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An investigation of the s t a b i l i t y  and control character is t ics  of 
1 a --scale model of a Canadian t a i l l e s s  g l ider  has been conducted in the 
10 

Langley f ree- f l ight  tunnel. The g l ider  designated the N..R .L. t a i l l e s s  
gl ider  has a s t r a igh t  center section and outboard panels sweptback 43' 
along the leading edge of the wing. The aspect r a t i o  is  5.83 and the 
taper r a t i o  is 0.32 3. 

From the r e s u l t s  of the investigation and on the basis  of compari- 
son with higher-scale s t a t i c  t e s t s  of the National Research Council of 
Canada, it is expected tha t  the longitudinal s t a b i l i t y  of the airplane 
w i l l  be sat isfactory with f l a p  up but unsatisfactory near the stall with 
f l a p  down. The airplane is expected t o  have unsatisfactory l a t e r a l  
s t a b i l i t y  and control charac ter i s t ics  i n  the design configuration with 
e i the r  f l ap  up or f l a p  down. The model f l i g h t s  showed very low damping 
of the l a t e r a l  osc i l la t ion .  Increasing the v e r t i c a l - t a i l  area improved 
the l a t e r a l  s t a b i l i t y ,  and it appeared t h a t  a value of the directional- 
s t a b i l i t y  parameter Cnp of a t  l e a s t  0.002 per degree would probably be 
necessary f o r  sat isfactory l a t e r a l  f lying charac ter i s t ics .  A comparison 
of the calculated dynamic l a t e r a l  s t a b i l i t y  charac ter i s t ics  of the 
N.R.L. t a i l l e s s  g l ider  with those of a conventional-type sweptback a i r -  
plane having a s imilar  wing plan form and about the same incl inat ion of 
the principal longitudinal axis  of ine r t i a  showed t h a t  the t a i l l e s s  
g l ider  had poorer l a t e r a l  s t a b i l i t y  because of the re la t ive ly  la rger  
radius of gyration in r o l l  and the smaller damping-in-yaw fac tor  Cnr* 

INTRODUCTION 

An investigation of the low-speed s t a b i l i t y  and control character- 
1 i s t i c s  of a --scale model of a Canadian g l ider  designated the N.R.L. t a i l -  
10 

l e s s  gl ider  has been conducted i n  the Langley f ree- f l ight  tunnel a t  the 
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request of the A i r  Materiel Cammand, U. $3. A i r  Force. This t a i l l e s s  
glider is based on a design of the National Research Council of Canada 
(NRcc) and has a wing w i t h  s traight  center section and outboard panels 
having 43' sweepback of the leading edge. The outboard panels are 
equipped w i t h  trimraing t ips,  which are ad justable for  use i n  trimming 
the airplane. Vertical t a i l s  are located a t  the wing t ip .  The aspect 
ra t io  of fke wing is 5.83 and the taper ra t io  is 0.323. The wing has a 
straight,  center-section f lap  that  hinges a t  the 0.70-percent center- 
section chord l ine  and has a 60' deflection. 

The investigation included force and f l i gh t  t es t s  of the model i n  
the flap-up and flap-down configurations t o  determine the longitudinal 
and l a t e r a l  s t ab i l i ty  characteristics.  Tests were made with increased 
ver t ica l - ta i l  area t o  determine whether the l a t e r a l  s tabi l i ty  and control 
characteristics of the model could be improved. 

Calculations were made to  determine the neutral-lateral-oscillatory 
s tab i l i ty  and the period and damping data fo r  the model i n  tke flap-up 
and flap-down configurations w i t h  the design t a i l  and w i t h  increased 
ver t ica l - ta i l  area. 

SYMBOLS AND COrnICIENTS 

wing area, square fee t  

mean aerodynamic chord, fee t  

wing span, fee t  

dynamic pressure, pounds per square foot 

a i r  density, slugs per cubic foot 

airplane mass, slugs 

relat ive density factor (mIpsb) 

angle of attack of reference axis ( f ig .  l), degrees 

angle of sideslip, degrees 

angle of yaw, degrees 

angle of attack of principal longitudinal axis of airplane, 
positive when principal axis is above f l igh t  path a t  
nose ( f ig .  I), degrees 

angle between reference axis and principal axis, positive when 
reference axis is above principal axis a t  nose ( f ig .  I), 
degrees 
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8 angle between reference axis  and horizontal axis, positive 
when reference axis  is above horizontal axis a t  nose 
( f i g  . 1) , degrees 

7 angle of f l i g h t  t o  horizontal axis, positive in  a climb 
( f i g  . 1) , degrees 

R Routh 's discriminant (R = BCD - AI? - B ~ E  where A, B, C,  D, 
and E are  constants representing coefficients of the 
l a t e ra l - s t ab i l i ty  equation) 

k% radius of gyration about principal longitudinal axis,  f e e t  

k ~ o  radius of gyration about principal ver t ica l  axis,  f e e t  

K% nondimensional radius of gyration about principal longitudinal 

Kzo nondimensional radius of gyra t im about principal ver t ica l  

Icx nondimns ional radius of gyration about longitudinal s t a b i l i t y  

axis  (fix:cos2q + Kz2sin21) 

% nondimensional radius of gyration about ve r t i ca l  s t a b i l i t y  

K~ nondimensional product-of-inertia parameter 

C L lift coeff icient   if t / q ~ )  

D drag coefficient ( ~ r a g / q s )  

Cm pitching-moment coeff icient  (pitching m o m n t / q ~ ~ )  

Cn yawing-moment coeff icient  (yawing mornent/qSb ) 

C~ rolling-moment coeff icient  ( ~ o l l i n ~  moment/qsb) 

C~ la teral-force coeff icient  (Lateral force/qs) 

6c control ler  deflection, degrees 

s a  ai leron deflection, degrees 
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f l a p  deflection, degrees 

r a t e  of change of la teral-force coeff ic ient  with angle of 
s idesl ip ,  per degree (acy/ap) 

r a t e  of change of yawing-moment coeff ic ient  with angle of 
s idesl ip ,  per degree ( a ~ n / a ~ )  

r a t e  of change of r o l l i  -moment coeff ic ient  w i t h  angle of 
s idesl ip ,  per degreen$aC l/aB) 

r a t e  of change of la teral-force coeff ic ient  with rol l ing-  - 

a n g a r -  velocity factor ,  per radian (acy/g) 

r a t e  of change of rolling-moment coeff ic ient  with rol l ing-  

angular-velocity factor ,  per radian a C 2  &- 1 $1 
r a t e  of change of yawing-moment coeff ic ient  with rol l ing-  

angular-veloc i t y  factor ,  per radian ( a c n k g )  

r a t e  of change of rolling-moment coeff ic ient  with yawing- 

angular-velocity factor ,  per radian (ac 2bg) 
r a t e  of change of la teral-force coeff ic ient  with yawing- 

angular-veloc i t y  factor ,  per radian aCy ( I > 
t a i l  length (distance from center of gravity t o  rudder hinge 

l i n e ) ,  f e e t  

height of center of pressure of ve r t i ca l  t a i l  above fuselage 
axis,  f e e t  

ro l l ing  angular velocity, radians per second 

yawing angular velocity, radians per second 

period of osci l la t ion,  seconds 

time f o r  amplitude of osc i l la t ion  t o  decrease t o  half amplitude 

time f o r  osc i l la t ion  t o  double amplitude 
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c1/2 cycles f o r  amplitude of osc i l la t ion  t o  decrease t o  half 
amplitude 

