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TBE lXE'LmCE OF DIMENSIONAL MODIFICATION5 UPON THE SPIN AND 

m O V E R Y  CHARACTERISTICS OF A T ~ ~ S  ASHPLANE MODEL 

By Ralph W. Stone, Jr., and h e  T. Daughtridge, Jr. 

An investigation has been conducted in the Langley 20-foot free- 
1 
L splnnlng tunnel on a --male model of the Cornelius XFG-1 glider, a 

1.7 Q 
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Milless design having its wings swept forward 15O. It was previously 
found to possess erratic spin and recovery characteristics, and tests 
were made to determine modifications which would lead to normal steady 
spins w i t h  consistently good recoveries. 

The results of the investigation indicated that modifications that 
did not appreciably alter the basic design did not appreciably improve 
the spin and recovery characteristics. In this instance it appears that 
the sweptforward wing is the cause of unsatisfactory spin and recovsry 
characteristics. 

INTRODUCTION 

Tests of models of the Cornelius XFG-1 glider have been made in the 
Langley 20-foot free-spinning tunnel and are reported in references 1 
and 2. These results showed that the glider would spin srratically and 
that full reversal of the rudder followed by full reversal of the elevator 
would be necessary to stop the spin and to regain normal flight. F$rphasia 
was made on the fact that care must be exercised by the pilot in order to 
avoid entering an inverted spin following recovery from the erect spin. 
Subsequent to the model tests spin tests were made on the second full- 
scale Cornelius X F G l  &.ider (the f irst glider having been lost during the 
initid. full-scale spin tests. (See reference 2. ) During spin tests of 
the second glider, the pilot was able to recover from a win in one attempt, 
but in another attempt use of a spin-recovery parachute was necessary. 'Ihe 



g i l o t  f e l t  tha t  because .of the osc'illatory nature of the spin, the sequence 
of control movements required for  recovery was too c r i t i c a l  -and that  recov- 
ery by control movement might not always be possible. 

I n  view of the di f f icul t ies  encountered with this design and because 
of general in teres t  in  t a i l l e s s  airplanes, A i r  Materiel Command, 
U. S. A i r  Forces, requested further t e s t s  of the Cornelius XFG-1 glider 
d e s i s  i n  the Langley spin tunnel t o  determine modifications which would 
cause a normal steady spin with consistently good recoveries. 

The present t e s t s  were performed w i t h  a model ba3lasted t o  s imla t e  
the loading of the second glider during its full-scale spin tests .  During 
th i s  investigation, determination was made of the effects of increased 
rudder deflections, of increased rudder chord, of instal lat ion of slats, 
spoilers, ventral f ins,  and horizontal tails of varying size asd aspect 
rat io,  of increased ver t ica l - ta i l  length, of wing f i l l e t s ,  and of changes 
in wlng aspect ratio. 

wing span, f e e t  

wing area, square f e e t  

mean aerodynamic chord, f ee t  

ra t io  of dZstance of center of gravity rearward of leading 
edge of mean aerodynamic chord t o  mean aeroaynamic chord 

ra t io  of distance between center of gravity and fuselage 
center l i ne  t o  mean aerodynamic chord' (positive when 
center of gravity i s  below fuselage center line) 

mass of glider, slugs 

P a i r  density, slug per cubic foot  

CL relat ive density of airplane 

Ix, IY, IZ moments of iner t ia  about X-, Y-, and Z-body axes, respec- 
tively, slug-fee t2 

IX - IY 
iner t ia  yawing-moment paramter m e  

1 L 
iner t ia  rolling-moment parameter 

mb2 
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iner t i a  pitching-moment parameter 

angle between fuselage center l i ne  and ver t ica l  (approxi- 
mately equal t o  absoluts value of angle of attack at 
plane of symmetry), degrees ' 

angle be-tiwesn span axis and horizontal, degrees 

full-scale true ra te  of descent, f ee t  per second 

full-scale angular velocity about spin axis, revolutions 
per second 

helix angle, angle between f l i gh t  path and vertical,  degrees 

approximate angle of sideslip a t  center of gravity, degrees 
(Sideslip is inward when the inner wing is down by an 
amount greater than the helix angle.) 

Model 

I A new --scale model of the Cornelius XFG-1 glider was used for  
17.8 

these tests. The model was bu i l t  by the Langley Laboratory with provis iaa  
fo r  dimensional modifications fo r  Wle present investigation. A three-view 
drawing of the model i s  presented i n  figure 1. The dimensional character- 
i s t l c s  of the full-scale glider are given i n  table I. Photographs of the 
model shorn in figure 2. 

The model was ballasted with lead weights t o  obtain dynamic similarity 
to  the a i d e r  at  an al t i tude of 28,000 f ee t  (p = 0.000957 slug per cubic 
foot) .  This rather high al t i tude was necessary 5n order t o  permit accurate . 

ballasting of the model, which was bu i l t  strongly and heavily to  avoid 
frequent damage during testing. A remote-control mechanism was installed. 
in the model t o  actuate the controls f o r  recovery tests .  Sufficient 
mments were exerted on the control surfaces durhg  recovery tes t s  t o  move 
the controls fu l ly  and rapidly. 

Wind &el and Testing Technique 

The model t e s t s  were performed i n  the Lasgleg 20-foot free-spinning 
tunnel, th3 operation of which i s  similar to  that  described i n  reference 3 
@-- +he Langley 15-foot free-spinning tunnsl. The tschniques used f o r  
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obtaining and converting data f o r  the present free-spinning tes t s  were 
the same as those uoed i n  references 1 and 2 and described i n  reference 3. 

Spin-tunnel t es t s  are made t o  determine the spin and recovery 
characteristics of the mdael f o r  the normal-spinning-control configuraticn 
(elevator f u l l  up, aileron neutral, a d  rudder f u l l  w i t h  the spin) and at 
various other aileron-elevator control combinations, including zero and 
maximum deflections. Recovery i s  normally attempted by rapid, f u l l  rudder 
reversal, although, f o r  the present Investigation, some recoveries were 
also attempted by various cozibinations of simultaneous'rudder and elevatar 
movements. The cri terion f o r  a satisfactory recovery in the tunnel has 
been adopted as  two turns or l e s s  by rudder reversal or  a conibination of 
rudder and elevator reversal. This value has been selected on the basis 
of spin-tunnel experience and on the basis of compaxable full-scale spin- 
recovery data that  are available. 

