de f l ec t im  on t he   l a t e ra l  
s tabi l i ty   chazacter is t ics .  Deflect- the flaps  elimhated the. gradual 
decrease in direct ional   s tabi l i ty   with increasing lift coefficient,%ut 
the  sharp drop in s t a b i l i t y  at the stall remained. The vaziation of the 
effective  dihedral w i t h  l i f t  coefficient  for  the  flap-retracted  condition 
waa extended lFziearly from CL = 0.85 t o  CL = 1.24 when the flaps were 
deflected, and thie  resulted in an increase in the maximum value of -C 

of about 0.001 over  the  flap -up condition. . 
The data of figure 12 show the  effect  of the  wing-tip  tanke and 

the  center-of-gravity  position on the longitudinal s t a P i l i t y  character- 
i s t i c s  of the m e - f  light-tunnel model. The t i p  tanlre had very l i t t l e  . aeroQmmic ef fec t  on the s t a b i l i t y  as shown by the data presented  about 
the  task-off  center-of -gravity location of 0.22 man aerod-c chord. 



8 N X  A RM No M A 1 4  

The model with t i p  ta&s on was w t a b l e  a t  high l i f t  coefficients, 
however, for   the tank-an center-ofsmvity  locat ion of 0.35 mean aero- 
-C Chord. 

Figure 13 show the comparison of the lateral stabil i ty  character-  
is t ics   with and without  the  wing-tip  tanks. The t adw had l i t t l e  effect  . 
on the  directional  stabil i ty a t  low lift coefficients but delayed  the 
decrease in d i r ec t iona l s t ab i l i t y   t o  a higher l i f t  coefficient. Addition 
of the wFng-tip tanka increased the effective dfhedral over mst of the 
lift range. . . .  

Flaps  retracted. - Flight  teats made over a .  Uft-coeff ic ient  range 
of 0.48 to 1.0 with  the model in the light-load- condition w i t h  t i p  
tank8 off showed that the lateral s tabi l i ty   character is t ics  were 
satisfactory with s ta l l -control  v&nes off ar on, despite the decrease 
of C a t  the high lift coefficients as indicated by tW-force-teflt 
results (fig. 10). The behavior of the lnodel k e  good w i t h  coordFnated 
ailerons and rudder  or  with  ailerons alone, and the lateral oscillation8 
were w e l l  damped.. 

nP 

Without the  stall-cantrol vanes the  longitudinal  stabil i ty of the 
m d e l  was good at the lower l i f t  coefficiente. A t  the higher l i f t  
coefficients (above O.73), however, the mdel exhibited a nosing-up 
tendency, which can be explained by the  pitching-manat  curve in figure 7, 
and tried cantinually  to trim at a higher angle of attack. The nosing-up 
motion w a ~  f a i r l y  gentle and the model could. ueually be controlled 
sat isfactor i ly  w i t h  the  elevator,  but  for flights a t  the highest l i f t  
coefficients  the  noshg-up tendency B a r n s t i m e s  r eml ted  in the model 
e ta l l ing and rolling off on ei ther  w i n g .  The roll-off k'&8 n9t  particularly 
violent;  but  since there X&B almost complete loss of lateral  control, the 
mdel usually crashed i n t o  the tunnel wall out of control. 

One intereating  point observed during these .tests W&B. the   abi l i ty  of 
the p i l o t   t o  sametimes retain control of the model after it had started 
t o  s t a l l  by nosing it down with the elevator ax@ thereby u n ~ t a l l i n g  the 
wing. In t e s t s  of aome tallless models with eimilerr nosing-up tendencies 
but with  ineffective  elevatora a t  the &all, it has.been izuposeible t o  
control the modela once they- s ta r ted   to  stall. In the  case of this mdel ,  
however, the  elevator on the  horizontal tail remained effective and 
enabled the  pilo%  to  maintain a certain munt of control  over  the nos%- 
up motion. - .  . 

Flighte made over approximately the same speed range w i t h  the stall- 
C O n ~ s O l  vanes an (fig.-7) showed that the vmeB -roved the longitudinal 
flight behavior of the model at  high lift coefficients  but s t i l l  did not 
make the model entirely  satisfactory. A t  the  high l i f t  coefficients, t he  
model would trim at  a new angle of attack when disturbed by elevator 
control  or a gwt, indicating about neutral stabi l i ty ,   but  it did not have 
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the def ini te  nos-p tendency exhibited w i t h  the vanes of f .  Sinse  the 
WAL force-test   results  indicated  static  longitudinal  stabil i ty o7er the 
en t i re  lift range  with the vanes on and because the  full-scale Reynolds 
number  would be  even larger than that of the UWAL t e s t s ,  a similar air- 
plane would probably be completely satisfactory i n  this respect if 6tal l -  
control vanes are used. When the stall was reached, the model s e t t l ed  
t o  the  tunnel  f loor w i t h  aileron  control  being  maintained at a J l  times 
so that the w i n g s  could  be  kept level. 