C2 cycles f o r  osc i l la t ion  t o  double amplitude 

APPrnTUS 

Wind Tunnel 

The investigation was made i n  the Langley f ree- f l ight  tunnel which 
is d e s i s e d  t o  t e s t  f ree-f lying dynamic models. A complete description 
of the tunnel and i ts operation i s  given i n  reference 1. The force t e s t s  
t o  determine the aerodynamic character is t ics  of the model were made on 
the free-f l ight- tunnel  six-component balance which is described i n  refer-  
ence 2 .  The balance ro ta tes  i n  yaw with the model so t h a t  a l l  forces 
and moments a re  measured with respect t o  the s t a b i l i t y  axes. (~e le  f i g .  2.) 

Mode 1 

1 
The --scale model used i n  the investigation was constructed a t  the 10 

Langley Laboratory. A three-view drawing of the model i s  presented i n  
f igure 3 and photographs of the model a re  given i n  figures 4 and 5 .  
Table I gives the dimensional and mass charac ter i s t ics  of the fu l l - sca le  
design and scaled-up dimensional and mass character is t ics  of -the model. 
The a i r f o i l  section used on the model was a modified Rhode S t .  Genese 
35 a i r f o i l  section described i n  reference 3. The subst i tut ion of t h i s  
highly cambered a i r f o i l  section f o r  t h a t  specified was i n  accordance 
with free-f l ight- tunnel  practice of us ing a i r f o i l s  t o  obtain a maximum 
l i f t  coeff ic ient  i n  the low-scale t e s t s  more nearly equal t o  tha t  of 
the fu l l - sca le  design than is possible with the design a i r f o i l .  The 
t r a i l i n g  edge of the wing center section and the inboard portion of the 
sweptback panels were provided w i t h  trimmers so t h a t  the large pitching 
moment given by the cambered wing c o d d  be trimmed out and allow the 
model t o  have about the same basic pitching moment a t  zero l i f t  a s  the 
airplane with the design a i r f o i l .  

The t i p  portions of the sweptback panels were provided with trimming 
t i p s  which were used in trimming out the pitching moments of the wing 
and were held a t  a constant s e t t ing  during f l i g h t .  The a i le ron  and 
elevator control was provided by a s e t  of control lers  which extended 
from approximately the midsection of the sweptback panels t o  the wing 
t i p s .  These surfaces were actuated i n  the same direction f o r  elevator 
control and di f ferent ia l ly  f o r  a i le ron  control.  Approximately half 
of the area of the control lers  was attached t o  the trimming t i p s  and 
these portions of the control lers  changed t h e i r  posit ion re la t ive  t o  
the wing in the same way as the trimming t i p s .  Control was applied t o  
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these outboard portions of the control lers  by means of a d i r ec t  linhage 
from the inboard portion of the control lers .  The wing was b u i l t  
with 4.75' washout a t  the wing t i p  a s  specified f o r  the airplane. 

The different  t a i l  configurations used on -the model were a s  follows: 
design t i p  tails, large t i p  tails,  design t i p  tails p1w large inboard 
t a i l s ,  and large t i p  t a i l s  plus large inboard tails.  (see f i g  . 3 .) 

TESTS 

Force Tests 

Force t e s t s  were made with the f l a p  up and f l a p  down t o  determine 
the s t a t i c  s t a b i l i t y  charac ter i s t ics  of the model i n  i ts  design configu- 
ra t ion  and with increased v e r t i c a l - t a i l  area.  The configurations tested 
i n  the Langley f ree- f l ight  tunnel a re  l i s t e d  i n  table  I1 and are  desig- 
nated by the l e t t e r s  FFT. Also l i s t e d  i n  table  I1 a re  comparative con- 
figurations tes ted  a t  the National Research Council of Canada and a re  
designated by the l e t t e r s  NRCC. A l l  the free-fl ight-tunnel t e s t s  were 
made with trimming t i p s  a t  -20°, and the flap-dawn t e s t s  were made w i t h  
the canopies of f .  Results of t u f t  surveys indicated tha t  considerable 
turbulence occurred i n  the region of the canopies and di rec t ly  behind 
the canopies on the t r a i l i n g  edge of the wing. Since the maximum l i f t  
coeff ic ient  w a s  re la t ive ly  low f o r  the flap-down configuration and the 
canopies showed a def in i te  detrimental e f f ec t  on the s t a l l  character- 
i s t i c s ,  it was decided t h a t  a l l  flap-down t e s t s  would be made with 
canopies off t o  obtain as  high a l i f t  coeff ic ient  a s  possible. Aileron- 
and rudder-effectiveness t e s t s  were made a t  angles of a t tack  of oO, lo0, 
and 20". A l l  force t e s t s  were run a t  a dynamic pressure of 3.00 pounds 
per square foot,  which correspo~ds t o  an airspeed of about 34 miles per 
hour a t  standard sea-level conditions and t o  a t e s t  Reynolds nmiber 
of 278,000 based on the mean aerodynamic chord of 0.87 foot .  

F l ight  Tests 

Fl ight  t e s t s  were made t o  determine the general f lying character- 
i s t i c s  of the model over a speed range corresponding t o  a l i f t - coe f f i c i en t  
range from 0.46 t o  0.94 f o r  center-of-gravity positions of 48- and 
52-percent center-section chord f o r  the flap-up configuration, and 
from 0.63 t o  1.43 f o r  center-of-gravity posit ions of 47- and 52-percent 
center-section chord f o r  the flap-down configuration. Fl ights  were made 
with both the flap-up and flap-down conditions with the design t a i l s ,  
large t i p  t a i l s ,  and large t i p  t a i l s  plus large inboard t a i l s .  The f lap-  
up condition was a l so  flown with the design t a i l s  and large inboard t a i l s .  
Table I1 shows the configurations tes ted  with values of cnp and C Z ~  

corresponding t o  each configuration. Most of the f l igh t s  were made with 
trimning t i p s  a t  -20' and elevators trimmed up 20' with deflections of -125' 
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and rudders trimmed a t  0' with deflection of +20°. The center trimmer 
and outboard trimmers were changed t o  obtain t r im of the model over the 
l i f t - coe f f i c i en t  range. The flap-dawn f l i g h t s  were made w i t h  canopies 
off and center trimmer a t  oO. A l l  f l i g h t s  were made w i t h  the a i le ron  
and elevator control similar t o  t h a t  of the airplane where the wing 
control surfaces a c t  together f o r  elevator control and d i f fe rent ia l ly  
f o r  a i leron control.  The a i le ron  and rudder control  surfaces were 
actuated simultaneously f o r  f l i g h t s  where these controls were both used, 
or  ailerons-alone f l i g h t s  were made by switching out the rudder. 