Precisian 

The model t e s t  results  presented herein are believed t o  bs the true 
values given by the model within the following limits: 

u ,deg ree .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl . . . . .  $, degree . . . . . . . . . . . . . . . . . . . . . . . .  .:. 2 1  
V,percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Sl, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
Turns fo r  recovery: . 

I . . . . . . . . . . . . . . . . . . . .  Frommotion-picture records *- 
4 
i From visual observation . . . . . . . . . . . . . . . . . . . . .  f- 
4 

The preceding limits may have been exceeded f o r  the spins which were 
wandering or  extremely oscillatory and, therefore, d i f f icul t  to  control i n  
the tunnel. 

Comparison between model spin and aimlane spin results  (references 3 ' 

and 4) indicates that  spin-tunnel results  are not always i n  complete agree- 
ment with airplase spin results.  In general, the models spin at  a some- 
what smaller angle of attack, a t  a somewhat higher ra te  of descent, and a t  
from 50 t o  10' more outward sideslip than do the correspaiding airplanes. 
The comparison made i n  reference 4 f o r  21 airplanes showed that  approxi- 
m a t e l y  80 percent of the models predicted sat isfactori ly the number of turns 
required f o r  recovery from the spin for  the corresponding airplanes anh 
that  approximately 10 percent overestimated and approximately 10 percent 
underesthated the number of turns required. It cannot be stated fo r  
certain whether or not t h i s  applies to  such an unusual configuration a s  
that  of the Cornelius XFG-1 glider as  the coxgarison mentioned above was 
made for  conventional airplanes; however, existing full-scale results  on 



the Cornelius XFG-1 glider are i n  general agreement w i t h  spin-tunnel model 
results,  especially with regard to  the general oscillatory motion of the 
spin and the rates of descent and rotation. 

Because it is impracticable t o  bal las t  the model exactly and because 
of inadvertent damage t o  the model during tests ,  the measured weight and 
mass distribution of the model varied from the t m e  scaled-down values 
within the following limits: 

Weight,percent. . . . . . . . . . . . . . . . . . . .  F r o m O t o 2 h i g h  . . . . . . .  Center-of-gravity location, percent E From 0 t o  2 rearward 
Moments of inertia: 

IX, percent . . . . . . . . . . . . . . . . . .  Fromlh igh  t o  9 high 

IyJ  percent . . . . . . . . . . . . . . . . . .  From 2 low t o  16 high 

. . . . . . . . . . . . . . . . .  IZ, percent From 2 high t o  16 high 

The accuracy of measuring the weight and mass dis-tribution is believed 
t o  be within the following limits: 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Weight, percent f 1 
Center-of -gravity location, percent F; . . . . . . . . . . . . . . . .  f 1 . . . . . . . . . . . . . . . . . . . . .  Moments of inertia,  percent *5 

0 
Controls were s e t  with an accuracy of +1 . 

Test Conditions 

A l ist  of the conditions tested on the model is presented in table 11, 
and sketches of the modifications used f o r  the various conditions are pre- 
sented i n  figures 3 t o  14. For some of the conditions'tested, the aspect 
ra t io  of the wing was changed. (see f ig .  9. ) This change was obtained by 
decreasing the span of the original wing. 

All the t es t s  except those with the decreased whg aspect ra t ios  were 
performed with the model loaded to  represent tihe second glider as it was 
loaded when flight-tested; th i s  loading is subsequently referred t o  in 
th i s  paper as  the normal loading. For a few tes ts ,  the center of gravity 
was moved rearward from the normal position, and f o r  other tests ,  the 

iner t ia  yawing-moment parameter =x - IY was increased positively. The 
mb2 

loadings fo r  the two cases i n  which the wing aspect ra t io  was decressed 
were arrived a t  by keeping tile model wing loading constant and by decreasing 
the moments of iner t ia  about all three body axes in proportion t o  the 
resulting decrease i n  weight; in each case the center of gravity was moved 
i n  order that  it would remain a t  a constant percentage of the mean aero- 
dynamic chord, which increases i n  length as the aspect ra t io  decreases. 
The mass characteristics and iner t i a  parameters f o r  the glider lsading and 
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f o r  a U  the loadings tested an the model are given in table 111. The 
iner t i a  parameters f o r  the actual model loadings tested and f o r  the full- 
scale glider loading are plotted i n  figure 15. 

The maxlrmun control deflections used in the t es t s  were as follows: 

. . . . . . . . . . . . . . . . . . . .  Rudder, degrees 25 right,  25 l e f t  
Elevator, degrees . . . . . . . . . . . . : . . . . . . .  30 up, 20 down . . . . . . . . . . . . . . . . . . . .  Ailerons, degrees 2 0 ~ 2 ~ 1 5  down 

Alternate and intermediate control deflections used were as  follo-m: 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Rudder, degrees 45 ri#t . . . . . . . . . . . . . . . . .  Elevator, -t.wo-thirds down, degrees 14 . . . . . . . . . . . . . . . . . .  Elemtor, one-ird down, degrees - 7  

Before s tar t ing the regular t e s t  program, repeat spin t e s t s  of the 
model i n  the origjnal XE'G-1 configuration were made and the results  are 
presented in chart 1. The results  of t e s t s  of model conditions involving 
revisions which had l i t t l e  or  s l ightly adverse effect  an the spin and 
recovery characteristics are presented i n  table IT. Charts 2 t o  5 present 
the results of model conditions in which the revisions tested improvad tb 
spin and recovary characteristics. A l l  the tests &re presented f o r  spins 
to  the p i l o t ' s  right; however, check spins were made periodicallycto the 
p i lo t ' s  l e f t  to insure that  the model performed sgmmetrically and that  tb3 
results presented were a true representation of expected full-scale results. 

Original Condition 

The results  of t es t s  w i t h '  the model in the original configuration 
(chart 1 )  are in  general agreement with the results  f o r  corresponding 
conditions reported in references 1 and 2. In general, the model spun i n  
a f l a t  s ta l lad  at t i ixde and was oscillatory about all three axes. The 
rotation about the ver t ica l  axis was stopped by rudder reversal, but when 
the elevators were up or neutra.l the model usua3l-y remained in a stalled 
glide a f t e r  the rotation had ceased. Recovery tes t s  made by movament of 
both the rudder and the elevators showed that  movement of the elevators 
to  f u l l  down mde the model dive from i t s  normally f l a t  s ta l led  attitude. 
Figure 16 13 a reproduction of a motion picture of a spin of the model in  . 
the original condition at  the normal control configuration f o r  spinning 
(stick f u l l  back and la te ra l ly  neutral, and rudder f u l l  with the spin). 