Flaps extend&.- With flaps  deflected  (stall-ontrol vanes on) the 
longitudinal and lateral-stability chasacterist ics of the model  were good 
over t h e   e n t i r e   l i m o e f f i c i e n t  range (0.51 t o  1 .l5) . There was no 
nosFng;up  tendency and all osci l la t ions were w e l l  damped. A t  the stall 
the model rolled  rather  abruptly t o  a medium angle of badk and slid off 
into  the  tunnel wall. men  ailerons  alone were used for  lateral control, 
the m o d e l  f l e w  about ae w e l l  as with  coordina.ted aileron and rudder 
and there was no noticeable  adverse yawing. 

with t ip   tanks  off   resul ted  in  no noticeable change in   t he  flight 
behavior of the madel mer   the   l i f t -coef f ic ien t  range flown (0.6 t o  
0.75 with  flaps  retracted and 0.85 to 0.95 with  flaps  deflected). 
A t  CL = 0.75 with  f laps  retracted  there appeared t o  be a slight nosing- 
up tendency as in the  lightly  loaded  condition at about the same lift 
coefficient. Good flights were obtained  with  either  ailerons and rudder 
o r  ailerons  alone used fo r  lateral control. Results of the  calculations 
presented in figure 5 show that   the   locat ion of the model tes t   point  
waa on the  stable side of i ts  oscil latory-stabil i ty boundary. 

the  wlng-tip tanks on (flaps  retracted)  indicated a dangerous condition 
w i t h  coordinated  aileron and rudder control. There w a s  a l igh t ly  damped 
ro l l ing  and yawing motion and the model w a s  very slow i n  returning from 
a yawed posit ion because of the  high  value of Iz. A t  times the swinging 
motion  appeared t o  be relnforced by control  deflections, and flights in 
t h i s  condition orten ended with  the model craahing  into  the tunnel w a l l .  
It was found tha t  the model waa much e a s i e r   t o   f l y  when ailerons  alone 
were used f o r  la teral   control .  There were still large yaw- motions, 
however, an& the model  would sametimes s tay   in  a yawed a t t i tude  and s l i p  
off  i n to  a w a l l .  The poor flying  characterist ics were caused  mainly by 
the large increase in Iner t ia . forces  which resulted in the  calculated 
osc i l la toq-s tab i l l ty  boundary w i n g  up so t ha t   t he   t e s t  poinC, then   fe l l  
in  the  unstable  region on the  chart. (See f ig .  5.  ) This effect  of 
mass dis t r ibut ion on l a t e r a l   s t a b i l i t y  is in agreement w i t h  the   resu l t s  
of reference 4, which  showed that as weight was added at the wing t i p s  
the l a t e r a l   s t a b i l i t y  became progressively worse. 

The longi tudinal   s tabi l i ty  of the  model w a s  satiafactory w i t h  the 
center-of-avity location of 0.22 mean aerodynamic chord. No flights 
were attempted with the design center-of-gravity  location of 0.35 mean 
aerodymmlc  chord since  force-test results. ( f ig .  13) indicated that the 
model wae statically  longitudinslly  unstable above CL = 0.n. 

- 

m L z  .- Increasing the w i n g  loading of the model 

W i m  tanks on.-The results of flight t e s t s  made at CL = 0.66 with 



A chmge In tank configuration,  such a8 the u8e of a belly tank o r  
an i n b o d  shift of  the wing tanka, would result in  -roved longitudinal 
and la te ra l   s tab i l i ty   charac te r i s t ics  by reducing the rearward shift of 
the center of gravity as w e l l  aa the values of Ix and $. 

The following conclusions were drawn from the results of the   f ree-  
f l ight- tunnel   s tabi l i ty  and control  investigation of a model w i t h  a 
35' sweptback dng- 

1. With flaps  retracted and no s ta l l -control  vanes, the model had 
satisfactory  longitudinal  stabil i ty up t o  CL = 0.75. A t  higher lift 
coefficients, however, the model had a nosing-up tendency whfch sometime 
caused it t o  stall and r o l l  off out of control. 

2. Use of s ta l l -cantrol  vanes improved the langi tudFaal   8kbiUty 
and lateral control a t  high l i f t  coefficients  but d id  not make the model 
entirely  aati~tfactory.  Higher scale  force-test data, however, indicate 
that  a similar full-acale airplane would pmbably have satisfactory 
longitudinal  stabil i ty a t  the high lift coefficients if s ta l l -control  
vanes Mea.  

3. With flaps deflected the model WBB lmgitudinal ly   s table  over 
the lift range, but  the mll-of'f' a t  the stall  wan  more abrupt  than  for 
the f lap- re tmcted   cad i t ion .  