Calculations 

Calculations were made t o  de tennine the neutral-  l a t e ra l -  oscil latory- 
s t a b i l i t y  boundary (R = 0) f o r  the model i n  the flap-up and flap-down 
configwations by the method described i n  reference 4. The roots  of the 
l a t e ra l - s t ab i l i t y  equations were w e d  t o  determine the period and damping 
data of the osci l la tory mode and the damping data of the aperiodic modes 
f o r  the model i n  the flap-up and flap-down configurations with various 
v e r t i c a l - t a i l  areas.  Additional calculations were made t o  determine the 
e f f ec t  of reducing the yawing and ro l l ing  radii-of-gyration on the 
period and damping of the l a t e r a l  osc i l la t ion .  

The aero~ynamic and mass charac ter i s t ics  used i n  the calculations 
are  presented -in table  111. Values of C and Cy 

np( t a i l  o f f )  P(tai.1 of f )  
were determined from force t e s t s  made i n  the -ley f r ee - f l igh t  tunqel. 
The t a i l -o f f  values of Cnr, CZ,, Czp ,  Cnp were estimated from refer -  

ence 5 .  The contributions of the t a i l  t o  the s t a b i l i t y  derivatives were 
estimated from the equations given i n  the footnote of table I11 and a re  
similar t o  those given in reference 6. The incl inat ion of the principal 
longitudinal axis  above the f l i g h t  path i s  expected t o  be lower f o r  the 
free-fl ight-tunnel model than f o r  the airplane since the model has a 
cambered a i r f o i l  section and would therefore a t t a i n  a given l i f t - c o e f f i -  
c ien t  a t  a lower angle of attack. The difference between the angle 7 
f o r  the model and airplane, however, is  not expected t o  be of great 
importance since f o r  this par t icu lar  design the yawing and ro l l ing  rad i i -  
of-gyration have about the same value, which r e su l t s  in the product-of- 
i ne r t i a  fac tor  KXZ being small. When KXZ i s  small, the incl inat ion 
of the pr incipal  axis  does not appreciably a f f e c t  the R = 0 boundary. 
The e f f e c t  of t h i s  difference would be t o  make the airplane s l igh t ly  
more s table  than the model. 

Calculations were made by the National Research Council of Canada 
t o  determine the osci l la tory s t a b i l i t y  and damping characteris t i c s  of 
the airplane and the r e su l t s  were presented i n  reference 7. These 
calculations indicated more s t a b i l i t y  than t h a t  obtained i n  the free- 
f l ight- tunnel  calculations.  A comparison of the two se t s  of s t a b i l i t y  
derivatives showed considerable differences i n  some of the parameters. 
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For example, the NRCC calculations were made using a value of Cz, of 
the order of -0.60; whereas the free-f l ight- tunnel  calculations were made 
using a value of C z p  of -0.30. This difference would account f o r  some 
of the reasons why the NRCC bound.ary showed more s t a b i l i t y  than the free-  
f l i gh t -  tunnel boundary . 

RESULTS AND DISCUSSION 

Force-Test Results 

Longitudinal s tab i l i ty . -  The r e s u l t s  of the force t e s t s  made t o  
determine the longitudinal s t a b i l i t y  charac ter i s t ics  of the f ree- f l ight -  
tunnel model a r e  presented i n  figures 6 and 7. ~ l s o  shown in  these figures 

are  data f r m  the National Research Council of Canada f o r  a &-scale model. 
8 

The Canadian data were obtained a t  a dynamic pressure of 26.8 pounds per 
square foot  which corresponds t o  an airspeed of about 102 miles per hour 
a t  standard sea-level conditions and t o  a t e s t  Reynolds number of'1,040,000 
based on the mean aerodynamic chord of 1.09 f e e t .  

The data of figure 6 show t h a t  the s t a t i c  longitudinal s t a b i l i t y  of 
the free-f l ight- tunnel  model with f l a p  up decreases with increasing l i f t  
coeff ic ient  so  t h a t  there is a small amount of in s t ab i l i t y  near the 
stall. The NRCC data, however, show an increase i n  s t a b i l i t y  with 
increasing l i f t  coeff ic ient  with greater  s t a b i l i t y  a t  the stall. The 
flap-down data of f igure 7 show t h a t  the free-f l ight- tunnel  model had an 
increase in s t a b i l i t y  with increasing l i f t  coef f ic ien t j  whereas the NRCC 
data show a decrease i n  s t a b i l i t y  a t  the high l i f t  coeff ic ients  with 
ins t ab i l i t y  occurring a t  the s t a l l .  The differences exis t ing between 
the two s e t s  of data a re  probably associated w i t h  the differences i n  
the scale  of t e s t s ,  the d i f fe rent  a i r f o i l  sections, and the d i f fe rent  
control se t t ings  on the models. A n  attempt was made t o  duplicate the 
r e su l t s  of ths  Canadian t e s t s  by using leading-edge s l a t s  and guide vanes 
on the free-f l ight- tunnel  model. It was found, however, t ha t  these 
modifications had very l i t t l e  e f f e c t  on the data and none of the modifi- 
cations were incorporated i n  the model. The free-flight-tunnel model, 
therefore, does not represent the fu l l - sca le  airplane with regard t o  
s t a t i c  longitudinal s t a b i l i t y  if it is assumed tha t  the higher-scale 
t e s t s  give a correct indication of the airplane charac ter i s t ics .  

Lateral  s t a b i l i t y  .- The variations of the l a t e ra l - s t ab i l i t y  
parameters Cyp, Cnp, and C z g  with l i f t  coeff ic ient  are  presented i n  

f igures  8 and 9 f o r  several f ree-  f l i g h t -  tunnel model configurations, 
together with data from the National Research Council of Canada f o r  the 
design configuration. The NRCC l a t e r a l  data were obtained a t  a dynamic 
pressure of 47.5 pounds per square foot  which corresponds t o  an airspeed 



of 136 miles per hour a t  standard sea-level conditions and t o  a t e s t  
Reynolds number of 1,390,000 based on the mean aerodynamic chord 
of 1.09 f ee t .  

The r e su l t s  of f igure 8 show t h a t  the free-fl ight-tunnel model had 
more direct ional  s t a b i l i t y  and effect ive dihedral f o r  the design con- 
f igurat ion with f l a p  up than tha t  obtained i n  the NRCC t e s t s .  The la rger  
value of Cnp f o r  the free-flight-tunnel model was probably caused by 
the cambered a i r f o i l  section and the d i f fe rent  control se t t ings .  
Figure 8 a lso  shows that as the v e r t i c a l - t a i l  area was increased, the 
direct ional  s t a b i l i t y  Cnp increased over the l i f t - coe f f i c i en t  range. 
The posit ive effect ive dihedral - C z p  generally increased with increasing 
t a i l  area throughout the low and medium l i f t - coe f f i c i en t  range. For the 
large t i p  t a i l  configuration, however, a more rapid decrease i n  - C z p  
was obtained a t  the higher l i f t  coeff ic ients .  