The oscillations obtained on the model are similar to  those reported 
fo r  conventional type airplanes i n  reference 5. Reference 5 indicates, 
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however, that cha.nges in mass distribution such as t o  increase positively 
or  decrease negatively the value of ine r t i a  yawing-momnt pamnmter lead 
to  steady spins or at  l ea s t  l e ss  violent conditions. Variations in mass 
distribution on the B'G-1 design (table IT and reference 1 )  aid not 
influence the oscillations obtained and it i s  believed there-fore that  the 
oscillations are the resul t  of the swept-forward t a i l l e s s  configuratioa 
rather than the distribution of mass or  of side area as  indicated f o r  
conventional airplanes i n  reference 5. 

The p i lo t ' s  report of the spin tests of the secoad XE'G1 glider 
substantiated the @neral characteristics of the spin as obtained on the 
spin-tunnel model. A s  previously indicated, however, he f e l t  that the 
necessary control movements required f o r  recovery were too c r i t i c a l  and 
that recovery m a y  not always be possible. It may have been that, because 
of the oacillatorg motion, the p i l o t  found it d i f f i cu l t  to  properly orient 
himselP to  make the proper controlnovements. Also bscause of the violence 
of the oscillatory motion, the glider may have entered an inverted condi- 
tion during recovery so rapidly that  tQe p i l o t  was not aware that  the 
glider had passed through the unstalled region. Danger of rapidly entering 
such an inverted condition is  indicated by the results  of chart 1 and 
warning of this m e r  was made in references 1 and 2. 

The results  of numerous revisions made t o  the model in i t s  orig3nal 
condition which had negligible or  adverse effects on the spin and recovery 
chmacteristics of the model are presented i n  table IV(a). In order t o  
expedite the t e s t  program, many of the revisions presented in table I V  

, which dld not appear very promising were not tested completely. The tes t s  
were made fo r  various representative control configurations and the results 
so obtained were considered an indication of the degree of effectiveness 
of the revision. These results  are not discussed in de ta i l  but are pre- 
sented as an indication of the variety of modifications considered and as 
an indication of the diff iculty of making the XFG-1 configuration satis- 
factory as regards normal steady spins w i t h  consistently good recoveries. 

Lncreased Vertical-Tail Length 

Consideration of the problem indicated that  possible improvement of 
the spin and recovery characteristics of the XEG-1 design could be obtained 
if the ver t ica l  t a i l  Rlnd rudder were more exposed in spinning attitudes. 
In order t o  unshield the rudder from the wake of the wing, the ver t ica l  
t a i l  was moved reasward, a distance equal t o  one-half the mean a e r o m c  
chord. (see f ig .  10.) The results  of t es t s  with the vert ical  t a i l  i n  . '  
th i s  position axe presented in chart 2. Camparison of the resulta in 
chart 2 with those i n  chart 1 showed some improvement i n  that there appeared 
to be more of a tendency f o r  the model t o  spin a t  somewhat steeper average 
attitudes. The vlolence of the oscillations were, however, neaxly as  great 
as f o r  the original condition and the down movsment of the elevators f o r  
regaining unstalled f l i gh t  was s t i l l  necessary. Figure 17 i s  a re2roduction 
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of a motion picture of a spin of the nodel with increased ver t ica l - ta i l  
length f o r  the normal control configuration f o r  spinning (rudder f L C L  with 
the s p b ,  ailerons neutral, md  elevators full up). 

The results  of t es t r  of s e v ~ r a l  o t h r  revisions to  the ~ o d e l ,  v i t h  
the ver t ica l  t a i l  in i t s  rearward position, which had l i t t l e  o r  no addi- 
tional effect  on the spin and recovery charactsristics of the model, are 
presented in table IV(b). 

Instal lat ion of Horizontal. Fins and ~ b i p s  

Results oP the t es t s  presented i n  table IV(b) indicaked that  
instal lat ion of horizontal f i n s  and s t r ips  had a small f'avorable effect 
upon the spin and recovery characteriotics and, accordingly, these aodi- 
fications were tested i n  combination with increased tail  length. The 
results  of these t es t s  are yresented i n  c h m s  3 and 4 f o r  two center-of- 
gravity positions and indicate a definite trend f o r  the spins to be st a 
steeper average angle of attack than were "dose f o r  the model without 
these revisions. The spins, however, were s t i l l  oscillatory as crem those 
fo r  the unrevioed model. Figure 18 is a reproduction of a motion p i c t ~ r e  
of a spin of the model i n  this c~nil i t ion fo r  the no& zontrol zanfigz- 
rations f o r  spinning. The rasults  of recovery t e s t s  showed a derin-lte 
improvewnt iii the required recoveq procsdure i n  tha t  it was necassary 
only t o  neutmlizs the rudder and 50 nov6 Yae st ick t o  only ttro-.t3ird3 
forwwd t o  o3tain s a t i s f ac toq  recovaries. The dangers coincident d t h  
the n e c s n s q  control mvemntu f o r  the unrevised design are i n  par t  
avoided in tha t  mrely neutralizing Cat3 r ~ d d e r  w i l l  not be conducivs t o  
s tar t ing the inverted spins warned against, and movement of tke st ick -I;(, 
only bra-thirds foriard w i l l  not cause the airplane t o  g3 into a3 invsrtad 
att i tude as readily. It i s  believad, ho~revar, tha t  som of the di f f icul t ies  
encountsred i n  full-scale spins fo r  the original design m y  s t i l l  he 
enco=ltersd primarily because of tine oaciUations which p e r s i ~ t  svs~l  with 
these mvisimu. -4 coxgarison of the rsaults  of charts 3 and 4 indicsts 
only l i t t l e  effect o r  r e w a r d  canter-of-gravity movement on the spin and 
recovery characteristics. 