4. The l a t e r a l   s t a b i l i t y  and control  characterist ics w e r e  considered 
t o  be ganeralJy s a t i e f k t o l y   f o r  all conditions tes ted  without the t i p  
tanks, and the r o w .  asd yawing motions were w e l l  damped. 

5.  With tip tanks on, the greatly Fncreaaed momenta of iner t ia  
cawed- an -damped ro l l i ng  and yawing oscillation simllm t o  that  
reported in NACA Rep. No, 769 f o r  a model with high mmnte  of inertia. 
With t i p  tanlcs on, the model was a le0  longitudinally unstable at high 
L i f t  coefficients even with stall-control vama on because of the  laxge 
rearward shift In c.enter of gravity cauaed by the t a k e .  

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley Field, Va. 
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Center-of-gravity  location, pement M.A.C. 
Without t i p  tar& . . . . . . . . . . . . . . . .  
With t i p  tanker 

Design location based on tank w e i g h t  and 

Used in  flight tests . . . . . . . . . . . . .  
percent M.A.C. . . . . . . . . . . . . . . . . .  

p o s i t i m  . . . . . . . . . . . . . . . .  D- . 
Dietance above bottom of fuselage, 

Moments of Inertia, without t i p  t m  
Ix, slug-ft2 . . . . . . . . . . . . . . . . . .  0.122 
Iy, s"ft2 . . . . . . . . . . . . . . . . . .  0.478 
I ~ ,  alug-ft2 . . . . . . . . . . . . . . . . . .  0.581 

Momsnts of  inertia, with t i p  tanka 
Ix, slllg-ft2 . . . . . . . . . . . . . . . . . .  
Iz, ElfUg-ft2 . . . . . . . . . . . . . . . . . .  
Iy, elug-f% 2 . . . . . . . . . . . . . . . . . .  

22 

26 

0.222 
0.581 
0.478 

win@; 
Area,sqft  . . . . . . . . . . . . . . . . . . .  
Sweepback, c/4, deg . . . . . . . . . . . . . . . .  35 

3.50 
span, f t  . . . . . . . . . . . . . . . . . . . .  3 -97 

Dihedral, deg (mean l ine) . . . . . . . . . . . .  -1.5 
Incidence, b g  . . . . . . . . . . . . . . . . . . . .  . ." -6.0 

Taper r a t io  . . . . . . . . . . . . . . . . . . .  0.29 
Aspectrat io  . . . . . . . . . . . . . . . . . . .  4.5 
M.A.C., ft . . . . . . . . .  ; . . . . . . . . .  0.976 

a 
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TAEJIJI I . . DlMENSIONAL AND MASS CHARACTERISTICS . Concluded 

Light 

Location of leading edge M.A.C. behind lead- . 
edge of root chord. f t  . . . . . . . . . . . .  

Root chord. f t  . . . . . . . . . . . . . . . . .  
Tip chord. ft . . . . . . . . . . . . . . . . . .  
Distance from nose to  leading edge of root 

chord. f t  . . . . . . . . . . . . . . . . . .  
Aileron 

Area. percent w i n g  area. (one) . . . . . . . . .  
Span. percent wing span. (one) . . . . . . . . .  
H u e  location.  percent chord . . . . . . . . . .  

Vertical t a P l  . 

Area, sq ft . . . . . . . . . . . . . . . . . . .  
ABpect r a t i o  . . . . . . .  i . . . . . . . . . .  
Sweepback, c/4, deg . . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . . . . . . .  
:? :y< . -I- t k-5 

Iiorizbkta t a i l  
Area, sq ft . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . .  
Sweepback, c/4, deg . . . . . . . . . . . . . . . .  
span, ft . . . . . . . . . . . . . . . . . . . .  

Heavy 

1.292 

2-64 
27.8 
75 

0.460 
0.80 
1.39 
35 

0.67 
1.53 
3-5 
35 

. 
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TABLE I1 

. . .. 

t 

- 
reat 

1 

2 

3 

4 

5 

6 

7 

8 - 

Typ of Test 

Longitudinal 

Long1 tudinal 

Longitudinal 

Lateral 

Lateral 

Lateral 

Longitudinal 

Lateral 

Conflguratian 

Falrlng 

3ff and on 

on 
on 

O f f  and on 

on 

on 
on 

on 

Vanes 

O f f  

O f f  and an 

on 
O f f  

Off and an 

On 

on 

on 

.. . . . 

Tanka 

O f f  

Off 

O f f  

Off 

O f f  

Off 

I f f  an8 on 

)ff and on 

- 
U 

( 
I_ 

0-22 

0-22 

0-22 

0-22 

0-22 

0-22 

0-22 

0-22 
- 

. . . . . . . . . . . . . 