The flap-down data of figure 9 show tha t  the free-fl ight-tunnel 
model had s l i & t l ~  higher Cnp over most of the l if t-coeffrlcient range 
than was shown by the NRCC t e s t s  and tha t  the var iat ion of CZP with 
l i f t  coeff ic ient  was much l e s s  f o r  the f ree- f l ight  model than f o r  the 
NRCC model over the lower l i f t - coe f f i c i en t  range. Increasing the vert ical-  
t a i l  area increased both We positibe effect ive dihedral - C z p  and the 
direc t iona l - s t ab i l i  ty  parameter Cnp as  was the case f o r  the flap-up 
model. 

Presented i n  f igures  10 and 11 are  the r e su l t s  of t e s t s  made t o  
determine the a i le ron  and rudder effectiveness f o r  the model in the 
design configuration. These r e su l t s  show a decrease i n  control effective- 
ness with increasing an@e of at tack.  The ai leron t e s t s  showed very 
l i t t l e  adverse ai leron yawing moments, but the rudder t e s t s  showed 
re la t ive ly  large adverse r o l l i n g  moments. 

Flight-Test Results 

Longitudinal s t a b i l i t y  .- The re su l t s  of the f l i g h t  t e s t s  showed 
tha t  the model in the flap-up configuration had sat isfactory longitudinal 
s t a b i l i t y  with the center-of-gravity posit ion of 52-percent center-section 
chord (12-percent s t a t i c  margin) over a speed range corresponding t o  a 
range of l i f t  coeff ic ients  from 0.46 to  0.94. A t  higher l i f t  coeffi-  
c ien ts  the model exhibited a nosing-up tendency a s  indicated by the 
force- tes t  r e su l t s .  Moving the center of gravity t o  @-percent center- 
section chord did not appreciably improve the s t a b i l i t y  a t  the s t a l l .  
I n  the flap-down configuration, the longitudinal s t a b i l i t y  of the model 
was  sat isfactory over a range of l i f t  coeff ic ients  from 0.63 t o  1.43 f o r  
center-of-gravity positions of 47-percent center-section chord (18-percent 
s t a t i c  margin) and 32-percent center-section chord (12-percent s t a t i c  
margin) . 
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Because, as previously mentioned, the Langley f ree  -f l i gh t -  tunnel 
force t e s t s  a re  not i n  agreement with the NRCC msults w i t h  regard t o  
s t a t i c  longitudinal s t a b i l i t y  near the s t a l l ,  the dynamic behavior of 
the model near the s t a l l  is  not expected t o  correspond t o  t h a t  of the 
fu l l - sca le  airplane. In f ac t ,  on the bas is  of the force- tes t  r e su l t s  
the flap-up condition f o r  the free-f l ight- tunnel  model should represent 
the flap-down condition f o r  the airplane and vice versa. It should 
therefore be expected tha t  the longitudinal s t a b i l i t y  of the airplane 
w i l l  be sa t i s fac tory  w i t h  f l a p  up but  unsatisfactory near the s t a l l  with 
f l a p  down. 

Lateral  s t a b i l i t y  .- Fl ight  t e s t s  t o  determine the l a t e r a l  s t a b i l i t y  
and control charac ter i s t ics  showed tha t  i n  the design confiffuration the 
model had poor Dutch r o l l  s t a b i l i t y  over the l i f t - coe f f i c i en t  range with 
the f l a p  up o r  down. Fl ights  with the design t a i l  were generally f a i r l y  
steady u n t i l  the model was  disturbed. Once an osc i l la t ion  s tar ted,  how- 
ever, it was almost impossible t o  ge t  the model s e t t l e d  down again and 
the f l i g h t  usually ended with the model crashing into the w a l l .  The 
l a t e r a l  motions of the model i n  f l i g h t  with the design tail arrangement 
are  presented i n  f igures  = (a )  and 13(a)  f o r  f l a p  up and f l a p  down, 
respectively . The f i r s t  f l i g h t  record i n  f igure  12 (a) represents the 
f l i g h t  charac ter i s t ics  of the model under more or  l e s s  steady f l i g h t  
conditions and the second i l l u s t r a t e s  the type of motion resul t ing f rom 
a disturbance. The flap-down model showed about the same charac ter i s t ics  
as  the flap-up model. (see f i g  . 13 (a) .) 

The re su l t s  of calculations made t o  determine the dynamic lateral 
s t a b i l i t y  charac ter i s t ics  of the model ( table  N and f i g s .  14 and 15) 
showed f a i r l y  good agreement w i t h  the f l i g h t - t e s t  r e su l t s .  These model 
r e su l t s  can be converted t o  fu l l - sca le  r e s u l t s  f o r  this par t icu lar  
airplane by multiplying the model values by the fac tor  . Plotted on 
f igures  14 and 15 are  the s t a b i l i t y  boundaries and the Cnp and - C z p  
values of the model with the d i f fe rent  t a i l  configurations. It is seen 
t h a t  the point representing the flap-up model with the design t a i l  'is 
s l igh t ly  on the unstable s ide of the R = 0 boundary and the point 
representing the flap-d-own model shows a very small amount of s t a b i l i t y .  
The calculated damping re su l t s  showed a period of 1.51 seconds and a 
time t o  double anplitude of 8.41 seconds (5.55 cycles) f o r  the flap-up 
model a t  a l i f t  coeff ic ient  of 0.60. With the f l a p  down, the period of 
the osc i l l a t ion  w a s  2.09 seconds and the time t o  damp t o  one-half 
amplitude was 37.51 seconds (17.93 cycles) f o r  a l i f t  coeff ic ient  of 1.2. 

. 

Also plot ted i n  f i v e s  14 and 15 a re  the NRCC values of Cnp 
and - C z P  f o r  purposes of comparison with the free-fl ight-tunnel data.  