Cogparison with Sweptba6k Tailless Designs and Effect of 

Adding a Eorizontil Tai l  

Inasmuch as none of thgmodifications investigated was effective in 
eliminating the oscillatory apinning characteristics, a congarison was 
made with  msalts of spin-Dmel test8 o.? waptback t s i l l a s s  configuratians 
and the ePPect of adding a horizontal tail was investigated. The compari- 
son with t're spin chtwacteriotics of models oC' several aweptback t s i l l saa  

. design:3 indicated t.ha t !lone had the oscillstory spinning charactaris t ics  
of the sfley tf orward XFG-1 design. For one design havl-rg i t s  wing swapt 
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back 35' and having unshielded vert ical  f i n  and rudder area, steady spin 
and satisfactoqy recoveries were obtained. S t  appears, therefore, that 
the diff iculty encountered i n  the present investigation may be attributable 
to  the forwml sweep of the wings. Teats with a horizmtaJ. t a i l  installed 
(chart 5 ) ,  however, indicate that  w i t h  such an instal lat ion normal steady 
spins and satisfactory recoveries can be obtained. It appears, therefore, 
that the unsatisfactory oscillatory spinning characteristics of the 
XFG1 desiga are the result of the sweptforward and t a i l l e s s  com3inatian. 

Based on the results  of t es t s  of a A - s c a l e  model of a t a i l l ess  
17.8 

design having i t s  wings swept forward (~ornel ius  XFG-1 glider) , the 
following conclusions regard- tha apin and recovery characte&stics of 
the slrplane are made: 

1. Revisions wh-lch do not appreciably a l t e r  th3 basic design w i l l  not 
appreciably lmprovs the spin and recovszy characta-riatics of the airplane. 

2 .  In th i s  instance it appears that  the sweptforward wing is the 
cause of unsatisfactory spin and recovery characteristics. 

b q l e y  Aeronautical Labora,tory 
National Advisory C o d t t a e  f o r  Aeronautics 

Langley Field, Va. 

k p h  W. Stone, Jr. v 

Aeronautical Research Scientist 

Approved : &&a 
Thorns A. H ~ i s  

Chief of Stabil i ty Researcb Division 
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I . . DIMENSIOlUL CHARACmSTICS OF THE CORlELIUS XFG-1 GLIDER 

Wingapan. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
Isngth over all. f t . . . . . . . . . . . . . . . . . . . . . . .  29.4 

Wing: 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  356 
Incidence. deg 

Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 

~ s p e c t  r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.2 
Dihedral along quarter-chord l ine,  deg . . . . . . . . . . . . . . .  2 
Sweepforward a t  quarter-chord line, deg . . . . . . . . . . . . .  15 
Meanaerodynamic chord,in . . . . . . . . . . . . . . . . . . .  85.82 

Ailerons : 
Area (rearward of hinge l ine).  sq f t . . . . . . . . . . . . . .  31.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span. i n  171 . 25 
Chord (rearward of hinge l ine).  percent wing chord . . . . . . . .  20 

Elevator: 
Area (rearward of hinge line). sq f t . . . . . . . . . . . . . .  36.4 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  107 

. . . . . . . .  Chord (rearward of hinge line). percent wing chord 25 

Vertical t a i l :  
Area .  s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Span (from center l ine  of glider). i n  . . . . . . . . . . . . . . .  125 
Rudder area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  19.4 
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Data on 
Uumbar BloIodifications Figure 

Chart Table 

Original vertical tail 
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TABLE 111.- MASS CXARkCTERISTICS AND INBCM PAMMIFEW FOR THE LOADIF2 OF 'IIIE CORTEUUS XFG1 GUIBX AND 

FOR LOADINGS !?ESTED ON THE MODEL 

podel values converted t o  corresponding full-scale values and moments of iner t ia  are given about the center of gravity] 
7 

Condition 

Normal loading, 
original tail 4561 0.20 0.02 3.10 7.70 4870 

I 

Center-of-gravity 

Glider values 

Normal loading, 
aspect ra t io  5.67 

Moments of i rtia 2 (slug-feet ) 

Relative 
airplane 

Weight 
(lb 1 

N o d  loading 

Normal loading, 2913 0.19 0.~02 6.13 15.24 2699 
aspect ra t io  3.58 

I 1 I I I I 

Mass paraneters 
location , density 

0.02 1 3.09 1 7.67 1 4805 1 4310 I %W 1 7.2 x loe4 1 -99.5 x lo-' 1 92.3 x id4 

Normal loading, 
lengthened tail 4530 0.20 0.02 3.08 7.65 4831 

I 

Model values 

C.g., 5 percent 5 r e m d  
4530 0.25 0.02 3.08 7.66 4829 lengthened ta i l  

IX and IZ increased 
159 percent IX, lengthened 5030 0.20 0.02 3.42 8.49 12,526 
tail 

IX 8nd IZ increased 

319 percent Ix, lengthened 5531 0.20 0.02 3.76 9.34 20,221 

X/E Z / B  

Ct 

Iz 
IX - IY 

mb 2 'x Sea 
level  Iy 

A l t i -  
tude of 
28,000 
f ee t  

IY - IZ 
mb2 

IZ - IX 
mb2 



NACA RM No. SL8H17 

%ondition numbera refer to  condition numbere of table 11. 
h io l en t ly  o s c i ~ t o r y .  
%del goes inverted during oscillations. 
d~ecovery attempted by simultaneous neutralization of rudder and elevator. 
'='Visual eetlmte. 

TABL~ IV.- r n ~  m ~ I O I I S  ox TXE SPIN AID RECOV~RY CEAPAC~SIICS OF A &SCALE 
17.8 

blom OF TXE CO~ELIus XFOl GLUIER 

Elode1 condition and loading a s  indicated; model was launched with spimring rotation to  the right; ruaaer full with 
the .spin; recovery attempted by rudder reversal erc'ept a s  indicate4 

Remarks 
Condition 
number 

(a) 

Model condition 

Revlsion or combhation of revision 

Recovery fo r  aileron 
position indicated 

agyai 
length 

1 1  
2.5 
1 1  
6 ' 5  
L 1 
4' 4 

1 1  
$> 6 
1 1  
5' 5 

1: 

% 
1 1 

(b 

1 1  -, - 
4 4 

1 1  
-> - 
4 4 

t 
- -- 
--- 
--- 
--- 

>1, ea+ 

e>3 

--- 

'2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

Ireutral 

Original 

e 

Neutral 

 own 

Ireutral 

UP 

neutral 

lbvn 

UP 

UP 

neutral 

'JP 

Dom 

up . 
np 

UP 

UP 

D o h  

UP 

(a) 

A l t e m t e  rudder deflections 
(45O with the spin to  q0 
against the apin f o r  recovery) 

50-psrcent-rudder-chord increase 

Sharp-leading-edge vlng 

Wing-tip extensions, a t h  neet iye  
dihedral 

Ventral f i n  

Horizontal f ins  A 

Horizontal fino B 

Horizontal f ins c 

Horizontal f ins  D 

Horizontal fins E 

Horizontal f ins F 

hill. 
with 

1: 
2 

6 
1 
j-, 1 

1 - 
2 

vertical-tal l  

, $ 2  

1 1  
6' 6 

(b) , (c)  

(b), (c )  

(b), (c) 

(a) 

Ibtion obtained s imih r  
to  that of m v i a e d  
model (chart 1)  

Do. 