0 

0 

0 

-5 aad 5 

-5 and 5 

-? and 3 

0 

-5 and 5 

Figure 

6 

7 

8 

9 

10 

1l 

12 

1 3  
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TABLf3 111 

SUMMARY OF FLIGEWPBT CONDITIONS 

[U t e s t s  made at a center-of  -gravity  location of 21.9 percent M.A. CJ 

Test 

I 

2 

3 

4 

5 

6 

Configuratfnn 

V a n e s  . Flaps 

Off 

O0 on 
O0 

On 

O0 On 

50° On 

O0 . On 

50' 

Tanka 

Off 

Off 

Off 

Off 

Off 

on 

' Light 

Light 

Light  

Heavy 

Heavy 

Tip tanks fully 
loaded, model in 
light condition 

r 

0.48 to 1.0 

0.48 t o  1.0 

0.51 to 1.15 

0.60 t o  0.75 

0.66 to 0.69 

0.66 

Weight 
(lb) 
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15.7 

4.49 

3 - 9 7  
o.ooe38 

14.7 

1.199 

1.616 

-.lop 

. a3 

.le 
- 70 

12.0 

5 

7 
-10.0 

Dependent variable 



17 

. 

X 

Figure 1. - The stability system of axes. Arrows  indicate  positive  directions of 
moments, forces, and control-surface  deflections, This system of axes is 
defined as an orthogonal system having their origin at the center of gravity 
and in which the Z-axis is in the plane of symmetry and perpendicular to the 

,relative wind, the X-axis is in the plane of symmetry and perpendicular  to 
the Z-axis, and the Y-axis is perpendicular to the plane of symmetry. 
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Figure 2.- Threeview drawing of the model with a 35' sweptback wing tested 
in the Langley freeflight tunnel. 
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F'igure 3. - Plan view of model  with a 35' sweptback wing. Intake-duct 
fairings off. - "- 





Mpre 4.- Three-quarter front view 0: model with a 35' sweptback wing, Intake-duct falr.'infSs off. 

v 

. . . . . . . . .. . . 
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Figure 5.- Correlation of flight test points of a model  with a 35' sweptback 
wing with calculated oscillatory stability boundaries; CL = 0.7; 6f = 0'; 
vanes and intake-duct  fairings on, 

Ih 
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Figure 6.- Effect of intake-duct fairing on the longitudinal stability 
characteristics of the Langley free-flight-tunnel  model with a 35' 
sweptback wing compared with UWAL tests of a larger model; vanes 
off; flaps oO. 
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Figure 5. - Correlation of flight test points of a model with a 35' sweptback 
wing with calculated oscillatory stability boundaries; CL = 0.7; 6f = 0'; 
vanes and intake-duct fairings On. .I 
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Figure 6.- Effect of intake-duct fairing on the longitudinal stability 
characteristics of the  Langley free-flight-tunnel model with a 35' 
meptback wing compared with UWAL tests of a larger model; vanes 
off; flaps oO. . 
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Figure 6.- Concluded. 
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Mgure 7. - The effect .of stall-control vanes on the long€tudinal stability 
characteristics of the  Langley  free-flight-tunnel  model with a 35' 
sweptback wing compared with UWAL tests of a larger model; flaps 00. 



t 
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Figure 8.- The effect of flap deflection on the longitudinal stability 
characteristics of the Langley free-flight-tunnel model with a 35O 
sweptback wing; vanes and intake-duct fairings on; it = -5'. - 
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Figure 9. - The  effect of duct fairing on the lateral stability characteristics of 
the Langley free-flight-tunnel model with a 35O sweptback wing compared 
with UWAL tests of a larger model; flaps 00; vanes off. 
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FigClre 10.- The effect of the stall-control vanes on the lateral stability 
characteristics of the  Langley free-flight-hmnel model with a 35' 
sweptback  wing; flaps 0'; intake-duct fairing on; = -5'. 



2 0 .2 .4 .6 .8 LO L2 1.4 
Llff coeFhc/enf ,Ci - 

Figure 11.- The effect of flap deflection on the lateral stability characteristics 
of the Langley free -flight-tunnel model with a 35' sweptback wing; vanes and 
intake-duct fairings on; = -so. 
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0 O f f  21.9 
0" O n  21. 9 
0"" on 353 

Figure 12. - The effect of wing-tip tanhs and center-of-gravity  positions on 
characteristics of the Langley free-flight-tunnel model with a 35' sweptback 
wing; vanes and  intake-duct  fairings on; it = -5O. 
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Figure 13, - The effect of --tip tanks and center -of -gravity positions on the 
lateral stability characteristics of the Langley free-flight-tunnel model with 
a 35’ sweptback wing; vanes and intake-duct fairings on; it = -5O. 
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