From the r e s u l t s  of these figures,  it is seen tha t  the NRCC points a r e  
i n  the unstable region of the R = 0 boundary. The osci l la tory 
s t a b i l i t y  of the airplane is therefore expected t o  be somewhat worse 
than tha t  of the model i f  it is assumed t h a t  the s t a b i l i t y  boundaries 
f o r  the airplane a r e  s imilar  to those f o r  the model and the NRCC s t a t i c  
t e s t s  a r e  representative of the airplane. 
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Fl ights  made with increased t a i l  s ize  showed improved s t a b i l i t y  and 
control charac ter i s t ics .  A s  CnB was increased, the osc i l la t ions  
generally became more heavily h p e d  and f l i g h t s  became steadier .  With 
the large t i p  t a i l s ,  however, a moderate disturbance would s t i l l  start 
an osc i l l a t ion  that was d i f f i c u l t  t o  control.  The f l i g h t  records f o r  
the configuration with large t i p  tails ( f igs .  12 (b) and 13(b) ) shuw some 
improvement over the f l i g h t  records of the des,ign ta i l  configuration. 
The flap-down data of f igure 13(b) represent the type of motion resu l t ing  
from a disturbance and show t h a t  t h i s  osc i l la t ion  can be controlled. 
The r e su l t s  of f igures  14 and 15 show t h i s  condition t o  be s l igh t ly  
unstable w i t h  f l a p  up and s l igh t ly  s table  with f l a p  dawn. The calculated 
damping re su l t s  showed a period of 1.39 seconds and a time t o  double 
amplitude of 11 -59 seconds (8.35 cycles) f o r  the flap-up model a t  a l i f t  
coefficient of 0.60. With the f l a p  down, the period of the osc i l l a t ion  
was 1.74 seconds and the time t o  damp t o  one-half amplitude was 10.93 sec- 
onds (6.26 cycles) f o r  a l i f t  coeff ic ient  of 1.2. 

The flap-up model was a l so  tes ted  w i t h  design t i p  t a i l s  and large 
inboard t a i l s  and showed about the same f l i g h t  charac ter i s t ics  as  with 
the large t i p  t a i l s .  Figure 14 shows t h a t  the point representing t h i s  
configwration is s l ight ly  below the R = 0 boundary. The calculated 
damping showed a period of 1.31 seconds and a time t o  double amplitude 
of 21.60 seconds (16.50 cycles) f o r  a l i f t  coeff ic ient  of 0.60. 

W i t h  the fur ther  increase i n  direct ional  s t a b i l i t y  by the ins t a l -  
l a t i o n  of the large t i p  t a i l s  plus the large inboard tails, the s t a b i l i t y  
with f l a p  up was improved but  the model could s t i l l  be disturbed so as 
t o  s t a r t  an osc i l la t ion  which w a s  not  very heavily damped. The f l i g h t  
record of f igure 12 (c)  shows t h i s  condition t o  have about the same 
f l i g h t  charac ter i s t ics  as f igure 12(b) but  the opinion of the p i l o t  was 
that the configuration with large t i p  t a i l s  plus large inboard tails was 
the most s table  f o r  the flap-up conditions. The calculated s t a b i l i t y  
f o r  t h i s  condition showed a period of 1.16 seconds and a time t o  damp t o  
one-half amplitude of 18.28 seconds (15.80 cycles) f o r  a l i f t  coeff ic ient  
of 0.60. 

W i t h  the large t i p  and inboard t a i l s  and f l a p  down, the osc i l la t ion  
was d i f f i c u l t  t o  start and once it was s t a r t ed  it appeared t o  damp in 
two o r  three cycles. The f l i g h t  record of f i  e 13(c) shows about the 
same re su l t s  as  the flap-up data of f igure 12 $" c )  but here again the 
flap-up f l i g h t s  were generally a l i t t l e  worse than the flap-dawn f l i g h t s .  
The calculated s t a b i l i t y  f o r  t h i s  condition showed a period of 1-58 sec- 
onds and a time t o  damp t o  one-half amplitude of 4.31 seconds (2.72 cycles) 
f o r  a l i f t  coeff ic ient  of 1.2. 

It was found from the f l i g h t  t e s t s  of a l l  conditions that once an 
osc i l la t ion  was s ta r ted ,  the model was more d i f f i c u l t  t o  control w i t h  
coordinated ai lerons and rudders than with ai lerons alone. It has been 
found from previous experience in the f r ee - f l igh t  tunnel t h a t  models 
with poor Dutch r o l l  s t a b i l i t y  are  more d i f f i c u l t  t o  f l y  with combined 



ai leron and rudder control, probably became of too much favorable yaw 
due t o  the rudder. The favorable yawing moment t h a t  occurs when the 
rudders are  deflected i n  -the normal manner appears t o  help bui ld up the 
osc i l la t ion  once the model i s  disturbed. Some f l i g h t s  were made w i t h  
rudders reversed and the r e su l t s  showed tha t  f l i g h t s  were be t t e r  than 
those with rudder used in normal manner and were about as  good as f l i g h t s  
with ai lerons alone. 

Presented in f igure 16 are  the calculated damping charac ter i s t ics  
of the airplane and the damping required by the U. S. Air Force (refer-  
ence 8). It is seen tha t  the flap-down configurations a re  s l ight ly  more 
s table  than the flap-up configurations but none of the configurations 
meet the spec i f  ied  requirement . 

From the r e su l t s  of the investigation it appears tha t  f a i r l y  satis- 
factory l a t e r a l  f lying character is t ics  could be obtained on t h i s  airplane 
with a value of direct ional  s t a b i l i t y  

C n ~  
of a t  l e a s t  0 .OW. Good 

f lying character is t ics  could probably be obtained with a smaller value 
of Cn provided -the posit ive effect ive dihedral -CzB  couldbe  kept P 
small. 

Comparison of Tai l less  Glider with Conventional-Type 

Sweptbac k Airplane 

A comparison of the calculated dynamic l a t e r a l  s t a b i l i t y  character- 
i s t i c s  of the N.R.L. t a i l l e s s  g l ider  with those of a conventional-type 
sweptback f igh te r  havhg  a similar wing plan form and about the same 
incl inat ion of the longitudinal pr incipal  ax is  of ine r t i a  showed that 
the t a i l l e s s  gl ider  had poorer dynamic l a t e r a l  s t a b i l i t y .  A comparison 
of the mass and aerodynamic parameters showed a much la rger  value of 
the damping-in-yaw parameter Cnr f o r  the conventional type and a la rger  
value of the ro l l ing  radius-of-gyration fac tor  Kxo f o r  the a l l -wbg  
type. The smaller value of Cnr of the t a i l l e s s  g l ider  is due part ly  
t o  the shorter  t a i l  length which is inherent i n  t h i s  type of design, 
and the la rger  value of Kx0 of the t a i l l e s s  g l ide r  is  caused by the 
load d is t r ibut ion  along the wing typical  of all-wing airpllanes. An a l l -  
wing airplane usually has a mass dis t r ibut ion  similar t o  t h a t  of a 
conventional-type airplane with wing-tip tanks. The r e su l t s  of re fer -  
ences 9 t o  11 show t h a t  such a mass dis t r ibut ion  can be detrimental t o  
dynamic l a t e r a l  s t a b i l i t y .  In order t o  i l l u s t r a t e  the importance of Kx, 
on the l a t e r a l  s t a b i l i t y  charac ter i s t ics  i n  t h i s  par t icular  case, 
calculations were made t o  determine the period and damping of the l a t e r a l  
osc i l la t ion  f o r  the model with the value of the ro l l ing  radiw-of- 
gyration fac tor  Kxo reduced 25 and 50 percent. The yawing radius-of- 
gyration fac tor  Kzo was reduced simultaneously with Kxo because i n  
a prac t ica l  case reducing Kxo cannot be accomplished without a l so  
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reducing Kz0. Results of these calculations (presented i n  table  IT) 
showed large improvements in the damping charac ter i s t ics .  The calcula- 
t ions show t h a t  the l a t e r a l  o sc i l l a t ion  w a s  made s table  f o r  the 
N.R.L. t a i l l e s s  g l ider  in the design condition with f l a p  up by reducing 
the yawing and r o l l h g  r a d i i  of gyration. The value of these parameters 
required f o r  enough s t a b i l i t y  t o  meet the A i r  Force specification, how- 
ever, would be impractical t o  a t t a i n  f o r  t h i s  type of design. This 
e f f e c t  of mass dis t r ibut ion on l a t e r a l  s t a b i l i t y  character is t ics  is 
covered more f u l l y  i n  references 9 t o  11. 