Do. 

Do. 

Do. 

Do. 

Ib. 

~ o .  

Do. 

&tion obbinsa similar 
but somsvhat steeper 
than that  of unre- 
vised model (chert 1 )  

blotion obtained similar 
t o  that  of unreviaed 
model (chert 1 )  



NACA RM No. SIi3EiJ.7 
I 

TAFU IT.- EFFECT m m s 1 0 m  on TBE SPm AID E O V E R Y  CEARAcmms OF A ASCALE 
17.8 

MODEL OF TFIE c o m m m  mi GILDER - continued 

Recovery f o r  aileron 
Condition Model condition position indicated 
number Remarks 

Full (a) Revision n, combbation of ~ev ia tons  zzE myt ~reu t ra l  llth 

(a) Original ver t ica l - ta i l  length 

Motion obtained similar 
13 ~ o r i z o n t a l  f iaa  G UP --- t o  tha t  of -vlsea 

model (chart 1 )  

up to e$ to ; --- 
14 spoilera A DO. 

Down --- 
15 Spoilers B UP --- --- Do. 

16 Spoilers C UP --- --- Do. 

UP --- 
17 Spoilers D Do. 

Down --- 
~ ~ I O U  obtained similar 

t o  tha t  of -vised 

18 Spoilers E UP --- model except mta t lon  about spin axis is 
stopped without control 
movemnt. 

UP > 5 
Ebtion obtalned f l a t t e r  

19 Slats A ( w i t h  adverse ef fec t  on 
neutral S 6 recoveries) than tha t  

of unrevissd m a e l  

UP 
1 1 1  

I5 2' 2 vation obtained similar 
20 Slats B t o  tha t  of unrevised 

neutral & 3 
2' 4 

model (chart 1 )  

UP --- 1 1  ce -> - 
4 2 Vation obtained f l a t t e r  

21 Slats C (with adverse ef fec t  
Ileutral >4 on recoveries) than 

tha t  of unrevised model 
Down .4 

1 1 --- El? 4 ' 4  
--- pation obtained similar 

22 slat B - inboara vlng t o  tha t  of -vised 
neutral --- model (chart 1 )  

1 1  
up Q 6 --- --- 

23 S la t  C - inboard vlqg Do. 
neutral --- 

UP 1 - 1 1 
2 B 6 Motlon obtained SindLar 

24 wing A neutral --- 3 - t o  tha t  of -vised 1 
B 2 model except oscil- 

latione mom vialent 
Down --- t't t 

a~ondition numbers refer  t o  condition numbers of table 11. 
v i s u a l  estinsrte. 
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TABLg IT.- ZZ'FET (IF FZZISIOIG ON TBE SPIN AlPD IWOVERY CEARFtC-SPICS (IF A ~ S C A L F :  17.8 
b:ODEL OF THE COF3iELKB XFG-1 G I X m  - Continued 

Condition 
number 

(a) 

Model condition 

Reviaion or combbat ik  of reviaio- 

25 

26 

27 

28 

3 

30 

31 

32 

33 

34 

35 

a~ondition 

Relrarks 

Recovery f o r  aileron 
poeitidn indicated 

Elevator 
position 

BVisual eatinate. 

UP 

Neutral 

9 

Down 

UP 

Neutral 

n e u W  

Down 

UP 

neutral 

Down 

UP 

neutral 

Down 

UP 

ITeutral 

UP 

UP 

neutral 

UP 

neutral 

UP 
. 

Neutral 

of table 11. 

(a) O r i g L n a l  

W i n g B  

wing A - squared wing t i p s  

W i n g  A - s l a t  B 

W i n g  A - s l a t  C - outboard w i n g  

W i n g  A - squared w l q  t i p s  - s l a t  B 

Whg A - slat B - inboard wing 

W i n g  B - decreased fuselage length 

W i n g  B - s l a t  A 

W i n g  B - slat A - inboard wing 

Wing B  - aquared t ips  - slat A 

W i n g  B - s¶-d t i p s  - slat A - 
inboard Hug 

numbers refer to condition numbers 

Full 
againat 

ver t ica l - ta i l  

t 

4 

2, + 
>5 

1, 1 

--- 

ITeUtral Full  
with 

length 

1 1  -, - 4 4 

1 1  
2' 2 

--- 
--- 
e l  
' 4 .  

2, 121 

>4 

' 2  
1 1- 
5, 5 

2,31$ 

, 
--- 
1 - 
4 

--- 
--- 
--- 

1 - 
4 

--- 
--- 
--- 
--- 
--- 

--- 

1 - 
4 

t, 2 
1 

1 - 
4 

bbtion obtained similar 
t o  that  of unreviaed 
moael (chart 1)  

DO. 

Do. 

* i o n  obtained f l a t t e r  
(with adverse ef fect  
on recoveries) than 
tha t  of anravised nodel 

Xotion obtained similar 
but somwhat steepsr 
than tha t  of -- 
vised model (chart 1 )  

vation oh-a aimtlar 
t o  that of unreviaed 
model (chart 1)  

1.btion obtained E M ~  

but somewhat steeper 
than tha t  of unrevlaad 
moael (chart 1)  

Fation obtained similar 
t o  that of -vised 
model (chart 1 )  

Do. 

Do. 