Additional calculations were a l so  made t o  determine the e f f ec t  on 
l a t e r a l  s t a b i l i t y  of increasing Cnr t o  a value corresponding t o  t h a t  
of a conventional airplane. It was found t h a t  t h i s  increase in Cnr 
had a s t ab i l i z ing  e f fec t  on the l a t e r a l  s t a b i l i t y  character is t ics  but  
was  not a s  great  as  the s t ab i l i z ing  e f fec t  caused by reducing the value 
of Kxo t o  that of a conventional airplane, previously discussed in the 
preceding paragraph. Increasing Cnr t o  a value corresponding t o  tha t  
of a conventional airplane corresponded t o  about a 20-percent decrease 
i n  the value of Kxo. 

CONCLUDING RESlAIiKS 

The following conclusions were drawn from the r e su l t s  of the free-  
1 fl ight- tunnel  s t a b i l i t y  and control investigation on a --scale model 
10 

of a Canadian t a i l l e s s  glider:  

1. O n  the basis  of comparison of the free-fl ight-tunnel tests and 
higher-scale NRCC s t a t i c  t e s t s  it is expected t h a t  the longitudinal 
s t a b i l i t y  of the airplane w i l l  be sat isfactory w i t h  f l a p  up but unsatis- 
factory near the stall w i t h  f l a p  down. 

2 .  The airplane i s  expected t o  have unsatisfactory l a t e r a l  s t a b i l i t y  
and control character is t ics  i n  the design configuration with the f l a p  
up and f l a p  down. The model f l i g h t s  showed very low damping of the 
l a t e r a l  osci l la t ions.  

3. Increasing the v e r t i c a l - t a i l  area improved the l a t e r a l  s t a b i l i t y  
of the model and it appeared tha t  a value of Cnp of a t  l e a s t  0.002 per 
degree would probably be necessary f o r  sat isfactory l a t e r a l  f ly ing  
characteris t i c s  . 

4. A comparison of the calculated dynamic l a t e r a l  s t a b i l i t y  charac- 
t e r i s t i c s  of the N.R.L. t a i l l e s s  g l ider  with those of a conventional- 
type sweptback airplane having a s imilar  wing plan form and about the 



same incl inat ion of the principal longitudinal axis  of ine r t i a  showed 
t h a t  the t a i l l e s s  g l ide r  had poorer l a t e r a l  s t a b i l i t y  became of the 
re la t ive ly  larger  radius of gyration i n  r o l l  and the smaller damping- 
in-yaw fac tor  Cnr* 
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TABLE I 

DIMEN'SIOmAt AKD MASS CHARACTERISTICS OF N.R .L. TAILLESS GLIDER 

AKD SCALED-UP CHARACTWISTICS OF 5 - s ~ ~  MDE& TESTED 

IN LAFlGLFY FREE-FLIGm 

wing: 
A r e a , s q f t .  . . . . . . . . . . . . . - .  
Span , f t  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Aspect ra t io  
Sweepback, c/4, deg . . . . . . . . . . . . . . .  
Dihedral, deg (outer panels) . . . . . . . . . .  
Taper ratio, Tip chord/Center-section chord . . .  . . . . . . . . . . . . . . . . . .  Washout, deg . . . . . . . . . . . . . . . . . . .  M.A.C., f t  

Location behind L.E. center-section chord . . .  
Root chord, f t  . . . . . . . . . . . . . . . . .  
T i p c h o r d , f t .  . . . . . . . . . . . . . . . . .  
Wing loading, W/S, lb/sq f t  . . . . . . . . . . .  

Flap : 
Span, f t  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  Chord, f t  
Hinge line, percent center-section chord . . . .  

Full-scale 

3850 
2 -88 

Weight, l b  . . . . . . . . . . . . . . . . . . . .  
Relative density factor, w ,  m / p ~ b  . . . . . . . . .  

Deflection, deg . . . . . . . . . . . . . . . .  I 60 .oo I 

Scaled-up 

5060 
3.786 

Vertical-tail  surfaces: 1 I 
Design tail: 

Total area (2 t a i l s )  sq f t  . . . . . . . . . . .  
Rudder area (2 tailsj, s q  f t  . . . . . . . . . .  
Section . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Aspect ra t io  
Maximumdeflection . . . . . . . . . . . . . . . .  20° in, 20° 22 1 

Controllers: 
Total area, sq f t  . . . . . . . . . . . . . . . .  
S p a n , f t ( l )  . . . . . . . . . . . . . . . . . .  
Chord, f t  (constant) . . . . . . . . . . . . . .  

large tail (tip or inboard): 
Total area (2 t a i l s )  sq f t  . . . . . . . . . .  
R u d d e r a r e a ( 2 t a i l s j , s q f t  . . . . . . . . . .  
Section . . . . . . . . . . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . . . . . . .  
Maximum deflection . . . . . . . . . . . . . . .  

30 -00 
15 .OO 

~ C A  4306 
2 .O 

20' in, 20' out 

TrinmLing t ips  : 
Total area, sq f t  . . . . . . . . . . . . . . .  
S p a n , f t ( l )  . . . . . . . . . . . . . . . . . .  

Moments of i n  r t i a :  3 . . . . . . . . . . . . . . . . . .  Ix, slug-ft . . . . . . . . . . . . . . . . . .  Iz, slug-ft2 
Iy, slug-ft2 . . . . . . . . . . . . . . . . . .  

18.68 

4 1 
Center-of-gravity location: 

Percent center-section chord . . . . . . . . .  

Radius of gyration t o  wing span: 
k&/b . . . . . . . . . . . . . . . . . . . . . .  

52.00 (force tes t )  
47.0 t o  52.0 ( f l igh t  t es t )  

19.03 
2.580 
70 .oo 

60 .O longitudinal 
45.0 l a t e r a l  

12.00 
4 -21 

r n C A  0012 
3.5 

in, 38' out 



TABrn I1 

1 
VERTICAL- TAIL CO~IGURATIONS USED ON 5 - S C D  MOD& 

OF N .R . L a  TAIWXSS GLIlTER TESTED IN @ 
LANGLm ~ - l ' ? L I G H T  TUNNEL 

C ONFrnNTIAL 3 

Design t i p  t a i l ,  FFT 
Design t i p  t a i l ,  NRCC 
Large t i p  t a i l ,  FFT 
Design t i p  t a i l  plus large  

inboard ta i l ,  FFT 
Large t i p  % t a i l  plus large  

inboard t a i l ,  FFT 

Flap-down configuration, CL = 1.2: 
Design t i p  t a i l ,  FFT 
Design t i p  tail, NRCC 
Large t i p  t a i l ,  FFT 
Large t i p  t a i l  plus large  

inboard tail ,  FFT 
-----. - 
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WL;E I11 

SWILrrY DERIVATIVES AND MASS CHARBCTERISTICS USED 

I N  STABlLITY CAL-TIONS 

a ~ a i l  contributions are determined from the f ol lming equations : 

C 2 ~ ( t a i l )  = 2 - s s in  3' C Y ~  ( t a i l )  

Flap-down condition 

5.06 
3 -735 
4.667 

o -00238 
3 0786 
0 ,207 
0.220 

o ,000695 
0.130 

0 
1.20 
4 .O 

-3 a 2  
7 -2 

-10.4 
0 
0 

-0.0458 + CYP (tail) 

0.0344 + Cnp(tail) 

-0.30 + C 2  
 tail) 

-0.055 + cnp(tail) 

O e 2 0  C l r ( t a i l )  

-09025 + cnr(bil) 

b ~ a r i a b l e  

Items 

w, ~b 
s, f t2  
b, f t  
P 
~b 
K~ 

3 
CL 
a, deg 
€ 9  deg 
'I, deg 
Y, a% 
Cyp, per radian 
Cyr, per radian 
Cyp, per radian 
a cnp,' per radian 

a ~ 2  , per radian 
P 

a ~ n p 9  per radian 

~ C Z ~ ,  per radian 

aCnr, per radian 

1 I  tai tail) per radian 

- 
'"P( t a i l )  - ',(tail) - - -2-fi b b .  - 4 b ,in a)cy P(tai1) 

-- 

Flap-up condition 

5.06 
3 8735 
4.667 

0 .ow38 
3 -786 
0 .207 
0.220 

o .00107 
0 .l30 

0 
0.60 
8 .O 

-3.2 
l l . 2  

-1l.2 
0 
0 

- O w o 4 9  + C Y ~ ( t a l l )  

O e03& + C n ~ ( t a i l )  

-0.30 + C 2  
P (tail) 

-09055 + cnp(tail) 

0'10 + C ~ r ( + , ~ i ~ )  

-0*016 + Cnr(tail) 

bVariable 

b ~ a r i e d  systematically as independent variable. 



CALWTED PERIOD AW DAMPING DATA FOR *-SCAU MODEL 

OF N.R.L. T A m S S  GLIDER 

Aperiodic modes 

Tei l  

Oscillatory mode 

Configuration 
Rolling 

C O N F I r n I A L  

C n ~  
( ~ e r  deg) 

I 

C~ 

Flap up 
DO--------- 

Do - - - - - - - - - 
D ~ - - - - - - - - -  

Flap d m  
DO--------- 

D ~ - - - - - - - - -  

Flap up 
%/b, Qo /b  reduced 

25 percent 

kXo/b, kzo/b reduced 

50 percent 

'2 
( c ~ c l e s )  

Spi ra l  

T1* 
(set) 

D e s i g ~  t i p  
Large t i p  
Design t i p  plus 

large inboard 
Large t i p  plus i 

-c z p  
( ~ e r  deg) 

0.00095 
.OOll5 
.001p 

.00175 

.00090 

.00140 
,0018 

,00095 

.00095 

0.60 
-do- 
-do- 

-do- 

1.2 
-do- 
-do- 

.60 

-60 

Period T112 
(set) 

T2 
(set) 

large inboard . 

%sign t i p  
Large t i p  
Large t i p  plus 

large inboard 

I B s i g ~  t i p  

Design t i p  

0.00125 
.00145 
.0016 

.OM0 

.00095 

.00130 

.00135 

a00125 

'00125 

Tl/2 
(set) (set) 

Q 
(set) 

17-93 ----- 
6.26 ----- 
2.72 ----- 

'112 
(cycles) 



CON Fl DENTIAL 

Reference axia 
\ 
\ 

Principal axis \, 
Xv 

. - 

Horizontal axia 

Figure 1.- System of axes and angular relationship i n  f l ight .  Arrows 
indicate positive direction of angles. q = 8 - 7 - E. 
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YACA RM No. sUC28 

CON FI DENTIAL 

X - 
WIND DIRECTION 

figure 2.- The stability system of axes. Arrows indicate positive 
directions of moments, forces, and control-surface deflectione. 
This system of axes is defined as an orthogonal system having 
their origin at the center of gravity and in which the Zelsie 
is in the plane of symmetry and perpendicular to the relative 
wind, the X-axis is in the plane of synnnstry and perpendicular 
to the -is, and the Y-axis is perpendicular to the plane of 
synmretry . CONFl DENTIAL 



00 o NACA RM NO. SLgC28 
t 0 .  
D C, 
e e 
00.0 

b e 
D 0 

CON Fl DENTlAb 
60eO 1576- 

3.73 ft" 
+ 6 4 f f  

Aspecf ratio 583 f+ 
Taper ratio 0.323 
C G. Lwaf~m 52 % 

center sccfron chord 

f f ~  large tall are0 -080 S W / ~  f011. 
aspecf ratto 2.0 

Figure 3.- Three-view drawing of a -- I scale model of N.R.L. tailleee 
10 

glider used in the,Langley free-flight-tunnel investigation. AU, 
dimemions in inchee. CONF~DENT~AL 



CON FI DENTIAL 

• • • • • •••• 

• •• • • • •• • • •• • •• • • 
• • • • ••• 

Figure 4.- Top view of a JL-scale model of N. R.L. tailless glider tested in Langley free-flight tunnel. 
10 CONFIDENTIAL 
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CON FI DENTIAL 

Fi gure 5.- Three-quarter f ront view of Jl-scale model of N.R.L . t ailless glider tested in Langley 
10 
free-flight tunnel . 
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CONFIDENTIAL 
Trimmers 

Source Center Outboard 

0- FFT 0 0 0 
0--FFT -20 -20 -20 
A--- NRCC 0 --- --- 

Trimming Tips 
n 

Pttchmg - moment 
coef ficrent , Cm 

Figure 6.- Lift, drag, and pitchiwymment characteristics of &-scale 

model of N.R.L. tailless glider tested in Langley free-flight tunnel 
compared with similar data fron NRCC. Center of gravity = 52.0-percent 
center-eection chord; = 0; Br = 0; Sf = 0;  q = 3.00 pounds/square foot 
for free-flight-tunnel data and 26.8 pounds/equare foot for NRCC data. 