Do- 
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TABLF IV.- E3'FEC'P QF .REVISIONS ON !CRE SPIN AlD RECOVERY C K U A ~ S m C S  (IF A &-SCALE 
17.8 

I4OIIEG OF !CRE CORNELIUS XFGl GIXDER - Concluded 

I I ~ a e l  condition I Recovery f o r  aileron 
posit ion indicated 1 

Elevator Full Full 
Revision o r  combination of revisions1 pbitim 1 mllst 1 Neutral I ylth I -br I 

(b) Increased ve r t i ca l - t a i l  length 

&%tion 0btaLnea s i m l ~ a r  
t o  tha t  of unrevlsea 37 

38 Do. 

Wing f i l l e t s  A I up 

IX and 12 increased 159 percent IX 

IX and IZ increased 319 percent IX 

- - 

Wing f i l l e t s  B 

Up 

Up 

Do. 

I 
Wing f i l l e t s  C 

Horizontal s t r i p s  A 

I Do. 

I Do. 
I 

Spins obtained, steeper 
and steadier than 

Neutral I- those of unrevised 
model; s ta l led  glide 
persistad f olloving 

Horizontal a t r i p s  B 

I recovery 

Horizontal s t r i p s  C 

Neutral C ~ b t i o n  obtaimc~ similar 
t o  tha t  of unrevlsed 
model (chart 2) 

I 

Do. ~ok tzon ta l  f i n s  A l up 

I Do. 46 

49 

50 

I Do. 

Spins obtained, ataepar 
and steadier than 
those of unrevlsed 
modal; s ta l led  glide 
persisted following 
recovery 

Horizontal f i n s  B 

Horizontal f i n s  C 

Horizontal. f i n s  D 

a~ondi t ion  numbers refer  t o  condition numbers of table 11. 
%sual eotimste. 
f ~ e c o v e m  attempted by reversing the rudder full against and the e 

UP 

UP 

Ikeutral 

UP 

neutral. 



bormal loading; model was l a e h e d  with spinning rotat ion to  the r ight ;  ruMer f u l l  with the spin; recovery Prom the ensuing motion 
was attempted a s  indioateg 

I Oscillatory spin violent ro l l ing  
and pitching hotions. 

I 1 By rudder reversal, made 6 
to  $ turn and went into 

d 
f l a t ,  s t a l l ed  glide. By 
elevator reversal, made 1 
to  2 turns. pitched inverted 

I and then rol ied erect. By 
simultaneous All1 rudder and 
elevator reversal, made 2 turns 
and went into steep dive tending 
to  pitch inverted. 

alternated with ro l l ing  
and pitching motions. 

By rudder reversal, made $ turn and 
went into f l a t ,  a t a l l e d  glide 
with ro l l ing  oscillations. By 

, elevator reversal went into 
I spin with ]notion &ypical of 

elevator down spin. By simul- 
taneous f u l l  rudder and elevs, 
tor  reversal, made, 1 turn and 

2 
went in to  steep dive tending to 1 pitch inverted. 

Stalled glide with s l fght  rol l ing 

Bv rudder reversal. remained in flat. . . 
s ta l l ed  glide. By elevator 
reversal, went in to  a steep sp i ra l  
typical of elevator-down motion. 
BY- simultaneous N1 rudder and 
elevator reversal went into steep 
dive tending to  s i i n  inverted. 

Oscillatory motion violent roll- 
ing and pi tch& osci l la t ions 
which increased u n t i l  model 
inverted. 

I 

Steep osci l la tory spin altermeted 
with ro l l ing  s~xd pihohing 

Steep sp i ra l  motion with ro l l ing  
and yawing osciliations. 

and pitched inverted. 

Model valu3s 
converted to  

Ailerons f u l l  wit& 

(st ick r igh t )  

Wandering and osci l la tory spin, 
alternated with ro l l ing  and 
pitching motions. 

By rudder reversal, made I turn, 
4 

went in to  steep s ta l l ed  glide, 
and s tar ted to  hurn to  l e f t .  

Oscillatory motion violent roll- 
ing and pi tch& osci l la t ions 
which increased u n t i l  model 
inverted. 

3 of motion 
--"re control 

corresponding 
, . , ,, , movement for  I 

Pull-scale ve 

Steep sp i ra l  motion, with rol l ing 
and pitching osci l la t ions.  

{By rudder reversal, made $ turn 
went into a dive turning to 
the l e f t .  

Ailerons 
, Pull  against 

( s t i ck  l e f t )  

.lues. 
recovery 

I 

U Fnner w i n g  up 
inner wing 

Nature of motion a f t e r  
control movement. 



[No~ormsl l a d i n g ;  model was launched with spinning rotat ion t o  the r ight ,  rudder f u l l  with the spin; recovery from the ensuing 
motion was attempted a s  indicated) 

steeply then pulled up into a f l a t  
a t t i tud;  turning to  the l e f t .  By 
simultandous f u l l  rudder and elevator I 
reversal, made 1 turn and went into a I 
steep dive and pitched into an inverted 
spin. By simultaneous neutraliwrtion 
of rudder and elevator, made Prom 1- 

2 
to  11 turns and went in to  a steep dive 4 
and pitched inverted. By simultaneous 
neutralization of rudder and reversal 

to  ' of elevator to  f u l l  down, made ' 1 turn and went in to  a dive. 

Osci l la to~g.  motion with violent ro l l ing  
osci l la t ions for  about 12 turns and 
then went into a dive. 

I BY rudder reversal, made $- turn and 1 
I went into f l a t ,  s t a l l ed  glide. By 

simultaneous f u l l  r:dd*,r a e l e v e  I 
to r  reversal, made turn and went 
into an inverted spin. By simul- 
taneous neutralization of rudder 
and elevator, made 1 turn and went 

4 
i n  a dive or continued to  spin for  
more than 2; turns. By simultaneous 

I neutralization of rudder and r e v e r  
s a l  of elevator to  f u l l  down, made I 
1 to  L turn and went into a steep 

dive with tendency to  pitch inverted. 

Ailerons Steep wandering and oscil- 
la tory spin alternated Wandering spin with yawing oscillations. 
with rollin; and pitching 

(Stick I,.+, nn. 

!g 
170 

I - 1  'a&" v.LuA.-. 

' l e f t )  I ( r igh t )  1 4 
By rudder reversal, made $ turn and went By rudder revereal, made 5 2 turn and went 

into a dive. in to  a dive. 

I 

By rudder reversal, made $ turn and 
went into a f l a t  s t a l l ed  glide. By 
simultaneous f u l i  reversal of rudder 

. and elevator, made $ turn and went 
into a dive and pitched into an inverted 
spin. By simultaneous neutralization of 
rudder and elevator, made 1t turn and 
went into a f l a t  s ta l led glide. By 
simultaneous neufiralization of rudder 
and reversal of elevator to f u l l  down, 
made $ turn and pitched into a s tal led,  

inverted glide. 

2U 
27D 

0.19 

I Steep wandering spin w i t h  ro l l ing  
oscillations. I 

Oscillatory spin with 
ro l l ing  motion. 

Bg rudder reversal, mde from 1 to  4 5 turn and went into a steep dive 

Wandering spin with yawing oscillations. 

1 
By rudder reversal, made jj tWn and went 

into a dive. 

1 &d pitched inverted. I 
Model values a fJ Nature of motion before 

converted to  control movement for  
corresponding 
ful l --sale  values. 
u inner wing up Nature of motion a f t e r  control 
D inner w i n g  down movement. 



INCREASED WRTICALTAIL LENGTH, HORIZONTAL FINS AND HORIZONTAL STRIPS p 
@orma1 loading; model was launched with spinning rotat ion to  the r ight ,  rudder fill with the spin; recovery from the ensuing motion 

was attempted a s  indicate4 

-- 
Two ewes of soin 

Wide radius spin 

By rudder reversal, made 
$ turn and went into a 
f la t ,  s ta l led glide. By 
simultaneous neutrali- 
zatioa of rudder and 
reversai of elevator to  
fill down, made 1 turn 
and vent into a steep 
dive and pitched 
inverted. 

li*l osci l la tory spin I 
I I 

By rudder reversal, made 
turn and went into a 

f l a t  s ta l led glide. By 
simuitaneous neutralization 
of rudder and reversal of 
elevator t o  f u l l  down, made 
$ to  I turn and went into a 

4 
steep dive and pitched 
inverted. By simultaneous 
neutralization of rudder and 
reversal of elevator t o  
2 down, mrrde 1 to  1 turn and 

4 
Gent into a steep dive. By 
simultaneous neutralization 
of rudder-and reversal of I 

11 elevator $ down, made $ to I 
1 turn an: went into a steep 

dive and pitched inverted. 

with ro l l ing  

I I 

By rudder reversal, made 
turn and went into a 

&at, s ta l led glide. By 
simultaneous neutrali,  
zatlon of rudder and 
reversal of elevator to  f u l l  
down, made $ to 1 turn and 
went into a steep dive and 
pitched inverted. By simul- 
taneous neutralization of 
rudder and reversal of elevcc 
to r  to 2 down, made I to  1 turn 

3 4 2 
and went into a steep dive. By 
simultaneous neutralization of 
rudder and reversal of e lemtor  
to  1 down, ei ther  made from 1 
to  ;L turn and went into a f l a t ,  

s ta l led gl ide or didn't recover 
i n  2 turns. I 

Elevator neutral 

Ailerons neutral 

Osoillatopy spin 
with violent 
pitching and 
ro l l ing  motions. 

25 
81 

175 

By rudder reversal, mde 
turn and went into a 

f i a t  s ta l led glide By 
simuitaneous neutrai i  zatlon 
of rudder and reversal of 
elevator to f u l l  down, made 
1 to 1 turn and went into a 
2 4 
steep dive. 

6U 
33D 

0.17 

I J, 
Ailerons 

f u l l  against 
C - 

( s t i ck  l e f t )  

Model values 
converted to 
co~responding 
full-scale values. 
U inner wing up 
D inner wing down 

Ailerons 
f u l l  with 

( s t i ck  ' 
p i a t )  

~ s c i l l a t o r y  spin 

- 

36 
55 

178 

By rudder reversal, made 
$ turn (visual observation) 

and went into a dive. 

cn, 
l 4 ~  

0.25 



CHART 4.- SPIN ARD RECOVERY CHARACTWISTICS OF THE 1 - S C A L E  MODEL OF THE CORNELIUS -1 [FLIDER W I T 3  INCREASED VERTICAL-TAIL LENGTH, 
17.8 

=d 
!9 

HORIZONTAL FINS, AND HORIZONTAL STRIPS AND WITH THE CENTER OF GRAVITY MOVED REARWARD h 

benter  of gravity moved 5 percent mean aerodynamic chord rearward of normal; mode was launched with spinning rotat ion to  the r ight ,  rudder 
f u l l  with the spin; recovery from the ensuing motion was attempted es indicateb 

z 
0 

mo t m e s  of soin ul 

Wide radlus spln 

I By simultaneous neutraliza- By simultaneous neutralization 
t ion of rudder and iI of rudder and reversal of 
reversal of e l e e t o r  to  elevator to  f u l l  down, made 

I f u l l  down, made I turn 
4 11 5 to  1 turn and pitched I I and pitched inverted. ( 1  inverted. I 

Elevator neutral 

AZlerons neutral 

slig&g,i:zE"g 46 
75 

169 

By ruddv  reversal, made turn 
4 

and went into a f l a t ,  stalled 
glide. By simultaneous 
neutralization of rudder and 
reversal of elevator to f u l l  
down, made 1 to  1 turn and 

4 2 
pitched inverted. 

14U 
2833 

0.14 

\1 

I and went into a dive &d 
star ted to spin t o  the l e f t .  

27 
89 

178 

Ailerons 
f u l l  against 

< 
(Stick l e f t )  

Ailerons 
f u l l  with I 

(Stick 
r ight)  1 

By rudder reversal, made turn 
and went into a f l a t  s ta l led 
glide. By simultane6us neutral- 
ization of rudder and reversal 
of elevator to  f u l l  down, 
made 1 turn and pitched inverted 

2 
and rol led with the allerona I 
in to an erect  glide. 

I 

26u 
43D 

0.18 

23 

I I I 

Model values Nature of motlon before 
converted to control movement l o r  

Oscillatory 
spin, a l t e r -  
nated with 
rol l ing and 
pitching motions. 

corresponding V 1 1 recovery. 
f ull--scale - 

By rudder reversal, made $ turn 

16U 
32D 

Wandering spin with 
rol l ing and 
pitching osoil- 
lations. 

-- - - 

values. 
U inner wing up 

Nature or motion a f t e r  control 
movement. 