CON FIOENTIAL 



O b  
NACA RM No. wc28 

B * .  
m L* 

..** 
B * 
B 0 
a*.. 

CON Fl DENTIAL 
Trimmers  

Source bc Center Outboard Trimming tips Canopies bf 

0--FFT -20 0 -20 -20 Off 600 
v ---- NRCC -15 --- --- -15 On 6 8  

Angle of ottock, a, deg 
.I0 0 -.I0 

Atchmg -momen$ Cm 

1 Figure 7.- Lift, drag, and pitchinmment characteristics of ----scale 10 
model of N.R.L. tailless glider with flap deflected tested in the 
hngley free-flight tunnel compwed with similar data from MICC. 
Center of gravity = 52.0-percent center-eection chord; $ = 0; €ir = 0; 

q = 3.03 pounds/square foot for free-flight-tunnel data 
and 26,8 pounds/square foot for MiCC data, 

CONFIDENTIAL 



NACA RM No, ~19~28 

CON Fl DENTlAL 
Source 6c Center Outboard Trimming tip Tail 

0- FFT -20 -20 -20 -20 Design tip 
0-- FFT -20 -20 -20 -20 Large tip 
0----FFT -20 -20 -20 -20 Design tail + large inboard 
A-------FFT -20 -20 -20 -20 Large tip + large inboard n--- FFT -20 -20 -20 -20 

mcc 0 --- --- --- ,Off 
Design tip 

A mcc 0 --- --- --- Off 

0 .2 4 .6 B 10 A2 
L i f t  coefficient, CL 

Figure 8.- Lateral stability characteristics of A- scale model of 
10 

N.R.L. tailles~l glider tested in -ley free-flight tunnel 
compared with the data of the NRCC . Center of gravitX = 52-percent 
cente~section chord for free-flight-tunnel data and 51.0-percent 
cente~eection chord for NRCC data. 6, = 0; 6f = 0; 

q = 3.00 pounds/square foot for free-flight-tunnel data 
and 47.5 pounds/equase foot for NRCC data. 
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NACA RM No. SLgC28 

CONFIDENTIAL 
Trimmers 

Source 6 Q Center Outboard Trimming Tip Canopies Tai l  
o------ FFT -20 60 0 -20 -20 Off Design tip 
0- -FFT -20 60 0 -20 -20 Off Large tip 
A----FFT -20 60 0 -20 -20 Off Large tip + large inboard 
N R C C  0 45 -- --- -10 On Design tip 

3 

Figure 9 .- Ieteral stability characteristics of $- scale modal of 
N.R.L. tailless glider with flap deflected tested in Langley free- 
flight tunnel and compared with data of NRCC. Center of 
gravity = 52.0-percent center-section chord for free-flight- 
tunnel data and 51.0-percent center-eection chord for NRCC data, 

= 0; q = 3 .OO pounds/square foot for free-flight-tunnel data 

and 47.5 pounds/square foot ,for NRCC data. 
CONFIDENTIAL 



moo- 

CONFIDENTIAL 
7 deg - 0 --- /O 

0--- 20 

R ~ g b t  aileron deflecflon, tit&, deg 

Figure 10.- Variation of aileron effectiveness with angle of attack 

for &-scale model of N.R.L. tailless glider tested in -ley 

freeflight tunnel. Center of gravity = 52.0-percent center- 
section chord; q = 3.00 pounds/sqwe foot; 8 = -200; design 

vertical tail; Trimmers = -20'; Trimming tips = --20°. 
CONFIDENTIAL 
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B08.00 . NACA RM NO. swc28 

CONFIDENTIAL s, de!i7 

F i v e  11.- Variation of rudder effectiveness with angle of attack for 

the A-scale model of N.R.L. tailleas glider tested in Langley free- 
10 

flight tunnel. Center of gravity = 52-percent center-eection chord; 
q = 3 .OO pounds/square foot; design vertical tail; 6c = -20°; 
Trimmers = -200; Trimming tips = -200; 6 = 00. 

CONFIDENTIAL 
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RM No. SWC28 

$3 CON Fl DENTlAL 

3 
$2 U U U n f  

30 .+$ 
'-----I& + 

c=b e 
20 * 

6 (percent) section chord) Flight condition 

I I I I I I I I I I I I I I I I ~ I I  
(a) Design tip tail. 

25deq def/ecf/on 
I 

Q 
B (b) Large tip tail. 

(c) Large tip tail plus large ihboard tail. 

Figure 12.- Flight records of m- scale model of N.R.L. ta i l lees  glider 

obtained in  Iangley free-flight tunnel. Flapup configuration; 
ailerons alone. CONFIDENTIAL 



s CONFIDENTIAL 
-i= $3 
f ,  ,- 

me*. 
* 

re*. 

~ter- ~rd) F'light conditior 

Disturbed 

(a) Design tip tail. 

\ 

8~ 25 ueq. d&/eccf 
U b  
8- " ,, i 
-&Q +T 

(b) Large tip tail. 

c.g. 
CL (percent center- 

(percent) section chord) Flight condition 

0.87 52 steady 

0 2 4 6  6 /O /Z 
m e . ,  secor;ds 
(c) Large tip tail plus large inboard tail. 

Figure 13.- Flight records of A- scale model of N.R.L. taillesa glider 
10 

obtained in hngley free-flight turnel. Flap-down configuration; 
ailerons alone. CON Fl DENTIAL 



NACA RM NO. sL9C28 

CONFIDENTIAL 

condition 
C 

Source Configuration 

FFI! Design t a i l  
FPT Large t i p  tail 
FFT Design tail + large inboard tail 
FFT Large t i p  tail + large inboard ta+l 
mRCC Design t a i l  

E ffe cf/ve d,hedrol para me fer, -C+ 

Figure 14 .- Neutral-lateral--oscillatory-stab ility boundary f br - - scale 10 
nodel of N.R.L. tailless glider. Flaps up; CL = 0.6b. 
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NACA RM No. S ~ g ~ 2 8  

CONFIDENTIAL ...a . 
C... Condition Source Codigurat ion 

0 FET Design t a i l  
FFT Large t i p  t a n  

b FIT Large t i p  tai l  + large inboard t a i l  
A NRCC Design tail 

C 

Figure 15.- Neutral-lateral-oscillatory-stability boundiwry f o r  -- I scale 
10 

m d e l  of N.R.L. tailless glider .  Flap down; CL = 1.2. 
CONFIDENTIAL 



Condition Tail configuration 

0 Design tip 

8 Large tip 
Design tip + large inboard 

b Large tip + large inboard 

0 2 4 6 8 
Pe.r/od , seconds 

Figme 16.- Comparison of calculated damping chaxacterietics of 
N.R.L. tailless glider with U. S. Air Force damping specificationa, 

Restriction/Classification Cancelled

Restriction/Classification Cancelled