D inner wing down 



CHART 5.- SPIN AllD RECOVERY CHARACTERISTICS OF A -A-SCALF EIODEL OF TIIE CORIIELIUS-XFG 1 GLIDER WITH IINCREASED VERTICAL-TAIL LENGTH 
17.8 

AND A HORIZOIITAL TAIL 

l o r m l  loading- model was launched with spinning ro ta t ion  t o  the r i eh t ;  rudder RU1 with the spin: recovery from the ensuing motion - was attemntAd a s  indicatedl 

Normal steady spin. s l i g h t  osci l la t ions .  

!BY rudder reversal,  model m d e  from 2 
t o  2$ turns and dived steeply. 

J 

By rudder reversal,  model made 
1; turns  and dived steeply. I 

3; ;% wandering spin with 
r e l a t ive ly  :light 

Model would not  spin launching rota- Model would not spin launching 186 ,52 osci l la t ions .  
t ion being damped'in 1 3  turns  with f{:e&tnst rota t ion  being &ed i n  7 turns f { ~ ~ e $ ~ ~  model diving steeply. with model diving steeply. By rudder reversal,  m d e  2 t o  2 i  turns  

( s t i ck  l e f t )  ( s t i ck  r i g h t )  and dived steeply . 

ode1 vould no t  spin launching rota- 
t ion being damped'in 9 turns with 
the model diving steeply. 

Model would not  spin  launching 
ro ta t ion  being &ped i n  8 turns 
with model diving steeply. 

I '  

' s teep spin 
228 ! 0.67 

By rudder reversal,  model made t o  
11 turns  and dived steeply. 

4 

Model values 
converted control movement for  
t o  oorre- 
sponding 
full-scale Nature of motion a f t e r  control 
values. 
U inner 

wing up 
D inner 

wing down 
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NACA RM No. SL8H17 

c 36.40" c 

scale model of the Cornelius XFG-1 Figure 1.- Three-view drawing of the -- 17.8 
glider a s  tested in the free-spinning tunnel. Center of gravity is shown for 
20 percent of mean aerodynamic chord. 



NACA IW/I No, SL8H17 

1 Figure 2. - Photographs of a --scale model of the Cornelius XFG-1 glider 
17,8 

as tested in  the Langley 20-foot free-spinning tunnel. 



1 Figure 3. - Rudder modification tested on the --scale model of the XFG-1 glider with the origina: 
17.8 

vertical-tail length. 



I 
I t 

CONDITION ~0.5 I 

I 
- --- - - -  d 

i 

j 
2C 

DESIGN TIP  CHORD=^^.^ 
, (E XTENSIONSCONTINUE WITH 

SAME TAPER AS WING AND 
HAVE SAME TIP SHAPE AS 
WING) 

Figure 4.-  Wing extensions with negative dihedral tested on the - L - s c a l e  model of the XFG-1 g 
17.8 

with the original vertical-tail length. (Dimensions are in inches, fu l l  scale.) 



Figure 5.- Ventral fin tested on the i - s c a l e  model of the XFG-1 glider with the original 
17.8 

vertical-tail length. (Dimensions a r e  in  inches, full -scale.) 



NACA RM No. SL8Hl7 

Figure 6.- Horizontal fins tested on the - -scale model of the XFG-1 glider 
17-8 

with the original vertical-tail length. (~imensions a r e  in inches, full  scale.) 



SPOILER A 
CONDITION No. 14 I 

SPOILER B 
CONDITION NO. 15 

I I CONDITION ~ 0 ~ 1 7  lil 

1 Figure 7.- Under-surface spoilers tested on the --scale model of the XFG-1 glider with th 17.8 
original vertical-tail length. (Dimensions are i n  inches, full scale.) 
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(CONTOUR OF SLAT CORRESPONDS 
TO CONTOUR OF FORWARD 20% OF 
UPPER SURFACE OF WING) 

Figure 8.- Leading-edge wing slats tested on the - -scale model of the 
17.8 

XFG-1 glider with the original vertical-tail length. (Dimensions are  in 
inches, full-scale.) 
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Figure 9.- Wings with decreased aspect ratios tested on the - -scale model 17.8 
of the XFG-1 glider with the original vertical-tail length. (Dimensions a r e  
in inches, fu l l  scale.) 
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Figure 10. - Increased vertical-tail length tested on the '-scale model of the XFG-1 glider. 
I 17.8 

(Dimensions are  in inches, full scale.) 
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CONDITION NO. 

Figure 11.- Wing fillets tested on the - -scale model of the XFG-1 glidkr 
17.8 

with increased vertical-tail length. (Dimensions a re  in inches, full scale.) 
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Figure 12. - Horizontal strips tested on the A - s c a l e  17.8 model of the XFG-1 

glider with increased vertical-tail length. (Dimensions are in inches, 
full scale.) 
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Figure 12. - Concluded. 
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1 Figure 13. - Horizontal fins tested on the --scale model of the XFG-1 glider 
17.8 

with increased vertical-tail length. (Dimensions a re  in inches, full scale.) 
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Figure 13. - Continued. 
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Figure 13. - Concluded. 



a*.. NACA RM No. SL8Hl7 

Figure 14. - Horizontal tail tested on the - -scale model of the XFG-1 glider 
17.8 

with increased vertical-tail length. (Dimensions a re  full scale.) 
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Figure 15.- Mass parameters fo r  the loading of the Cornelius XFG-1 glider and 
for loadings tested on the models. (Points a r e  for loadings listed in  table ID.) 
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Figure 16. - Typical motion of a - -scale model of the ~ o r n e l i u s  XFG-1 17.8 
glider in the original design condition and in  the normal control con- 
figuration for spinning. Sixty-four frames per second. 
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Figure 16. - Continued, 
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Figure 16, - Continued. 
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Figure 16. - Concluded 
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Figure 17,- Typical motion of a - 
T 

-scale model of the Cornelius XFG-1 
17.8 

glider with increased vertical-tail length and in the normal control con- 
figuration for spinning. Sixty -four f rarnes per second, 
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Figure 17, - Continued. 
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Figure 17, - Continued, 
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Figure 17. - Concluded. 
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1 Figure 18.- Typical motion of a --scale model of the Cornelius XFG-1 
17.8 

glider with increased vertical-tail length, horizontal fins, and horizontal w 

str ips,  and in  the normal control configuration for spinning. 
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Figure 18. - Continued, 



Figure 18, - Concluded. 
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1 v Figure 19.- Typical motion of a =-scale model of the Cornelius XFG-b 

glider with increased vertical-tail length and a horizontal tail and i n  
the normal control configuration for  spinning. 
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Figure 19.- Concluded. 


